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PREFACE 


TO 


THE      FIFTH      VOLUME. 


THE  NINE  YEARS  which  have  elapsed  since  this  work  was  commenced 
have  witnessed  important  changes  in  the  modes  of  viewing  and 
representing  the  constitution  of  chemical  compounds.  The  old  system  of 
notation,  founded  on  the  dualistic  theory  of  chemical  combination,  and  the 
atomic  weights  adopted  in  Gmelin^s  Handbook  and  other  standard  works 
of  older  date,  may  now  be  regarded  as  belonging  to  the  past ;  and  even  the 
new  system  introduced  by  Gerhardt  has  tmdergone  considerable  modifica- 
tion, the  atomic  weights  which  that  chemist  assigned  to  many  of  the  metals 
having  been  doubled,  and  his  system  of  typical  representation  having  been 
developed  into  the  modem  theory  of  atomicity.  These  changes  and  de- 
velopements  are  explained  in  the  article  Classification  by  Professor  G. 
C.  Foster,  and  the  articles  Atomic  Weights,  and  Metals,  Atomic  Weights 
AND  Classification  of,  by  Dr.  Odling.  The  smaller  atomic  weights  of 
many  of  the  metals  (Ba=e87 ;  Hg  =  100  ;  Zn  =  32-5,  &c.)  having 
been  adopted  in  the  earlier  part  of  the  Dictionary,  it  was  thought 
advisable,  in  first  introducing  the  larger  ones,  to  distinguish  them  by 
doubled  symbols  (Bba  =  137,  Hhg  =  200,  &c);  but  in  the  latter  part 
of  the  work  these  double  symbols,  which  are  rather  clumsy,  have  been 
abandoned,  and  the  ordinary  symbols  used,  with  accents  or  dashes,  when 
necessary,  to  indicate  the  equivalent  value. 

In  bringing  the  Dictionary  to  a  conclusion  I  have  to  regret  that  it  is  in 
some  respects  less  complete  than  I  could  wish.  Although  it  has  extended 
considerably  beyond  the  limits  originally  contemplated,  the  space  has  still 
been  found  too  narrow  for  the  adequate  treatment  of  many  important 
subjects.  I  have  however  endeavoured  to  give  some  notice  of  every  com- 
pound discovered  up  to  the  time  of  the  publication  of  each  Part  of  the 
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work,  and  where  full  description  was  impossible,  reference  is  given  to  the 
original  sources  of  information.  The  earlier  volumes  are  necessarily 
somewhat  behind  the  present  state  of  knowledge,  but  should  the  work 
meet  with  the  success  for  which  we  hope,  this  deficiency  may  perhaps  be 
made  good  by  a  Supplement.  . 

In  conclusion  I  have  to  tender  my  best  thanks  to  those  gentlemen  who 
have  enriched  the  work  by  their  valuable  contributions.  Several  of  these 
articles  have  taken  rank  as  classical  treatises  on  their  respective  subjects, 
and  to  tJiem  the  work  will  be  in  a  great  measure  indebted  for  such  success 
as  it  may  attain. 

HENRY  WATTS. 
London:  May^  18(>H. 
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QVASSJLWTOZXBS*  A  term  applied  by  H.  Rose  to  oxides  containing  4  atoma 
of  metal  to  1  atom  of  oxygen,  such  aa  suboxide  of  silver  AgH) :  better  called  tetrametaUic 
oxide*  (see  Oxides,  iv.  304). 

QVASltX  and  QVASRO.  Prefixes  synonymous  with  Tetra.:  e.g,  SnCl^  n 
Quadrichloride  or  Tetrachloride  of  tin. 

QVASTZ.  NatiTe  ciystalline  anhydrous  silica,  SiO',  occurring  either  in  distinct 
crystals,  often  of  large  size,  or  in  crystalline  aggregates,  or  massive. 

The  crystals  belong  to  the  hexagonal  system,  being  six-sided  prisms  with  pyramidal 
summits,  made  up  of  the  two  opposite  rhombohedrons,  -i-  R  and  —  R,  with  the  cor- 
responding prism  QoR  ;  hemihedral  or  tetartuhedral,  exhibiting  the  modifications 
described  under  CRTSTiiLLOORAPHY  (ii.  139 — 143).  For  R,  the  principal  axis  «  1*100. 
Angle  R  :  R  (terminal)  a  94®  15'.  For  the  hexagonal  pyramid,  the  angle  of  the 
t<Trainal  edges  -  133**  4';  of  the  lateral  edges  =  103°  34-.  Cleavage  very  imperfect, 
pnmllel  to  R  and  ooR.  Twins  are  of  frequent  occurrence,  the  face  of  composition  being 
cither  the  basal  plane,  oR,  or  a  plane  truncating  the  pyramidal  edge,  or  the  face  R. 
Tho  two  crystals  compounded  parallel  to  oR,  sometimes  penetrate  one  another  very 
irregularly,  while  the  external  planes  are  regular  and  even  (Dana,  ii  146).  Distorted 
or)'8tals  also  occur,  sometimes  curved,  as  in  figure  355  (ii.  166). 

Hardness  ■»  7.  Specific  gravity  «  25 — 2*8;  according  to  Beudan^  »  2*6413 — 
2*6541 ;  according  to  Hauy,  =  2*6701.  Lustre  vitreous,  sometimes  inclining  to  resinous. 
Colourless  when  pure  (rock-crystal);  but  often  exhibiting  various  shades  of  yellow, 
red,  brown,  green,  blue,  and  black,  from  admixture  of  oxide  of  iron  and  other  metallic 
oxides.  Streak,  of  the  pure  varieties,  white ;  of  the  impure,  often  the  same  as  the 
colour,  but  much  paler.  Transparent  to  opaque.  Fracture  perfect  conchoi'ddl  to 
subconchoidal.  Tough ;  brittle ;  friable.  Infusible  alone  before  the  blowpipe,  but 
with  carbonate  of  sodium  it  fuses  readily,  and  with  efifervescence,  to  a  transparent 
glass. 

Quartz  exhibits  nurrerous  varieties,  arising  from  peculiar  modes  of  formation  and 
crystallisation,  or  from  impurities.  They  may  be  divided  into  three  groups — namely,  the 
vi  tr«ous  varieties,  exhibiting  the  bright  glassy  lustre  of  broken  quartz-crystals ;  the 
chalcedonic  varieties,  exhibiting  the  glistening  subvitreous  or  waxy  lustre  and 
translucency  of  chalcedony ;  and  the  jaspery  varieties,  having  the  dull  lustre  and 
colours  and  the  opacity  of  jasper.  The  varieties  belonging  to  the  second  and  third 
groups  have  been  already  described.  (See  CHALCKDomr,  i.  844 ;  Jasper,  iii.  442 ;  and 
the  names  of  the  several  varieties.) 

The  vitreous  group  includes:  a.  Rock-crystal,  or  pure  crystallised  quartz.  An 
astoriated  variety  contains  whitish  impurities  or  opaque  particles,  arranged  along  the 
diametral  planes. — /3.  Amethyst :  clear  purple  or  bluish-white  quartz-ciystal,  the  colour 
being  generally  ascribed  to  a  small  percentage  of  oxide  of  manganese.    According  to 

Heintz,  however,  it  is  due  to  a  compound  containing  iron  and  sodium y.  Rose-quarts : 

rose-red  or  pink ;  transparent  or  nearly  so,  with  vitreous  lustre ;  usually  massive, 
and  often  much  cracked.  The  colour  is  probably  due  to  manganese,  but  is  attributed 
by  Fuchs  to  oxide  of  titanium,  and  by  Berthier  to  organic  matter. — 9.  False  topaz :  a 
light-yellow  pellucid  variety  of  quartz-crj'stals,  resembling  yellow  topaz,  bat  dis- 
tinsuished  therefrom  by  it«  crystalline  form,  and  the  absence  of  cleavage. — €.  Smoky 
Vol.  V.  B 
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quartz  or  Caimgorm-8tone  has  a  bpownisli  smoky  tint,  sometimes  pellucid. — f.  Milky 
quartz :  one  of  the  most  common  varieties,  massive,  vitreous,  with  a  milk-white  colour. 
Sometimes  it  bais  a  greasy  lustre,  and  is  then  called  grtasy  quartz. — 17.  Prase  is  a  leek- 
green  variety  of  massive  quartz. — $.  Avniturin  quartz  is  minutely  spangled  through- 
out the  mass  with  yellow  scales.  It  is  usually  translucent,  and  of  a  gi^y>  brown,  or 
reddish-brown  colour. — i.  Siderite :  a  blue  variety  from  GoUing,  near  Saltzburg. — 
K.  FtTruginous  quarts  \a  of  an  opaque  red,  brownish-red,  or  ochre-yellow  colour,  due  to 
oxide  of  iron.  It  occurs  in  distinct  crystals,  sometimes  minute  and  aggregated  into 
masses,  like  the  grains  of  sand  in  sandstone. 

Quartz  in  some  of  its  varieties  occurs  in  almost  every  rock-stratum.  It  is  an 
essential  •  ingi^edieut  of  granite,  gneiss,  mica-slate,  and  other  allied  rocks.  The 
chalcedonic  varieties  occur  principally  in  the  vesicular  cavities  of  basaltic  and  allied 
rocks.  Flint  occurs  imbedded  in  chalk.  Homstone  is  sometimes  imbedded  in  lime- 
stone. Jasper  is  also  associated  with  limestone,  and  with  basaltic  rocks  and 
porphyry. 

Quartz-crystals  sometimes  occur  of  enormous  size.  A  group  in  the  Museum  of  the 
University  at  Naples  weighs  nearly  half  a  ton.  The  British  Museum  also  possesses 
some  very  large  specimens. 

Quartz  is  distinguished :  1.  By  its  hardness^  scratching  glass  with  facility. — 2.  Tn- 
fusibility^  not  fusing  alone  before  the  blowpipe. — 3.  Insaiubility,  not  being  attacked  by 
water  or  acids. — 4.  UncleavabUity  ;  one  variety  indeed  is  tabular,  but  true  cleavage  is 
never  observed. — 5.  The  reaction  with  soda  (p.  1).  It  is  only  pure  quartz,  however, 
that  forms  a  clear  glass. 

QVASTZ-FOSPBTRT.  See  Porphtbt  (iv.  691). — For  analysefi  of  several 
varieties  of  this  rock,  see  Tribolet  (Ann.  Ch.  Phaim.  Ixxxvii.  327;  Jahresb.  1863, 
p.  868). 

QVASSIA^-OABIPBOS.  A  substance  which  separates  from  an  aqueous  infusion 
of  quassia-wood,  in  white  crystalline  plates,  lighter  than  water,  and  having  the  odour 
of  Uie  wood.    (Bennerscheidt,  Handw.  d.  Chem.  vi.  741.) 

qVASSZV.  Quasaiin.  Quassite.  C^m^K>*?  (Winckler,  Report,  Pharm.  liv. 
86. — Wiggers,  Ann.  Ch.  Pharm.  xxi.  40.) — The  bitter  principle  of  quassia-wood 
{Quassia  amara^  L.).  To  extract  it,  the  concentrated  aqueous  infusion  of  the  wood, 
after  beine  freed  from  pectin  and  other  substances  by  treatment  with  slaked  lime,  is 
evaporated  to  dryness;  the  residue  is  digested  in  alcohol  of  80  or  90  per  cent ;  the 
alcoholic  solution  is  evaporated ;  the  yellow,  bitter,  crystalline  substance  which 
remains  is  treated  with  a  very  small  quantity  of  absolute  alcohol;  the  resulting 
alcoholic  solution  is  mixed  with  a  large  quantity  of  ether ;  and  the  filtered  ethereal 
solution,  after  being  concentrated  by  evaporation,  is  poured  into  a  small  quantity  of 
water. 

The  liquid,  if  then  left  to  itself,  gradually  deposits  quassin  in  small  white  opaque 
prisms — very  bitter,  inodorous,  and  permanent  in  the  air.  It  melts  when  heated,  and 
forms,  on  cooling,  a  transparent,  yellowish,  very  brittle  mass.  At  a  higher  temperature 
it  becomes  more  fluid,  turns  brown,  carbonises,  and  then  yields  acid  products  free 
from  ammonia;  100  pts.  of  water  at  12^  dissolve  0*45  pt.  of  quassin.  Its  solubility  is 
increased  by  the  presence  of  very  soluble  saline  suMtances  or  organic  acids.  It 
contains,  according  to  "Wiggers,  65*7  per  cent,  carbon,  and  6*9  hydrogen,  agreeing  very 
closely  with  the  formula  C'*H'*0*.  The  aqueous  solution  gives  a  white  precipitate  with 
tannin,  but  is  not  precipitated  by  iodine,  chlorine,  mercuric  chloride,  iron-salts,  or  leud- 
Balts.  It  dissolves  without  coloration  in  oil  of  vitriol,  and  in  nitric  add  of  specific 
gravity  1*25 ;  hot  nitric  add  converts  it  into  oxalic  acid« 

• 

QVA8BZTB.    Syn.  with  Quassin. 

Qimnrs  nmTAA.  An  alloy  consisting  of  9  pts.  tin,  1  antimony,  1  lead,  and 
1  bismuth. 


QinntSBCrntXV.  C*'H«0".  rRochleder,  Ann.  Ch.  Pharm.  cxii.  112.)— 
A  substance  extracted  by  alcohol  from  the  leaves  of  the  chestnut  (?  horse-chestnut).* 
It  forms  fine  yellow  crystalline  grains  of  the  size  of  poppy-seeds,  and  is  resolved  by 
hydrochloric  add  into  quercetin  and  glucose : 

C*'H*^»  +  3H«0     -     C«H"0'*  +  3C«H'n)«. 


L    An  ammoniacal  solution  of  quercetin  left  to  itself  for  two 
months,  and  then  treated  with  hydrochloric  add,  deposits  unaltered  quercetin;  but  on 

•  ThesubtUnoe  it  Mid  by  Rochleder  to  ocrur  "  in  den  KatUnienblittern  \  **  but  the  n«rae  quer^tdtrin^ 
which  he  givea  to  it,  would  seem  to  imply  that  It  was  obtained  from  the  borie-cbestnut  {JKsculus 
Mppocastmnm).    See  QuBacsriM. 
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C»^H"0  • 

+ 

H«0 

cs 

C"H'«0« 

Querc«tia. 

Quercctic 
acid. 

8C"H"0« 

+ 

HH) 

. 

C-^H'H)  • 

Quercetin. 

QiHtroetie 
acid. 

C"11"0'» 

m. 

C'*H'*0» 

Qu<rc«>tin. 

Que:cetic 
acid. 

adding  ammonia  to  Uieactd  filtrate,  quercetamide  is  obtained,  as  an  orange-yellow  pre- 
cipitate, which  altera  rery  quickly  on  ezpoeure  to  the  air.  At  a  temperature  of  146® 
to  150'',  thiH  body  is  formed  in  twelve  hours,  but  in  a  loss  pure  state.  It  is  amorphous, 
slightly  soluble  in  water,  more  soluble  in  alcohol,  ether,  hydrochloric  acid,  and  excess 
of  ammonia.    (Schutsenberger  and  Paraf,  Zeitschr.  Ch.  Pharm.  1862,  p.  41.) 

qVBRcarzo  AOZB.  C"H'«0«  or  C'H'^O",  or  C'*H>»0'?  (Hlasiwetz,  Ann. 
Ch.  Pharm.  cxii.  96. — Z  wenger  and  Dronke,  ibid,  SuppL  i.  261 ;  also  cxxiii.  153. — 
Hlasiwetz  and  Pfaundler,  J.  pr.  Chem.  xciv.  65;  Jahresb.  1864,  p.  561.) — ^A 
compound  formed,  together  with  phloroglucin  and  other  products,  by  the  action  of 
boilmg  potash  on  quercetin : 

-    C^«0«  (Hlasiwetz). 
Phloro- 
flucin. 

■   3C^«0«  (Zwenger  and  Dronke). 
Phloro- 
glucliu 

.   C'^'H^O*  (Hlasiwetz  and  Pfaundler). 
Morin.» 

Preparation. — A  hot  yery  concentrated  solution  of  3  pts.  potassium-hydrate  is 
boiled  down  in  a  silver  basin  with  1  pt.  quercetin,  and  the  residue  is  heated,  till  a 
sample  dissolved  in  water  on  a  watch-glass  no  longer  gives  a  flocculent  precipitate 
(paiudatiscetin)  with  hydr«.  chloric  acid,  and  the  residue  quickly  turns  dark-red  at  the 
edges ;  it  is  then  immediately  diluted  with  water,  and  neutralised  with  hydrochloric 
acid.  After  being  left  to  cool  and  stand  for  a  while,  it  is  filtered  from  the  separated 
flocks,  which  contain  quercetin  and  paradatiscetin ;  the  filtrate  is  evaporated  to 
dryness  ;  the  residue  exhausted  with  alcohol ;  the  alcohol  distilled  off  from  the  brown 
tincture ;  and  the  residue  diluted  with  water.  On  adding  neutral  acetate  of  lead  to 
this  solution,  quercetate  of  lead  is  precipitated  (phloroglucin  n^maining  in  solution), 
which  may  be  decomposed  under  water  by  fiulphydric  acid-  After  the  sulphide  of 
lead  has  been  filtered  off  and  washed  with  boiling  water,  the  solutions  are  evaporated 
in  a  current  of  hydrogen,  and  the  crystals,  which  separate  after  some  days,  are  collected 
and  decolorised  by  recrystallisation,  with  addition  of  animal  charcoal  (Hlasiwetz). 
Or  the  neutralised  solution,  mixed  with  one-fourth  of  its  volume  of  alcohol,  may  be 
shaken  up  with  ether,  the  ether  evaporated,  and  the  residue  dissolved  in  water,  and 
treated  with  acetate  of  lead  as  above.     (Hlasiwetz  and  Pfaundler.) 

Properties. — Quercetic  acid  crystallises  in  slender  silky  needles,  which  effloresce  in  a 
warm  atmosphere,  and  give  off  15*49  per  cent,  water  between  120°  and  131^ 
(C"H'K)".HO*  requires  15  47  per  cent.).  The  composition  of  tJie  anhydrous  acid, 
according  to  calculation  and  analysis,  is  as  follows : 


Caimlatitm. 


Carbon  • 
Hydrogen  . 
Oxygen     • 


HlAnlwets. 

C»'H'«0« 

.  59-30 
.  3-48 
.     37-22 

10000^ 


Mean  of 
■^  ctnalyte*. 

Zwenger  and  Hlasiwets  and 

Drntike.  Pfaundler.         Hla»iwets. 

C*'H'*0"         C"H'»0' 


5915 

3-28 

37-57 

10000 


59-60 

3-31 

3709 

loooo 


59-44 

3-73 

36-83 


10000 


The  last  formula  agrees  best  with  the  analyses,  but  it  does  not  afford  so  ready  ah 
explanation  as  the  others  of  the  simultaneous  formation  of  phloroglucin  from  quercetin 

(p.  6)- 

Quercetic  add  dissolves   sparingly  in  cold,  easily  in  boiling  fvater ;  it  is  soluble 

also  in  alcohol  and  tther.  The  aqueous  solution  turns  yellow  when  exposed  to  the  air. 
A  very  dilute  solution,  when  exposed  to  the  air,  acquires  first  a  yellow,  then  a  splendid 
carmine  colour.  The  acid  dissolves  with  red-brown  colour  in  oil  of  vitriol^  and  is  pre- 
cipitated by  water  in  red  flocks,  forming  purple  solutions  with  ammonia  and  potash 
(Hlasiwetz). — It  is  coloured  black-blue  hy  ferric  chloride,  or  in  very  dilute  solution, 
a  splendid  bright  blue  (Hlasiwetz).  When  dissolved  in  water  together  with  urea 
it  forms  a  compound,  and  with  excess  of  urta,  a  product  of  decomposition  (Pfaun  d  ler). 
By  fusion  with  potash,  it  is  converted  into  protocatechuic  and  quercimeric  acids : 

C'«H'»0»  +  H«0  +   0     -     CH'O*  +   C»H«0». 


Quercetic 
add. 


Frotocntecbuic    Quercimeiio 
acid.  acid. 


*  The  morin  it  lald  to  be  further  traniformpd  into  phloroglucin,  with  limultaueoui  fomation  of 
oxalic  acid  ;  but  the  mode  or  dccompoticion  is  not  given. 

b2 


4  QUERCETIN. 

BlAoeto-queroetlo  add,  C«'H'K)'»  =  C"H"(C«H»0)«0«?  (Pfanndler, 
Ann.  Ch.  Pharm.  cxix.  813.) — Obtained  by  heating  quercetic  acid  with  chloride  of 
acetyl  to  100^  in  a  Bealed  tube,  expelling  the  excess  of  the  chloride  after  the  action  is 
over,  and  drenching  the  rebidual  glutinous  mass  with  water.  It  then  remains  in 
resinoas  flocks,  which  may  be  purified  by  washing  with  water  and  crystallisation  from 
alcohol  It  is  decomposed  by  heat,  with  formation  of  acetic  acid.  It  reduces  alkaline 
solutions  of  copper-  and  silver-salts  ;  scarcely  colours  a  solution  of  ferric  chloride. 

The  above  reaction  also  gives  rise  to  the  formation  of  a  second  product,  probably 
fnonoacetoquercetic  acid,  which  remains  dissolved  in  alcohol,  after  the  diaceto-compound 
has  crystallised  out,  and  is  precipitated  by  water  in  white  flocks ;  it  colours  ferric 
chloride  deep  green.    (F  f  a  u  n  d  1  e  r.) 


MeUtin. — A  product  of  the  decomposition  of  quercitrin  and 
similar  bodies,  discovered  in  1854  by  Kigaud  (Ann.  Ch.  Pharm.  xc  283),  and 
further  examined  byHlasiwetz  (i^.  cxii.  96),  who  assinied  to  it  the  formula, 
C'H**0'*  ;  by  Zwenger  and  Dronke  {ibid,  Suppl.  i.  21,  and  cxxiii.  153),  who  adopt 
the  formula  C"H  "O^,  proposed  by  Wurtz  (Ann.  Ch.  Phys.  [3]  xlii.  244) ;  and  lastly 
byHlasiwetz  and  Pfaundler  (J.  pr.  Chem.  xciv.  65;  Jahresb.  1864,  p.  660),  who 
regard  it  as  C''H»»0'«. 

Quercetin  is  produced,  together  with  sugar  or  a  similar  body,  by  boiling  quercitrin 
(Rigaud),  rutin (Rochleder  and Hlasiwetz), or robinin  (Zwenger  andDronke), 
with  aqueous  mineral  acids,  and  separates  during  the  boiling  and  on  cooling,  partly  only 
after  the  liquid  h:is  been  left  at  rest  for  some  time.  It  is  likewise  obtained  in  the 
preparation  of  quercitrin  by  the  method  presently  to  be  described  (p.  6),  and  by  the 
decomposition  of  several  substances  identical  or  isomeric  with  oucrcitrin,  viz. — a.  A 
yellow  colouring-matter  firom  ripe  horse-chestnuts,  likewise  found  in  the  full  but  not 
in  the  undeveloped  leaves,  and  in  the  flowers  (Rochleder).— /8.  A  yellow  dye  from 
hops. — y.  A  yellow  dye  from  the  berries  of  the  sea-buckthorn  or  sallowthom  {Hip- 
papkae  rhamnoidta).—^.  Flavin,  a  yellow-brown  powder  from  North  America  (ii.  656). 
— c.  The  green  leaves  and  the  flowers  of  plants  contain  either  quercitrin  or  quercetin. 
(Filhol,  J.  Pharm.  [3]  xlL  161.) 

Rhamnetin  and  thm'etin  are  regarded  by  Hlasiwetz  as  identical  with  quercetin,  which 
however  is  doubted  by  BoUey  in  the  case  of  rhamnetin. 

Quercetin  forms  either  small,  very  slender,  bright-yellow  needles,  which  do  not  polarise 
light,  or  a  lemon-yellow  powder.  It  contains  water  of  crystallisation,  which,  according 
to  Hlasiwetz,  is  not  completely  expelled  at  120°,  or  even  between  200**  and  220*^. 
Hlasiwetz  originally  assigned  to  hydrated  quercetin  dried  at  various  temperatures  the 
formula  4C»H»«0'*.H«0,  2C«'H'«0'».H«0,and  C«H"0'».H«0.  Accordingto  the  more 
recent  experiments  of  Hlasiwetz  and  Pfaundler,  anhydrous  quercetin  is  C*^H'*0**,  and 
there  are  two  hydrates  containing  20"H'"0'«.H«0  and  C*'H»"0".HK).  [For  analyses, 
see  Gmelin's  Handbook^  x"i.  492,  and  the  memoir  of  Hlasiwetz  and  Pfaundler  above 
cited.] 

Quercetin  melts  above  251®  to  a  yellow  liquid,  without  decomposition  when  quickly 
heated,  and  solidifles  in  the  crystalline  form  on  cooling.  At  a  higher  temperature,  or 
when  slowly  heat«d  even  to  230° — 250°,  it  sublimes  with  partial  decomposition  in 
yellow  needles.    It  is  inodorous,  permanent  in  the  air,  and  neutral. 

Quercetin  is  nearly  insoluble  in  cold,  and  but  slightly  soluble  in  boiling  toater, 
forming  a  yellow  solution  ;  easily  in  alcohol  even  when  very  dilute,  much  less  freely  in 
ether.  It  dissolves  without. decomposition  in  warm  acetic  acid^  and  in  warm  concen- 
trated hydrochloric  acid.  From  solution  in  alcoholic  hydrochloric  acid  it  separates  on 
concentration  in  deep  orange-yellow  crystals. — Cold  nitric  acid  dissolves  it  readily,  and 
on  heating  the  solution,  oxslic  acid  is  formed,  together  with  a  small  quantity  of  picric  acid. 

Quercetin  dissolves  easily  in  alkaline  liquids,  forming  golden-yellow  solutions,  ^m 
which  it  is  precipitated  in  flocks  by  acids.  It  forms  with  potash  the  compound 
C»'H»0»  K*0,  or  C^H'«K«0»«.H«0,  a  corresponding  compound  with  9oda,  and  with 
tine-oxide  the  compound  C»'H'"0'«.Zn"H-0«.    (Hlasiwetz  and  Pfaundler.) 

The  alcoholic  solution  of  quercetin  forms  a  brick-red  precipitate  with  neutral  acetate 
of  lead, — Ferrous  chloridt  colours  the  alcoholic  solution  dark-red,  but  scarcely  affects 
the  aqueous  rolution. — Ferric  chloride  colours  the  aqueous  solution  dark-green,  even 
when  very  dilute,  the  colour  changing  to  dark-red  when  heated.  An  alcoholic  solution 
of  quercetin  mixed  with  alcoholic  ferric  chloride  and  evaporated,  leaves  a  dark-green 
amorphous  mass,  nearly  insoluble  in  water,  but  dissolving  completely  in  alcohol  and 
ether,  the  solutions  haying  the  colour  of  chlorophyll.    (Pfaundler.) 

Quercetin  easily  reduces  nitrate  of  silver  at  ordinal^  temperatures,  chloride  of  gold 
at  the  boiling  heat,  and  cupric  oxide  in  alkaline  solution.  When  heated,  or  left  for 
some  time  in  contact  with  aqueous  ammonia,  it  forms  quercetamide.  (Schiitzenber- 
g^fir  and  Paraf,  p.  2.) 


QUERCIMERIC  ACID.  5 

Qnercetin  heated  with  potash  yields  quercetic  acid  and  other  products,  varying 
according  to  the  duration  of  the  action.  When  it  is  heated  with  3  pts.  potassium- 
hydrate  till  a  sample  dissolved  in  water  exhibits  a  purple-red  colouiing  on  thn  edges, 
the  product  consists  cliiefly  of  quercetic  acid,  phloroglucin,  and  paradatisce- 
tin,»  C'*H'*0' (formerly  called  by  Rldsiwetz  alpha-quercetin,  and  regard^  as  O*H'*0"), 
which  separates  in  yellow  flocks  on  the  addition  of  hydrochloric  acid.  If  the  action 
be  further  prolonged,  protocatechuic  and  quercimeric  acids  are  produced  by 
the  decomposition  of  the  quercetic  acid,  also  a  body  which  has  not  been  obtained  in 
the  free  state,  but  remains  in  the  mother-liquor  from  which  the  phloroglucin  has  been 
deposited,  and  is  characterised  by  yielding  a  fine  violet  colour  with  carlwnate  of  sodium 
and  indigo-blue  with  strong  sulphuric  acid. 

Hlasiwetz  and  P£iundler  regard  quercetinas  a  compound  of  quercetic  acid  and  morin : 

C*»H'»0'«     =     C"H»0»   +   C»»H'»0» 
Quercetin.  Morlo.  Qaercetic  add. 

a  view  of  its  composition  which  explains  the  formation  of  quercetic,  quercimeric,  and. 
protocatechuic  acids,  but  not  that  of  paradatiscetin.     The  quercimeric  and  protocate- 
chuic acids  are  formed  as  shown  by  the  equation  already  given  (p.  4).     The  phloroglu- 
cin appears  to  be  formed  from  paradatiscetin,  thus: 

2C'»H'»0«  +   6H*0  +  O*     -     6C^H)». 

The  quantity  of  phloroglucin  produced  is  greater  as  the  action  is  more  prolonged.  [The 
mode  of  formation  of  quercetic  acid  and  phloroglucin  according  to  the  older  formulae  of 
quercetin  has  been  already  given,  p.  3.1 

When  a  solution  of  quercetin  in  dilute  soda-ley  is  treated  with  sodium-amalgam 
(containing  3  or  4  per  cent  sodium)  till  the  liquid  has  acquired  a  light  brownish- 
yellow  colour,  then  neutralised  with  hydrochloric  acid,  and  shaken  up  with  ether,  the 
ether  extracts  phloroglucin,  together  with  two  other  bodies  which  may  be  separated  by 
precipitation  with  acetate  of  lead.  On  decomposing  the  precipitate  with  sulphydric 
add,  and  evaporating  the  filtrate  in  a  vacuum,  a  crystalline  powder  is  firet  deposited, 
consisting  of  a  body.  A,  having  the  composition  C"H"0^  while  another  body  B,  consist- 
ing of  C'H*0',  separates  in  granular  crystals  from  the  mother-liquid  after  longer 
standing  and  repeated  evaporation. 

The  less  soluble  body  A  is  a  weak  acid,  which  crystallises  from  hot  water  in  slender 
prisms,  and  dissolves  easily  in  alcohol  and  ether ;  its  alcoholic  solution  is  coloured  dark- 
violet  by  ferric  chloride,  and  violet  changing  to  brown-yellow  by  potash.  By 
renewed  treatment  with  sodium-amalgam  it  is  converted  into  phloroglucin ;  by  fusion 
with  potash,  into  phloroglucin  and  protocatechuic  acid : 

C»»H'«0»  +   0«     -     C«H'0«  +  C*HH)«. 

The  other  body  B  is  also  a  weak  acid  :  it  melts  at  130^ ;  its  aqueous  solution  is  coloured 
dark  yellow-red  by  a  drop  of  caustic  potash,  men  by  ferric  chloride,  and  then  purple- 
violet  on  addition  of  sodic  carbonate.  It  reduces  silver-solution  and  alkaline  cuprio 
solutions,  and  is  converted  by  fusion  with  potash  into  protocatechuic  acid : 

C'HK)»   +   H«0     -.     C'H«0*  +   2fl». 

An  alcoholic  solution  of  quercetin  acidulated  with  hydrochloric  acid  is  converted  by 
sodium-amalgam  into  a  red  body  (Stein's  pnracarthamin^  iv.  341),  which  is  easily 
reconverted  into  quercetin.     (Hlasiwetz  and  Pfaundler.) 


C*H'*0*. — Produced  by  the  action  of  melting  potash 
on  Quercetic  acid,  or  by  its  prolonged  action  on  quercetin.  When  quercetin  is 
fiised  with  hydrate  of  potassium  till  thr*  mass  no  longer  froths  up  in  large  bubbles,  and 
a  sample  of  it  dissolves,  no  longer  with  golden-yellow,  but  with  tawny-yellow  colour, 
chan^ug  to  red  more  quickly  on  exposure  to  the  air,  quercimeric  acid  is  sometimes 
found  in  the  solution,  instead  of,  or  together  with,  quercetic  acid,  and  separates  from 
the  mother-liquor  in  granular  crystals,  which  may  be  purified  by  repeated  fractional 
crystallisation  and  decolorisation  with  animal  charcoal,  or  by  decomposition  of  the  lead- 
precipitate  with  sulphydric  acid. 

Quercimeric  acid  in  the  crystalline  state  contains  C*H*0\H^O.    It  is  colourless,  hss 

*  To  obtain  thii  tabctance  pure,  it  it  dissolved  In  alcohol }  the  solution  is  mixed  with  acetate  of  lead, 
which  throws  down  quercetin  \  the  liquid  freed  from  lead  bjr  sulpharic  acid,  and  concentrated  to  two- 
thirds,  is  mixed  with  water  ;  and  the  flocks  thereby  separated  are  crrstaliised  from  very  weak  spirit. 
Parsidatiscptin  it  thus  obtaini^d  in  yellowish  needles.  It  it  probably  isomeric  with  datisoetin  (ii.  306) 
and  lutenlin  (iii.  736) ;  ditsolvrt  easily  and  with  acid  reaction  in  dilute  alcohol,  le^t  easily  in  alcohol, 
anti  i«  nearir  insoluble  in  w.«ter.  Thr  alcoholic  ••iluiion  it  coloured  violet  by  ferric  chloride,  yellow  by 
pota»h,  turning  green  on  exposure  to  the  air,  red  or  red-brown  hy  tqueout  bromine  or  ctilorine.  It 
reduces  nitrate  of  silver  and  alkaline  cuptic  Foliitlont  when  heated  with  them.  >^ hen  boiled  with 
alkaline  earths.  It  yieldt  hydrated  laltt  crystallising  in  long  need  et.  Br  fusion  with  hyilrate  of  potato 
•ium  it  Jidda  phloroglucin,  but  no  quercetic  or  protocateclmic  acic* .  (  H 1  a  t  i  w  e  t  s  and  Pfaundler.) 


6  QUERCITANNIC  ACID— QUERCITRIN. 

an  add  reaction  and  astringent  taste,  dissoWes  readily  in  water,  alcohol,  and  ether,  and 
separates  therefrom,  in  granular  or  small  prismatic  crystals.  The  aqueous  solution 
immediately  becomes  purple-red  on  addition  of  a  trace  of  alkali,  dark-blue  with  ferric 
chloride.  Like  quercetic  acid,  it  reduces  nitrate  of  silver  and  alkaline  cupric  solutions, 
and  is  precinitated  by  acetate  of  lead.  When  fused  with  potash,  it  yields  proto- 
catechuic  acia : 

c^«o»  +  0   »   cm*o*  +  co». 

QUSSCITAJnrZO  ACZB.  An  acid  of  unknown  composiition,  extracted  from 
oak*bark,  and  exhibiting  with  ferric  salts  the  same  reactions  as  gallotannic  acid.  It 
differs  however  from  the  latter  in  not  being  convertible  into  gallic  acid,  and  not  yield- 
ing pyrogallic  acid  by  dry  distillation.  It  is  precipitated  by  sulphuric  acid  in  red 
fi(xks.    (Stenhouse,  Ann.  Ch.  Pharm.  xlv.  16.) 

According  toRochleder  {ibid,  Ixiii.  202),  the  tannic  acid  of  black  tea  is  the  same 
AS  that  of  oak-bark. 


C*H**0*.  Quercin,  Sugar  of  Acorns.  (Braconnot,  Ann.  Ch.  Phy  s. 
[3]  xxvii.  392. — Dessaignes,  Ann.  Ch.  Pharm.  Ixxxi.  103  and  251.) — A  saccharine 
substance  contained  in  acorns.  To  prepare  it,  the  aqueous  extract  of  bruised  acorns 
is  freed  from  dissolved  tannic  acid  by  heating  it  with  lime ;  the  filtrate  is  left  to  fer- 
ment with  yeast,  to  remove  fermentable  sugar ;  the  filtered  liquid  is  evaporated  to  a 
syrup ;  and  the  crystals  which  separate  a^er  a  while,  are  washed  with  alcohol,  and 
recrystallised  from  water  or  weak  spirit. 

^ercite  forms  hard  monodinic  crystals,  grating  between  the  teeth.  It  is  permanent 
in  the  air,  and  does  not  alter  even  at  215^,  but  melts  at  235  ^  with  partial  sublimation 
and  slight  carbonisation.  It  dissolves  in  8  to  10  parts  of  water,  forming  a  solution 
which  takes  up  a  small  quantity  of  lime ;  also  in  hot  dilute  alcohol. 

Querdte  triturated  with  strong  sulphuric  acid^  forms  a  conjugated  acid,  the  calcium- 
salt  of  which  docs  not  crystallise.  By  hot  nitric  acid  it  is  converted  into  oxalic,  not 
into  mucic  acid.  A  mixture  of  nitric  and  sulphuric  acids  converts  it  into  nitroquer- 
cite,  which  is  a  white  amorphous  resin,  insoluble  in  water,  soluble  in  hot  alcohol, 
reduced  to  quercite  when  its  alcoholic  solution  is  treated  with  sulphydric  acid. 

With  baryta^  quercite  forms  a  compound  containing  C"H**0''.Ba*'0.2H*0.  It  forms 
a  white  precipitate  with  a  warm  solution  of  basic  lead-acetate  mixed  with  ammonia. 

Beneoquercite,  C^B*>0^  «  C*H"»0*.rC'H*0)«.— A  solid  neutral  compound  pro- 
duced by  heating  quercite  with  benzoic  acia  to  200°  in  sealed  tubes.  It  is  insoluble  in 
water,  soluble  in  ether  and  in  alcohol.  When  dissolved  in  absolute  alcohol  and 
treated  with  hydrochloric  acid  gas,  it  is  resolved  into  quercite  and  ethylic  benzoate. 
(Berthelot,  Compt.  rend.  xliv.  452.) 

Stearoquercite,  C«H»0^  «  C«H»»0».(C>»H»0)«,  is  a  white  solid  mass,  which 
reacts  like  the  preceding,  and  is  obtained  in  a  similar  manner.    (Berthelot.) 

Quercitartaric  acid,  C«H»^^0"  -  C«H>«0»  +  4C*H«0«  -  2H*0,  is  obtained 
like  dulcitartaric  add  (ii.  348)  from  querdte  and  tartaric  acid.  Its  caldum-salt, 
C«H«*Ca»0".2H^0,  gives  off  161  per  cent  water  at  110°.  (Berthelot,  Ann.  Ch. 
Phys.  [3]  Uv.  82.) 

QirssCZT&ZW.  Quercitric  Acid.  Quercimelin, — ^A  neutral  substance  occurring 
in  quercitron -bark,  the  bark  of  Quercus  tinotoria. 

Preparation. — 1.  The  bark  is  boiled  with  water,  the  decoction  is  left  to  cool,  and  the 
impure  quercitrin  which  separates  is  collected,  then  rubbed  to  a  pulp  with  alcohol  of 
36°  B.,  heated  over  the  water-bath,  collected  on  linen,  and  pressed,  whereby  theprindpal 
impurities  are  removed.  The  residue  is  dissolved  in  a  Isrser  quantity  of  boiling  alco- 
hol, the  solution  is  filtered  hot,  and  water  is  added  to  it  tul  it  becomes  turbid,  so  that 
the  greater  part  of  the  querdtrin  separates  before  the  liquid  is  quite  cold.  It  is  then 
collected,  pressed,  and  purified  by  a  repetition  of  the  same  treatment  (Bochleder, 
J.  pr.  Chem.  Ixxvii.  34).* — 2.  The  pulverised  bark  is  exhausted  with  six  parts  alcohol 
of  spedfic  gravity  0*84  in  a  percolator,  till  the  liquid  is  of  a  bright  wine-yellow  colour. 
The  tincture  is  fr^ed  from  tannic  acid  by  precipitation  with  washed  ox-bladder  or 
isinglass-solution,  and  filtered;  and  after  adding  water,  the  alcohol  is  distilled  off,  when  a 
quantity  of  brown  resinous  drops  first  separates,  and  afterwards  querdtrin  crystallises  out. 
The  crvstals  must  be  collected  before  remaining  too  long  in  the  mother-liquor,  then 
washed  with  cold  water,  and  dissolved  in  absolute  alcohol;  and  the  filtrate,  aiter  addi- 
tion of  water,  evaporated  till  it  crystallises  (Bolley,  Ann.  Ch.  Pharm.  xxxvii.  101 ; 
Ixii.  136. — Hi  gaud,  iUd.  xc.  283).— 3.  The  bark,  in  small  pieces,  is  exhausted  with 
boiling  alcohol ;  the  alcohol  is  distilled  off;  and  the  residue,  while  still  warm,  is  mixed 

*  The  quercitrin  remaining  In  the  bark  is  obtained  ai  quercetin  bj  decomposing  a  second  decortinn 
vith  hydrochloric  acid  in  the  colii,  then  filtering,  and  heatini;  to  the  boiling-point,  the  quercetin  then 
separating.  It  Is  to  be  filtered  whiUt  hot,  as  ailerwards  only  a  little  Impure  quercetin  is  deposited 
from  the  solution.    (Rochleder.) 
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with  a  littie  acetic  acid,  and  then  with  neutral  acetate  of  lead ;  the  filtrate,  freed  from 
lead  by  sulphydric  add,  is  evaporated ;  and  the  quercitrin  which  crystallises  is  purified 
by  repeated  crystallisation  from  alcohol  (Zwenger  and  Dronke,  Ann.  Ch.  Pharm. 
SuppL  i.  266). — Stein  (J.  pr.  Chem.  buucv.  3^1)  apprehends^  in  this  process,  a 
decomposition  of  the  quercitrin  by  the  free  acetic  acid. 

Properties. — Hydrated  quercitrin  forms  microscopic,  partly  rectangular,  partly 
rhombic  tablets  having  their  obtuse  lateral  edges  truncated  ;piBde-yellow  when  pulverisea. 
It  is  neutral,  inodorous,  tasteless  in  the  soUd  state,  bitter  in  solution,  permanent  in 
the  air. 

Air-dried  quercitrin  heated  to  100^  gives  ot£,  on  the  average,  5*74  per  cent,  water, 
and  when  heated  to  165^  for  some  time,  a  further  quantity,  amounting  altogether  to 
11*81  per  cent  of  the  air-dried  substance.  After  dehydration,  the  quercitrin  melts  at 
160°  to  a  dark-yellow  resin,  which  solidifies  to  an  amorphous  mass  on  cooling. 
(Zwenger  and  Dronke.) 

Hlasiwetz  and  Pfaundler  (Jahresb.  1864,  p.  564)  give  for  anhydrous  quercitrin 
the  formula  C"H*0",  and  state  that  it  forms  three  hydrates— C«»H"0".H«0, 
C"H»»0".2H*0,  and  C«H»»0".3H«0.  Several  other  formula  have  been  proposed  for 
quercitrin.  Hlasiwetz  at  different  times  assigned  to  it  the  formulae  C^H'^O"  and 
C»*H"0»  while  Zwenger  and  Dronke  regard  it  as  C»»H'K)".  It  is  by  no  means 
certain  that  the  so-called  quercitrins  examined  by  these  several  chemists  are  identical 
with  one  another  (p.  4).  [For  analyses  and  calculations,  see  Gmelin's  Handbook, 
xvi.  497.] 

Quercitrin  is  slightly  soluble  in  cold,  somewhat  more  soluble  in  boiling  water ; 
much  more  soluble  in  alcohol^  slightly  in  ether.  It  dissolves  also  in  warm  acetic  acid, 
in  dilute  aqueous  amrtumiaj  and  in  caustic  soda  ;  the  ammoniaical  solution  gradually 
deepens  in  colour  on  ezposnro  to  the  air. 

Quercitrin  is  almost  wholly  precipitated  from  its  solution  by  neutral  or  basic  acetate 
of  had,  the  precipitate  being  readilv  soluble  in  acetic  acid.  Aqueous  or  alcoholic 
quercitrin  is  coloured  dark-green  hy  Jerric  chic  ride,  even  when  diluted  to  4,000  or  5,000 
times  its  bulk  (Rigaud).  It  is  not  coloured  at  first  by  ferrous  chloride,  but  the  solu- 
tion turns  greenish  on  exposure  to  the  air.     (Zwenger  and  Dronke.) 

Decompositions. — 1.  Quercitrin  yields,  by  dry  distillation,  empyreumatic  products, 
together  with  yellow  crystals  of  qucrcetin,  and  leaves  a  light  difficultly  combustible 
charcoal. — 2.  Solutions  of  quercitrin  acquire  a  brown-red  colour  by  exposure  to  the 
air  (Boll ey).  Concentrated  nitric  add  produces  a  violent  evolution  of  nitric  oxide 
and  carbonic  anhydride,  and  forms  a  clear  red-brown  solution  containing  oxalic  acid 
(Rigaud).  Besides  a  large  quantity  of  oxalic  acid,  there  is  produced  a  trace  of  picric  acid 
(Zwenger  and  Dronke);  none  according  to  St  en  house(Ann.Ch.Pharm.xcviii.  179). 
Dilute  nitric  acid,  when  warmed  with  quercitrin,  produces  at  first  the  same  splitting- 
up  as  other  acids,  afterwards  more  complete  decomposition  (Rigaud). — 4.  Quercitrin, 
heated  with  oxide  of  manganese  and  sulphuric  acid  (B  o  1 1  ey),  with  chromate  of  potassium 
and  sulphuric  acid  (Rigaud),  yields  formic  acid. — 6.  The  dark-brown  precipitate  pro- 
duced by  nitrate  of  silver  in  solutions  of  quercitrin  is  quickly  reduced  to  the  metallic 
stiite  (Bo  1  ley).  Quercitrin  reduces  nitrate  of  silver  And  trichloride  of  gold  qrucklj 
in  the  cold,  cuprate  of  potassium  only  after  continued  boiling  or  long  standing 
(Zwenger  ana  Dronke). — 6.  Oil  of  vitriol  forms  with  it  a  solution  which  soon 
becomes  dark  and  black  (Rigaud). — 7.  Quercitrin  is  decomposed,  bv  boiling  with 
dilute  mineral  acids,  into  qucrcetin,  which  separates,  and  a  saccharine  substance, 
also  according  to  Rigaud  by  boiling  with  alum,  but  not  by  prolonged  heating  with 
acetic  acid.  The  decomposition  is  not  effected  by  emulsin  (Zwenger  and  Dronke). 
According  to  Hlasiwetz  and  Pfaimdler,  the  sugar  produced  isisodulcite,  C*H**0*, 

C«H*»0"  +  H»0     -     C"H"0»«  +   C^>«0«. 
Quercitrin.  Quercetin.  Isodulcite. 

100  pts.  of  anhydrous  quercetin  were  found  to  yield  25*5  pts,  isodulcite ;  calculation 
requires  264  pts.  Hlasiwetz  formerly  found  27"87  per  cent,  sugar,  which  he  regarded 
as  isomeric  with  glucose,  representing  its  formation  by  the  equation, 

C»H*0"    -     C«H'«0>«  +  C«H««0«  +  H»0, 

Quercitrin.  Queicetin.  Sugar. 

which  requires  27*4  per  cent.  Rigaud,  on  the  other  hand,  found  that  100  pts.  of 
quercitrin  yielded  on  the  average  44*35  pts.  sugar  and  61*44  quercetin,  and  Stein 
obtained  62*9  pts.  quercetin.  These  numbers  agree  approximately  with  the  equation 
given  by  Zwenger  and  Dronke : 

C'»H"»0»«  +   2H«0     «     C'*H'«0«   +   C«H"0«, 
Quercitrin.  Qucrceliu.  Sugmr. 
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which  requires  60*60  per  cent  quercetin  and  41*57  sugar.  The  great  divergences  in 
these  resxdts  seem  to  indicate  that  substances  differing  from  one  another  in  constitu- 
tion have  been  confounded  together  under  the  name  of  quercitrin. 

QITBRCXTAOJr*  A  yellow  dye-stuff  consisting  of  the  shavings  and  powder  of 
the  bark  and  alburnum  of  Qitercus  tinctoria^  Q.  nigra,  or  Q.  citrina,  a  kind  of  oak 
indigenous  in  North  America,  especially  in  Carolina,  Georgia,  and  Pennsylyania.  It 
is  used  in  America  for  tanning,  in  Europe  for  dyeing  only.  For  the  latter  purpose, 
the  aqueous  decoction  (which  contains  quercitrin)  mordanted  with  alum  or  stannic 
chloride  is  employed.  According  to  Leesching  (Rep.  of  Patent  Inventions,  Jan. 
1856,  p.  55),  a  product  of  greater  colouring  power  may  be  obtained  by  boiling  the  burk 
with  dilute  sulphuric  acid  or  hydrochloric  acid.  This  result  is  probably  due  to  the 
conversion  of  me  quercitrin  into  quercetin,  which,  according  to  Rigaud,  produces 
much  purer  and  brighter  colours  on  tissues  than  quercitrin. 

QVBBOUB.  Oak. — The  w  o o d  of  Quercus  aessiliflora  *  has  a  specific  gravity  of  0*65, 
And  in  the  air-dried  state  contains  48*8  per  cent,  carbon,  6*1  hydrogen,  and  451  oxygen 
(Schadler  and  Petersen,  Ann.  Chem.  Pharm.  xvii.  139).  Vogol  (N.  Jahresb. 
Pharm.  vii.  367)  found  49*5  C  to  5*3  H,  43*7  0,  and  1*6  ash  ;  in  the  mould  of  oak-wood 
52*5  C  to  50  H,  £0*6  O,  and  1*9  ash.  Sprengel  (J.  Tochn.  Chem.  ziiL  383)  found  in 
the  air  dried  wood  only  0*20  per  cent.  ash. 

The  leaves  of  the  oak  contain,  according  to  Sprengel,  48  pts.  water  and  52  pts.  dry 
substance,  25  pts.  of  which  are  soluble  in  water,  and  57  pts.  in  dilute  potash-ley.  Ac- 
cording to  Boussingault  (Ann.  Ch.  Phys.  [2]  Ixvii.  408),  100  pts.  of  the  dried  leaves 
contain  2*1  per  cent,  nitrogen,  and  according  to  Sprengel,  100  pts.  of  the  air-dried 
leaves  yield  5*06  per  cent.  ash. 

Oak -bark  contains,  besides  quercitannic  acid  (p.  6),  a  small  quantity  of  gallic 
add,  red  tannin-deposit  (oak-red),  wax,  pectin,  and  other  vegetable  constituents ;  it  also 
yields  2  per  cent,  ash,  consisting  of  lime,  magnesia,  oxides  of  iron  and  manganese, 
phosphoric,  silicic,  and  carbonic  acid.  The  proportion  of  soluble  constituents  in  geneml 
and  of  tannin  in  particular,  is  less  in  old  than  m  young  bark,  less  also  in  the  outer  than 
in  the  inner  bark.  Davy  (Gehl.  N.  Chem.  J.  iv.  343)  found  in  100  pts.  of  oak-bark, 

Inner  white  bark  of  old  oaks       .... 
Inner  white  bark  of  young  oaks  .... 

Entire  bark  in  spring 

Entire  bark  in  autumn 

Bark  of  oak  underwood 

Middle  coloured  bark 

Eehliuff  (Wurtemb.Gewerbebl.  1866, p.  77)  found  in  old  oak-bark  about  9 per  cent., 
in  bark  of  better  quality  from  13  to  16  per  cent.,  and  in  the  best  inner  l>ark  19  to  21 
per  cent,  tannin.  Mul  1  er  (Arch.  Pharm.  xxxviii.  266)  obtained  from  the  bark  of  stems 
two  or  three  years  old,  about  1 1  per  cent.,  and  from  that  of  older  stems  5  per  cent, 
tannin. 

The  barks  of  Quercus  seMUifiora^  Q.  peduneuiafa^  and  Q.  Ilrx  are  extensively  uped 
in  tannin.  Oak-bark  has  also  been  used  for  the  preparation  of  inks,  and  in  medicine 
for  its  styptic  and  astringent  qualities. 

Acorns,  Glandut  quercus ,  the  iiuit  of  the  oak,  have  been  examined  by  several 
chemists.  The  shell  or  cup  constitutes  about  one-fourth  of  the  entire  fruit.  Shelled 
acorns  contain,  according  to  Brandc,  20*3  per  cent,  starch,  2*9  tannin,  51*7  extractive 
matter  and  water,  7*1  wood-fibre,  and  18*0  per  cent  gluten.  The  results  of  analyses 
by  other  chemists  are  as  follows : 

Composition  of  shelled  acorns. 


Extractive 

Tannii 

matter. 

22-5 

150 

23-5 

16*0 

12-7 

60 

— 

4*4 

— 

66 

90 

40 

Starch         .... 

Uncrystallisable  sugar 

Gum  and  extractive  matter  . 

Nitrogenous  substances 

Tannic  acid 

Fixed  oil  ... 

Woody  fibre 

Water         .... 

Vegetable  mucilage,  gum,  woody  fibre,  &c     —  —         44*0 

*  Thif  1«  th«  common  oak  In  Germany  nnd  the  South  of  Europe,  and  ii  known  as  Qmercmt  Rour. 
In  England  the  latter  term  is  applied  to  Q.  pedmnemlata.^hSzh  \%  the  moat  common  at  the  present  duT  ; 
but  tn  former  times,  the  teitfla-firuited  oak,  which  it  a  larger  and  (incr  tree  and  produces  more  durable 
Umber  than  the  pedunctUated  tpecica,  wm  the  most  abundant  (ne  Pc$mg  Cgehpmiim^  article  Qustcua). 


LSwig. 

BraconnoC 

▼.  Btbnu 

38*0 

870 

34*9 

— 

70 

81 

6-4 

50 

^ 

_— 

15*0 

7*8 

9*0 

— 

7-0 

4*3 

3*3 

3*8 

1*9 

31*9 

— 

->- 

81*8 
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Braconnot  aIbo  found  citric  acid  and  qnercite  in  acoma.  According  to  y.  Bibra, 
they  also  contain  a  small  quantity  of  volatile  oil 

An  infusion  of  roasted  acorns  {acorn  coffee)  is  sometimes  recommended  as  a  tonic  and 
astringent.  The  roasting  conyerts  part  of  the  starch  into  dextrin,  and  forms  bitter 
matter  and  empyreumatic  oil. 

The  ash  of  acorns  has  been  analysed : — a.  By  Graham,  Stenhonse,  and  Campbell 
(Chem.  Soc  a  J.  ix.  33);  b.  by  Klein8chmidt(Ann.  Ch.  Pharm.l.  117),  with  the  fol- 
lowing resoltfl : — 

K«0.    N»«0.    CaO.      MgO.    Fe*0».  P«0».      8!0«.    80>.       CI.      C0«. 
«.       M-9         0  6         6-1         4-3         0-5        IM  I'O  4*8         9*5        13*7    8    99*6 

b,       64*6         0-5         6-9         5*6         1*4       17  0         1*0         S*7         0^6         —     b  100*3 

The  caps  of  the  acorns  of  Quercua  Mgilops  are  imported  from  Smyrna,  Cypms,  and 
other  places  in  the  Levant  as  Volonia  ;  they  are  Terr  rich  in  tannin,  and  are  therefore 
nsed  in  place  of  gall-nuta ;  they  likewise  contain  gallic  acid.  The  tannin  contained  in 
them  differs,  however,  from  gidlo-tannic  acid,  in  not  yielding  pyrogallic  add  by  dry 
distillation.    (Stenhonse.) 

The  cups  of  various  kinds  of  pak,  when  distorted  by  the  punctures  of  the  gall-wasp, 
form  the  so-called  oak-apples.  These  are  also  used  in  tanning,  but  they  contain 
only  a  small  proportion  of  tannic  acid.  The  true  gall-nuts  or  nut-galls  are  ez- 
cresences  produced  on  the  leaves  and  leafstalks  of  the  dyer^s  oak  (Quercus  infectoria), 
by  the  punctures  of  the  same  insect  (ii.  762). 

QVZCXSl&VBR.     Syn.  with  Mbrcitbt. 

Q17Z&&A.TA.  The  bark  of  QuUlaya  saponaria,  a  tree  growing  in  Mexico,  yields  a 
soapy  infusion,  which  is  used  for  washing.  It  contains  a  considerable  quantity  of 
saponin  ;  also  deposits  of  crystalline  oxalate  and  tartrate  of  calcium,  formerly  mistid^en 
for  sulphate.     (Fliickiger,  Jahresb.  1862,  p.  524;  1863,  p.  610.) 

QVZIiXJLTZW.  A  name  applied  to  saponin  from  quillaya-bark,  before  its  identity 
with  saponin  from  other  sources  was  recognised. 

QVZVAJrzUEBB.  or  Phenyl-quinamide.  C"H"NO»  =  N.C^"0».C«H».H. 
(0.  Hesse,  Ann.  Ch.  Pharm.  ex.  335. ") — This  compound  is  produced  by  heating quinic 
acid  with  excess  of  aniline  to  180°,  freeing  the  product  from  unaltered  aniline  by 
means  of  ether,  and  dissolving  the  residue  yn  ether-alcohoL  The  solution  on  cooling 
deposits  quinanilide  in  small  wliite  silky  needles,  containing  1  at.  water,  which  they 
give  off  at  90**.  It  melts  at  174°  (corrected),  and  decomposes  without  subliming 
when  heated  above  240^.  It  dissolves  easily  in  water  and  in  alcohol,  sparingly  in 
ether. 

QVlirCB.  Cydonia  vuf gains. — The  juice  of  quinces  contains  malic  acid.  Lancaster 
(Am.  J.  Pharm.  xxxi.  198)  obtained  16  grm.  crystallised  malate  of  lead  from  the 
acid  contained  in  453  grms.  of  the  fruit.  The  seeds  contain  a  large  quantity  of  mucilage 
(ii.  953). 

QUZVCZTB.  A  hydrated  silicate  of  magnesium,  occurring  near  the  village  of 
Quincey  in  France,  in  light  carmine-red  particles  disseminated  through  a  limestone 
deposit.  Contains,  according  to  Berthier,  64  per  cent,  silica,  19  magnesia,  8  ferrous 
oxide,  and  17  water  ( »  98).  Strong  concentrated  acids  dissolve  out  the  magnesia  and 
iron,  leaving  gelatinous  silica.     (Dana,  ii  281.) 

QUlJiBTZir.  The  name  given  by  Marchand  (J.  Pharm.  xiv.  247)  to  a  product 
which  he  obtained  by  oxidising  quinine  with  peroxide  of  lead  and  sulphuric  acid.  It 
was  not,  however,  a  definite  compound,  as  it  was  separable  by  water  into  a  red  bitt«r 
substance,  soluble  therein,  and  another  substance  insoluble  in  water  but  crystallisable 
from  alcohoL 


Green  Hydroqninone  (iii.  213). 

_  C'H*H)*.     Kink  acid.     Chinasiiure.    Acide  quinique.     (Hof- 

mann,  CrelL  Ann.  ii.   314 Vauquelin,  Ann.  Chim.   lix.   162. — Pelletier  and 

Caventou,  Ann.  Ch.  Phys.  [2]  xv.  340. — Liebig,  Pogg.  Ann.  xxi.  1;  xxix.  70. — 
Banp,  Ann.  Ch.  Phys.  [2]  li.  5. — "Woskresensky,  Ann.  Ch.  Pharm.  xxiv.  257. — 
Hesse,  Ann.  Ch.  Pharm.  ex.  194,  333;  cxii  52;  cxiv.  292;  Untersuchungen  Ober  die 
Chinangruppe,  Gottingen,  1860. — Clemm,  Ann.  Ch.  Pharm.  ex.  345. — Zweneer 
and  Siebert,  ibid.  cxv.  108;  SuppL  i  77. — ^Zwenger  and  Himmelmann,  Sfid, 
cxxix.  203.— Gm.  xvi.  222). 

1  his  acid  was  first  isolated  in  17S5  by  Hofmann,  an  apothecary  of  Leer,  from  the 
calcium-salt  of  cinchona-barkp,  already  known  by  the  researches  of  Hermbstadty 
Dcschamp,  and  others;  afterwards,  in  1806,  by  Vauqnelin. 

Occurrence. — In  the  true  cinchona*  barks,  in  the  bilberry  plant  (  Vaccinium  Myrtilhis), 
and  in  coffee-beans ;  also  in  the  leaves  of  the  coffee-plant,  and  of  the  common 
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holly  {Hex  Aquifolium),  of  Hex  paraguayensis^  privet  {lAgtutrum  imJgare\  ivy  {Hedera 
Helix)^  the  common  oak  {Q^ercu8  Robur\  the  evergreen  oak  (Q.  27«r),  the  common 
elm  (  Ulmns  campestris),  the  ash  (Fraxinus  excelsior),  and  Cyclopia  laHfolia,  inasmuch 
as  Stenhouse  (Phil.  Mag.  [41  vii.  21)  found  that  all  these  leaves,  as  well  as  cott'ee- 
beans,  when  distilled  with  sulphuric  acid  and  mansanic  peroxide,  yield  quinone,  which 
is  a  product  of  the  decomposition  of  quinic  add.  The  ericaceous  plants,  Calluna 
vulgaris^  Pyrola  umbelkUa,  Bhododendron  ferrugineum,  and  Arbutus  Uva  Ursi,  yield  by 
dry  distillation  hydroquinone,*  also  derived  from  quinic  acid,  or,  in  the  case  of  the 
arbutus,  probably  from  arbutin. 

Preparation  of  the  calcium'Salt, — a.  From  Cinchona-hark :  1.  The  liquid  obtained 
by  precipitating  the  sulphuric  acid  extract  with  milk  of  lime  in  the  preparation  of 
quinine  (p.  16),  is  evaporated  to  a  syrup,  decanted  from  sulphate  of  calcium,  and 
evaporated  over  the  water-bath  to  a  soft  extract ;  this  is  boiled  two  or  three  times 
with  alouhol ;  and  the  residue  is  dissolved  in  a  small  quantity  of  water.  The  solution, 
after  standing  for  some  days,  solidifies  to  a  crystalline  mass,  which  is  strongly  pressed 
and  purified  by  recrystallisation.  The  mother-liquor  yields  a  further  quantity  of  the 
salt  (Henry  and  Plisson). — 2.  A  decoction  of  cidchona-bark,  in  water  containing 
sulphuric  acid,  is  filtered  whilst  hot,  and  to  the  filtrate  freshly  precipitated  oxide  of 
lead  is  gradually  added,  until  the  liquid  becomes  neutral,  and  exhibits  no  longer  a  red  but 
a  pale-yellow  colour.  (If  too  little  oxide  be  added,  colouring-matter  remains  in  solu* 
tion ;  if  too  much,  basic  quinate  of  lead  is  thrown  down).  The  filtrate  is  freed  from 
lead  by  sulphydric  acid  and  filtered ;  milk  of  lime  is  then  added,  to  precipitate  the 
quinine  and  cinchonine ;  and  the  filtered  liquid  is  evaporated  to  a  syrup,  which  vields, 
on  cooling,  a  crystalline  mass  of  calcic  quinate  (Henry  and  Plisson). — The  deposit 
frequently  found  in  extract  of  cinchona  is  impure  quinate  of  calcium ;  it  may  be 
obtained  in  crystals  by  precipitating  an  aqueous  solution  with  neutral  acetate  of  lead, 
removing  the  excess  of  lead  by  sulphydric  acid,  and  evaporating.  (Oenicke,  Pharm. 
Centr.  1838,  p.  168.) 

/3,  From  the  Bilberry  plant, — The  fresh  plant,  collected  in  May,  is  boiled  in 
water  with  addition  of  lime ;  the  decoction  is  evaporated,  and  the  quinate  of  calcium 
thrown  down  by  alcohol.  The  glutinous  precipitate,  dissolved  in  water  containing 
acetic  acid,  is  freed  from  colouring-matter  by  addition  of  neutral  acetate  of  lead,  then 
filtered;  and  the  filtrate  (freed  from  leadj  is  evaporated  to  a  syrup,  from  which  the 
quinate  of  calcium  crystallises  after  some  aays.     (Z  w  e  n  g  e  r.) 

y.  From  Coffee-beans. — The  thoroughly-dried  (or  roasted)  and  coarsely-powdered 
beans  are  boiled  repeatedly  in  water ;  the  decoction,  after  being  mixed  with  milk  of 
lime,  is  concentrated,  first  over  an  open  fire,  and  later,  after  filtration,  on  a  water-bath, 
to  a  syrup ;  twice  its  volume  of  alcohol  is  then  added ;  and  the  precipitate  thereby 
formed  is  separated,  after  24  hours,  from  the  solution,  which  contains  caffeine.  The 
precipitate  is  washed  with  alcohol,  pressed,  and  dissolved  in  hot  water.  The  filtered 
solution  is  slightly  acidified  with  acetic  acid,  and  precipitated  with  neutral  acetate  of  lead, 
whereby  tannate  of  lead  and  other  substances  are  thrown  down ;  and  after  separating 
these  by  filtration,  the  quinic  acid  is  precipitated  by  basic  acetate  of  lead.  The 
lead-salt  thus  obtained,  after  being  washed  and  decomposed  under  water  with  sul- 
phydric acid,  yields  aqueous  quinic  acid,  which  is  converted  into  the  calcium-salt  by 
neutralisation  with  carbonate  of  calcium.   (ZwengerandSiebert) 

The  quinate  of  calcium  is  purified  by  repeated  crystallisation,  or  by  precipitating  it 
with  alcohol  of  sp.  gr.  0*849,  and  dissolving  in  alcohol  of  sp.  gr.  0*948. 

Separation  of  the  acid  from  the  calcium-salt. — 1.  A  solution  of  the  calcium-salt  in 
water  is  decomposed  by  an  exactly  equivalent  quantity  of  oxalic  acid,  filtered  from  the 
oxalate  of  calcium,  and  evaporated  to  crystallisation  (Yauquelin).  Hesse  employs 
a  slight  excess  of  oxalic  acid,  which  he  removes  from  the  filtrate  by  means  of  neutral 
acetate  of  lead;  the  excess  of  lead  is  then  removed  by  sulphydric  acid. — 2.  An 
aqueous  solution  of  the  salt  is  precipitated  by  basic  acetate  of  lead  ;  the  washed  pre- 
cipitate, suspended  in  water,  is  then  decomposed  by  sulphydric  acid ;  and  the  solution 
is  filtered  and  evaporated  (Ber2elius).---3.  The  calcium-salt  is  decomposed  by  an 
aqueous  or  alcoholic  solution  of  sulphuric  acid. 

Properties — Quinic  acid  crystallises  in  monodinic  prisms,  ooP  .  oP,  with  nPoo  and 
[nPoo]  subordinate;  sometimes  oP  predominates  so  far  as  to  give  the  crystals  a 
tabular  form.  Angle  ooP  :  ooP  «  146®  48';  <xP  :  oP  «  126°  45'.  Specific  gravity 
«  1*637  at  8*6°.  The  acid  does  not  lose  weight  at  100*^,  but  melts,  with  loss  of  water, 
at  161*6°  corrected  (Hesse;  Zwenger  and  Siebert);  at  155®  (Woskresensky), 
and  solidifies  on  cooling  to  a  hard  amorphous  mass.    It  exerts  a  left-handed  action 

*  The  hydroquinone  thiu  produced  was  regarded  bj  Uloth,  who  first  obtained  it  from  ericaceous 

E1ant«,  as  a  distinct  substance,  and  called  eridnone.      Hesse,  however.  suKvested  its  identity  with 
jrdroquinone,  and  the  correctness  of  this  view  has  been  demonstrated  by  Zwenger  and  Himmoim^nn. 
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on  polarised  lights  the  molecular  rotatoiy  power  beiug  greater  in  a  solution  prepared 
with  cold  than  in  one  prepared  with  hot  water,  leaat  of  allin  a  solution  of  the  fused 
acid.    (Hesse.) 

Quinic  acid  dissolves  slowly  in  2^  pts.  of  cold  waieTf  and  in  a  much  smaller  quantify 
of  boiling  water.  The  solution,  if  quite  pure,  may  be  evaporated  without  turning 
yellow.  The  acid  is  very  slightly  soluble  in  alcohol  of  94  per  cent,  but  dissolves 
easily  in  alcohol  of  ordinary  strength ;  it  is  nearly  insoluble  in  cold  ether. 

Decompositions. — 1.  Quinic  acid  heated  to  200^ — 225^  gives  off  water,  and  is  con- 
verted into  quinide,  C'H^O*  -»  C*H"0*  —  H*0.  Other  products  are,  however, 
formed  at  the  same  time :  for  the  calculated  loss  of  water,  according  to  the  preceding 
equation,  is  9*95  per  cent ,  whereas,  aecordiujz  to  Hesse,  10  per  cent,  are  given  off  at 
165^  and  more  than  13  per  cent,  at  220°.  Quinic  acid  which  has  been  heated  above 
200°  contains  small  quantities  of  carbohydroquinonio  acid  (iii.  214),  recognisable  by 
its  reaction  with  ferric  chloride  (Hesse). — 2.  The  acid,  when  quickly  heated  in 
contact  with  the  air,  bums  with  a  yellow  flame,  emitting  an  odour  Uke  that  of  burnt 
tartar. 

3.  Quinic  acid  subjected  to  dry  distillation  in  a  retort,  melts,  boils,  and  at  about  280^ 
turns  brown,  giving  off  water  and  a  gas  which  bums  with  a  pale-blue  flame.  At  s 
higher  temperature,  it  yields  a  sublimate  of  yellowish  prisms,  wnich  melt  and  condense 
to  an  oily  distillHte  containing  hydroquinone  (iii.  213),  benzoic  acid,  phenol,  benzene, 
and  pyrocatechin.*    The  formation  of  hydroquinone  is  represented  by  the  equa-acid : 

C'H'»0«     =     C«H*0«  +   CO   +   3HK). 

4.  Quinic  acid  dissolves  in  strong  sulphuric  acid  at  a  moderate  heat,  with  evolution 
of  carbonic  oxide  and  formation  of  disulpho-hydroquinonic  acid  (iiL  217): 

C'H'«0«  +   2S0«     =     C«H«S»0»  +   CO   +   8HK). 

Sulphuric  anhydride  and  fuming  sulphuric  acid  also  produce  disulpho-hydroquinonic 
acid,  but  carbonise  a  large  quantity  of  the  quinic  acid  (Hesse). — 5.  A  solution  of 
quinic  acid  in  aqueous  phosphoric  acid  gives  off  a  large  quantity  of  gas  when  con- 
centratcd,  and  forms  phospho-hydroquinonic  acid  (iii  217): 

C'H»«0«  +  H'PO*     =     C'HTO*  +   CO  +   4H-0  (Hesse). 

6.  Nitric  acid  converts  quinic  acid  into  oxalic  acid,  another  acid  which  has  not 
been  examined  being  also  formed  at  the  beginning  of  the  action. — 7.  The  aqueous  acid 
treated  with  peroxide  of  had  gives  off  carbonic  anhydride  and  yields  hydroquinone 

(  TT  PSA  ^1  * 

C'H'«0«  +  PbO»     «     C«H«0»  +   C0«  +   3H«0  +  PbO. 
8.  Quinic  acid  or  its  salts  distilled  with  sulphuric  add  and  peroxide  of  manganese, 
yields  a  yellow  crystalline  sublimate  of  qui  none : 

CH'^O*  +   O*     «     C«H*0«   +  CO'  +   4H'0. 

This  reaction  is  very  delicate,  and  will  indicate  the  presence  of  quinic  acid  in  a  few 
grammes  of  cinchonarbark.  For  this  purpose  the  bark  is  boiled  with  milk  of  lime, 
and  the  alkaline  filtrate  concentrated  by  evaporation  is  treated  in  a  small  cap- 
sule with  sulphuric  acid  and  oxide  of  manganese :  the  presence  of  quinic  acid  is  then 
immediately  indicated  by  the  puncent  odour  of  quinone  (p.  27),  (St  en  ho  use,  Ann. 
Ch,  Pharm.  liv.  100). — 9.  The  acid  distilled  with  peroxide  of  manganese^  stdphurio 
acid,  and  common  salt,  yields  a  distillate  containing  mono-,  di-,  tri-  and  tetra- 
chloroquinone  together  with  pentachloracetone.  The  same  products,  to- 
gether with  lower  chlorinated  acetones,  are  obtained  by  boiling  quinic  acid  with 
hydrochloric  add  and  chlorate  of  potassium  (Stadeler,  Ann.  Ch.  Pharm.  Itjt  300; 
cxi.  293);  also  earbohydroquinonic  add.     (Hesse.) 

10.  ^r&m;20  dropp^  into  aqueous  quinic  acid  converts  it  into  carbohydroqui- 
nonic  acid. 

11.  Quinic  acid  heated  for  several  hours  to  115° — 120°  with  saturated  aqueous 
ht/driodic  acid,  is  converted  into  benzoic  acid.  The  same  product  is  formed  when  a 
syrupy  solution  of  quinic  acid  is  distilled  with  4  at  diniodide  of  phosphorus.  When 
quinic  acid  is  heated  to  140^  with  hydriodic  add  and  phosphorus  (uie  addition  of 
which  prevents  the  action  of  free  iodine),  an  acid  is  produced  containing  6  at  hydrogen 
more  than  benzoic  acid.    The  reduction  appears,  therefore,  to  take  place  as  follows : — 

C'H"0«   +   SHI     -     C'H'«0«   +   4H«0   +   41* ; 

Quinic 
acid. 

and  C'H»»0*  +   4P       «     C'H«0«    +   6HI      +   P. 

Bfrizoic 
acid. 

•  Wo  h  1  cr  (Ann.  Ch.  Pharm.  xl».  Wl)  found  aUo  faltrylons  acid  ;   but  accordins  tn  Zwenger  oiid 
llkininelmano,  IbU  budy  dues  nut  occur  among  the  products  oriLsltllaiiou  of  quiolc  aiid. 
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Quinic  acid  in  the  form  of  calcium-salt  is  converted  in  the  animal  oxfianism  into  hip- 
purie  acid.     (Lautemann,  Ann.  Ch.  Pharm.  cxxt.  9.) 

12.  Quinic  acid  heated  with  aniiine  is  converted  into  quinanilide.   (Hesse,  p.  9.) 

Qulnates.  Quinic  acid  decomposes  carbonates.  It  is  monobasic,  the  general  for- 
mula of  its  salts  being  C^H"MO'.  No  acid  or  double  quinates  are  known,  but  basic 
quinates  of  barium,  lead,  iron,  and  copper  hare  been  obtained.  The  quinates  are  ior 
the  most  part  crystallisable,  and  have  a  neutral  reaction ;  with  the  exception  of  the 
basic  lead-salt  they  are  soluble  in  water,  but  insoluble  in  alcohol  stronger  than  32°  Bm., 
and  are  separated  from  their  solution  by  strong  alcohol  in  the  form  ot  glutinous  preci- 
pitates. Most  of  them  retain  their  water  of  crystallisation  at  100^.  By  dry  distillation 
they  yield  formic  acid  and  a  sublimate  of  quinone  (Woskresensky).  Quinic  acid 
acts  like  tartaric  acid  in  preventing  the  precipitation  of  metallic  oxides  by  alkalis. 
(Hesse.) 

Quinate  of  Ammonium  is  deliquescent,  and  gives  off  part  of  its  ammonia  on 
evaporation. — The  potassium-salt  is  bitter  and  deliquescent. — The  sodium-salt^ 
C^"NaO'.5H*0,  cnrstallises  in  six-sided  prisms  containing  14*5  per  cent,  water  of 
ciystallisation.    It  dissolves  in  half  its  weight  of  water  at  16°. 

Quinate  of  Barium,  C'*H«Ba''0'«.6H'0,  obtained  by  saturating  the  acid  with 
carbonate  of  iMurium,  crystallises  in  dodecahedrons  formed  by  the  junction  of  two  acute 
six-sided  pjrramids.  It  contains  17*4  per  cent,  water  of  crystallisation,  is  very  soluble 
in  water,  slightly  soluble  in  alcoh  o  of  83  per  cent. 

The  ealcium-saltt  C"H"Ca''O".10H*O.  occurs,  as  already  observed,  in  cinchona- 
bark,  and  is  precipitated  by  chloride  of  calcium  from  alkaline  quinates,  after  adding 
alcohol  and  ammonia,  and  leaving  the  mixture  to  stand.  It  crystallises  in 
rhombo'idal  plates  of  about  78^  and  112°,  often  becoming  hexagonal  by  truncation  of 
the  two  acute  angles,  and  easily  splitting  into  shining  laminse.  It  dissolves  in  G  pts. 
of  water  at  16°,  its  solubility  varying  greatly  according  to  the  temperature;  nearly 
insoluble  in  alcohoL  Contains,  according  to  Baup,  29*6  per  cent,  water  of  ciystallisa- 
tion, which  it  loses  at  100°  (calc  30*3  per  cent) ;  it  suffers  no  further  loss  of  weight  at 
120°. 

The  strontium-salt,  C^H^Sr'O'MOHK),  crystallises  in  tables  apparently  isomor- 
phous  with  the  calcium-salt,  but  distinguished  by  their  rapid  efflorescence,  and  the 
nacreous  aspect  which  they  assume  on  exposure  to  the  air.  It  dissolves  in  2  pts.  of 
water  at  12°,  and  in  a  much  smaller  quantity  of  boiling  water.  Contains  27*95  per 
cent,  water  of  crystallisation,  of  which  it  loses  three-tenths  by  efflorescence. 

The  magnesium-salt  IB  very  soluble,  and  forms  crystalline  efflorescences  like  cauli- 
flower-heads.— The  yttrium-salt  dries  up  to  a  gummy  mass. 

Quinate  of  Cadmium,  C"H"Cd"0'*,  forms  dirty-white  laminae  and  small  white 
crystalline  needles,  permanent  at  180°,  soluble  in  about  253  pts.  of  cold  water. — The 
cobalt-salt,  C"H*-Co''0**.5H*0,  separates  from  the  dark-red  solution,  after  it  has 
been  left  for  several  days  to  dry  up  to  a  syrup  and  then  diluted  with  water,  in  small 
red  nodules,  which  quickly  effloresce  and  assume  a  lighter  colour.  After  drying  over 
oil  of  vitriol,  or  in  the  air,  it  gives  off  5  at.  water  at  150°,  and  becomes  redoish-blue. 
Does  not  melt  when  burnt. 

Quinates  of  Copper. — a.  The  normal  salt,  C'^H^HDu^O",  is  obtained  by 
mixing  aqueous  quinic  acid  in  excess  with  hydrate  or  carbonate  of  copper,  and 
cooling  the  resulting  solution,  or  leaving  it  to  evaporate,  any  portion  of  green  basic 
salt  t^t  may  be  precipitated  at  the  same  time  being  removed,  and  the  neutral  salt 
crystallised  firom  water  containing  quinic  acid.  It  forms  pale-blue  laminse  or  needles, 
which  contain  5  at.  water  of  crystallisation,  and  give  off  two-thirds  of  it  in  contact 
with  the  air:  dissolves  in  about  3  pts.  of  cold  water,  the  solution  decomposing  on  stand- 
ing, and  more  quickly  when  heated,  with  separation  of  a  basic  salt. — /3.  A  basic  salt, 
C"H«Cu''0'«.Cu"H*0'.2H«0,orC'H'«Cu''0«.2H20,  is  obtained  :—l.  By  decomposing  the 
barium-salt  with  somewhat  less  than  the  equivalent  quantity  of  cupric  sulphate,  and 
adding  a  few  drops  of  baiyta-water  to  the  clear  filtrate,  which  then,  on  standing  or 
e^-aporating,  deposits  regular  crystals. — 2.  By  boiling  aqueous  quinic  acid  with  excess  of 
cupric  hydrate,  and  precipitating  the  filtrate  with  ether-alcohoL  In  this  mode  of 
preparation,  however,  it  is  difficult  to  separate  the  sparingly  soluble  salt  from  the  excess 
of  cupric  hydrate. — 3.  The  salt  is  likewise  formed  in  small  quantity,  with  evolution  of 
acetic  acid,  on  evaporating  a  solution  of  calcic  quinate  with  cupric  acetate.  Over  oil 
of  vitriol  it  gives  off  only  its  adhering  water  (Kremers),  amounting  to  between  1  and 
2*5  per  cent.  Between  100°  and  120°,  it  gives  off  all  its  water  of  crystallisation 
(Liebig),  and  decomposes  at  a  temperature  above  140°.  Dissolves  in  1150  to  1200 
pts.  water  at  18°. 

The  ferric  salt  ia  a  yollowish-red  gummy  mass,  easily  soluble  in  wat«r. 
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Lead-salts,— a.  The  normal  salt,  C'«H*'Pb"0'«.2H-0,  forms  needle-shaped  crys- 
tals soluble  in  alcohol  and  extremely  suluble  in  water. — $.  A  basic  salt,  C'*H'*Pb*0** 
or  C'U"Pb*0*,  is  deposited  as  a  white  bulky  precipitate  on  mixing  an  alkaline  quinate 
with  basic  acetate  of  lead,  or  on  adding  a  little  ammonia  to  Uie  boiling  solution  of  the 
normal  salt.  It  is  insoluble  in  boiling  water,  soluble  in  basic  acetate  of  lead,  and 
quickly  attracts  carbonic  acid  from  the  air. 

The  manganese-salt  ciystallises  in  rose-coloured  lamine. — ^The  mercuric  salt 
is  colourless,  uncrystallisable,  and  yields  on  desiccation  a  yellowish-red  residue, 
sparingly  soluble  in  water. — The  nickel-salt  \s  a  green,  gummy,  very  soluble  mass. 

Silver-salt,  C'H"AgO*. — On  adding  nitrate  of  silver  to  an  alkaline  quinate,  the 
mixture  blackens,  and  quickly  deposits  metallic  silver.  The  silver-salt  may,  however, 
be  obtained  by  saturating  a  weak  solution  of  the  acid  with  recently  precipitated  car- 
bonate of  silver.  The  solution  evaporated  in  a  vacuum  yields  mammellated  groups  of 
crystals,  which  are  perfectly  white,  but  easily  blacken  when  exposed  to  light. 

The  zinc-salt,  C'*H''Zn"0",  resembles  the  cadmium-salt  in  appearance,  but  is  veiy 
soluble  in  water. 

QUnnC  arBBB.  Ethylic  Quinate,  C»H"0«  -  C»H"{C»H'')0«,  obtained  by 
heating  quinate  of  silver  with  ethylic  iodide,  is  a  yellow  syrup,  viscid  at  mean  tempe- 
ratures, mobile  at  60^,  having  a  bitter  taste  and  aromatic  odour,  easily  soluble  in 
water  and  in  alcohol,  less  soluble  in  ether.  It  appears  to  distil,  partly  without  decom- 
position, between  240°  and  250^,  in  a  stream  of  carbonic  anhydride,  but  a  large  portion 
of  it  is  decomposed  with  intumescence  at  a  temperature  a  little  above  100°.  Heat«d 
on  platinum-foil,  it  first  volatilises  in  white  smoke,  and  ultimately  bums  away  with 
a  bright  flame.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QVZVZCnrB.  C^«H**N»q».  (Pasteur,  Coraot.  rend,  xxxvil  111  and  166.)— 
An  alkaloid  isomeric  with  quinine  and  quinidine,  and  produced  by  the  molecular  trans- 
formation of  either  of  those  bases.  It  is  prepared  similarly  to  cinchonicine  (i.  971),  by 
heating  sulphate  of  quinine  with  a  small  quantity  of  water  and  sulphuric  acid.  The 
salt  remains  fused  even  after  all  the  water  has  been  expelled ;  and  by  three  or  four 
hours'  heating  in  the  oil-bath  to  120° — 130°,  the  whole  mass  is  transformed  into 
sulphate  of  quinicine,  mixed  with  an  extremely  small  quantity  of  colouring-matter. 

Quinicine  is  insoluble  in  water,  but  very  soluble  in  absolute  alcohol  and  in  spirit  of 
ordinary  strength.  It  is  very  bitter,  possesses  febrifugal  properties,  and  is  precipitated 
from  its  solutions  by  alkalis  as  a  fluid  resin.  It  turns  the  plane  of  polarisation  to  the 
right.  It  unites  easily  with  carlx>nic  acid,  and  expels  ammonia  from  its  compounds 
at  ordinary  temperatures.  A  solution  of  quinicine  in  aqueous  racemic  acid  deposits  at 
flrst  chiefly  the  dextrotartrate,  whilst  the  lsevotartrat«  remains  in  the  mother-liquor. 
Quinicine  is  coloured  green  by  chlorine-water  and  ammonia,  though  less  strongly  than 
quinine.     (Herapath.) 

qUTMXOm  or  Quinic  Anhydride,  CH'^O*  «  (rH"0«  -  H«0.— Prepared  bv  heat- 
ing quinic  acid  to  220^ — 250^,  dissolving  the  residue  in  boiling  alcohol,  and  leaving 
the  clarified  solution  to  evaporate.  When  recrystallised  from  water,  it  forms  small 
crystals  resembling  sal-ammoniac.  It  has  an  acid  reaction,  di8K>1ves  easily  in  water, 
sparingly  in* dilute  alcohol,  and  in  presence  of  certain  bases  is  reconverted  into  quinic 
acid.     (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QUlMllOUfB.  C^H'^N  0'. — This  base,  isomeric  with  quinine,  exists  in  certain 
cinchona-barks  together  with  ouinine  and  cinchonine.  It  was  first  observed  in  1833,  by 
Henry  and  De  lend  re  (J.  Pharm.  xix.  633),  in  the  quinoidine  of  commerce,  in  which 
it  exists,  together  with  smaller  quantities  of  quinine,  cinchonine,  and  resin.  Van 
Heijningen,  however  (Ann.  Ch.  Pharm.  Ixxii.  302),  first  separated  it  from  this 
mixture  in  the  pure  state,  and  showed  that  it  is  isomeric  with  quinine.  Its  action  on 
polarised  light  has  been  studied  by  Pasteur  (Compt.  rend,  xxxvi.  26).  Several  of 
Its  double  Milta  have  been  prepared  and  examined  byStenhouse  (Proc  Roy.  Soc 
xii.  491). 

Occurrence. — In  cinchona-barks,  especially  in  some  of  the  yellow  barks  (Henry  and 
Delondre).  According  to  Howard  (Pharm.  J.  Trans,  v.  368),  it  occurs  in  certain 
varieties  of  Cinchona  condaminea,  more  especially  var.  pitayensis ;  according  to 
Henkel  (N.  Repert.  Pharm.  xiii.  200),  in  Cinchona  nitida,  together  with  cinchonine 
and  a  little  quinine.  The  root-bark  of  C.  Calisaya  contains  quinidine  and  a  small 
quantitv  of  quinine.  The  red  bark  of  C  officinalis,  C.  micrantha,  and  C.  succirvbra, 
grown  in  the  East  Indies,  and  taken  at  the  age  of  eighteen  months  or  less,  was  found 
to  contain  6  per  cent  of  alkaloids,  of  which  about  4  per  cent,  consisted  of  quinidine, 
cinchonidine,  and  quinine,  and  0*9  per  cent,  of  cinchonicine  with  traces  of  cinchonine 
^Howard).  According  to  Pasteur,  the  quinidine  of  commerce  is  for  the  most  part 
a  mixture  of  true  quinidine  with  a  second  base. 
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PreparaHon^ — Commercial  quinoidine  is  dissolved  in  the  smallest  possible  quantity 
of  ether;  the  filtrate  is  freed  from  ether  by  distillation  ;  the  residue  is  dissolved  in 
dilute  sulphuric  add ;  the  solution  is  decolorised  by  animal  charcoal,  and  precipitated 
by  ammonia ;  the  washed  precipitate  is  dissolved  in  ether ;  and  the  ethereal  solution, 
mixed  with  one-tenth  of  its  volume  of  alcohol  of  90  per  cent,  is  left  to  evaporate.  It 
then  deposits  crystals  of  quinidine,  which  are  purified  by  washing  with  alcohoL  The 
-mother-liquors  saturated  with  sulphuric  acid  yield,  first  crystals  of  sulphate  of 
quinidine,  and  afterwards  of  sulphate  of  quinine.  Quinoidine  thus  treated  yields  from 
60  to  60  per  cent,  of  quinidine.    (van  Heijningen.) 

De  Vrij  (J.  Fharm.  ^]  xxxL  183,  369)  dissolves  commercial  quinoidine  in  the 
smallest  possible  quantity  of  alcohol,  and  neutralises  the  solution  with  aqueous  hy- 
driodic  acid ;  whereupon  crystals  of  hydriodate  of  quinidine,  amounting  to  23  per  cent, 
of  the  quinoidine  employed,  soon  make  their  appearance. 

Properties, — Quimdine  separatee  from  its  hot  ethereal  or  alcoholic  solution  in  large 
transparent  monoclinic  prisms,  which  effloresce  and  become  opaque  when  exposed  to 
the  air.  They  contain  2  at.  »  10'8  per  cent,  water  of  crystallimtion,  wliich  they  give 
off  between  110^  and  130^.  The  anhydrous  base  melts  at  160^,  and  solidifies  in  a 
resinous  mass  on  cooling. 

The  composition  of  anhydrous  quinidine  is  as  follows : — 

Henry  and    ran  Heijningen. 


Calculated. 

Delondre. 

mean. 

StcnhouM. 

C»                 240 

7407 

74-44 

74-08 

74-04 

H«                   24 

7-41 
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7*44 

7-71 

N«                   28 

8-64 

8-68 

8-55 

0*                   32 

9-88 
10000 

9-78 
100-00 

9-93 
100-00 

C«»H»«N«0*  324 

Quinidine  (?  crystallised)  dissolves  in  1500  pts.  of  cold  and  750  pts.  of  boiline 
water  ;  in  3*7  pts.  of  hot  alcohol  of  ordinary  strength ;  in  45  pts.  of  absolute  alcohol,  and 
90  pts.  of  cold  ether  (van  Heijningen).  Its  solution  in  absolute  alcohol  turns  the 
plane  of  polarisation  strongly  to  the  right;  [aj  »  250*75^  for  the  transition  tint 
(Pasteur).  This  property  distinguishes  quimdine  from  quinine,  which  is  Isevo- 
rotatory. 

According  to  Kerner  (Zeitschr.  Anal.  Chem.  i.  152),  there  are  three  varieties  of 
quinidine — ^viz. :  a.  Slightly  soluble  in  lukewarm  ether,  crystallising  from  alcohol  in 
large  slowly  efflorescent  prisms,  forming  a  sulphate  which  dissolves  in  180  to  300  pts. 
of  cold  water. — fi.  Much  more  soluble  in  ether;  crystallises  from  alcohol  in  small 
needles;  sulphate  soluble  in  10  to  110  pts.  water,  the  solution  yielding  a  pulverulent 
precipitate  with  iodide  of  potassium,  whereas  the  sulphates  of  aU  other  cinchona-bases, 
except  quinine,  yield  oleo-resinous  precipitates  with  iodide  of  potassium. — y.  Still  more 
soluble  in  ether ;  the  sulphate  has  the  same  solubility  as  that  of  the  a  modification. 

Decompositions. — 1.  Quinidine  hums  on  platinum-foil  with  an  aromatic  odour  like 
that  of  melilot,  and  partly  volatilises. — 2.  Quinidine-salts,  when  heated,  are  converted 
into  salts  of  quinicme  (p.  13).  Chl^yrine-water  and  ammonia  colour  quinidine  green, 
even  in  solutions  containing  only  ^^th  of  the  alkaloid  (Pasteur ;  Herapath).  In 
concentrated  solutions  a  precipitate  is  formed,  which  is  not  the  case  with  quinine 
(Herapath).  Chlorine'Water,  ferricyanide  of  potassium,  and  ammotua,  added  in 
succession  to  salts  of  quinidine,  produce  a  permanent  bulky  precipitate;  whilst  the 
same  reagents  produce,  with  salts  of  quinine,  only  a  red  coloration,  which  quickly 
disappears  (Schwarzer,  N.  Jahrb.  Pharm.  xxiii.  348).— Quinidine  forms  with  iodine 
and  sulphuric  acid  a  compound  corresponding  to  sulphate  of  iodoquinine  (p.  25). 
— Quinidine  heated  for  half  an  hour  with  iodiws  of  ethyl,  forms  hydnudate  of  ethyl- 
quinidine.     (St  en  house.) 

SaltsofQuinidin  e. — Quinidine  forms  mono  •  and  di-acid  salts,  which  resemble  the 
salts  of  quinine,  but  are,  for  the  most  part,  more  easily  crystallisable.  The  sulphates, 
the  mono-acid  hydrochlorate,  and  the  oxalate  exert  a  powerful  action  on  polarised 
light  (Herapath).  These  salts  are  in  some  cases  more  soluble  than  the  corresponding 
salts  of  quinine,  so  that  oxalic,  acetic,  and  tartaric  acids  do  not  precipitate  soluble 
quinidine-salts.  The  hydrochlorate  and  nitrate  are  more  difficultly  soluble.  With 
excess  of  acid  the  salts  are  as  highly  fluorescent  as  those  of  quinine.  The  precipitate 
thrown  down  by  ammonia  in  their  solutions  dissolves  far  less  easily  than  quinine,  but 
more  easily  than  cinchonidine,  in  excess  of  ammonia.    (RiegeL) 

Acetate  of  Quinidine  crystallises  from  its  syrupy  solution  in  fine  transparent 
crystals. 

The  hydrobromate  precipitated  by  bromide  of  potassiam  from  the  sulphate  or 
hydrochlorate  is  soluble  in  200  pts.  water  at  14^. 
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Hifdrochlorate$,—Die  numo-aeid  or  neutral  soft,  C^H'WO^^Cljis  obtfuned  by 
dissolving  the  buse  in  hjdrochloric  Acid,  or  by  predpitatiDg  a  cold  saturated  solution 
of  the  sulphate  with  chloride  of  sodimn,  in  crystals  containing  1  at.  water,  which 
they  giTe  off  at  1 2(P.  It  dissolves  easily  in  water  and  in  alcohol  (vanHeijningen). 
The  acid  salt,  C^H'^N*0^2HC1,  is  prodnced  by  exposing  qninidine  to  the  action  of 
hydrochloric  acid  gas,  100  pts.  of  the  base  taking  np  22*52  pts.  of  the  acid  (calc. 
ss  21*01  pts.).    Its  aqueoos  solution  yields  large  fine  crystals,    (ran  Heijningen.) 

Ckhro-auraU,  C»b"NK)«.  2  H  CI.  2 A  uCl».— Pale-yellow  precipitate,  melting  and 
turning  brown  when  heated  to  116^,  or  boiled  with  water.     (Stenhouse.) 

Ckloromereurate,  C»H«*N«0«.2HCLHg''Cl«.— White  precipitate,  separating  from  a 
solution  in  boiling  alcohol  in  pearly  laminse.  It  melts  under  boiling  water ;  dissolves 
slightly  in  cold,  more  easily  in  hot  water,  and  especially  in  water  containing  hydro- 
chloric acid,  from  which  last  solution  it  is  occasionally  deposited  in  the  form  of  a  reeixL 
(Stenhouse.) 

Ch/oroplaHnats,  C»H«*N«0«.2HCl.Pt''Cl*.2H«0.--Precipitated  immediatelyfrom  cold 
concentrated  solutions,  in  crystals  after  a  while  from  hot  or  dilute  solutions ;  decom- 
poses at  200°,  with  an  odour  of  white-thorn ;  dissolves  with  difficulty  in  water,  either 
cold  or  boiling ;  gives  off  4*86  per  cent  water  at  100°. 

Chlorojnncatea Slightly   acid   solutions  of  chloride  of  sine  throw   down   from 

alcoholic  quinidine  a  granolar  powder,  slightly  soluble  in  cold  and  in  boiling  water, 
easilv  soluble  in  dilute  hydrochloric  acid.  The  easily  formed  solution  of  the  precipi- 
tate in  alcohol  of  50  per  cent  yields  crystals  resembling  calc-spar,  and  containing  26*7 
per  cent  of  chlorine  (C*H««NK)«.2HCl.Zn''Cl«  -  2665  per  cent.  CI) ;  when  reciystal- 
lised,  the  compound  gives  up  hydrochloric  acid  and  chloride  of  zinc,  and  is  ultimately 
transformed  into  large  hexagonal  tables  and  prisms.  The  latter  contain  7*44  per  cent, 
of  rinc  at  100°,  and  are,  therefore,  2(C»H"NH>«.HCl).Zn"CP  (calc  -  7-58  per  cenU 
zinc.    (Stenhouse.) 

HydriodattB. — The  manO'^cid  or  neutral  salt  is  thrown  down  by  iodide  of  potas* 
stum  from  sulphate  or  hydrobromate  of  quinidine,  as  a  white  granular  precipitate, 
which  dissolves  in  1250  pts.  water  at  15^,  and  separates  from  a  boiling  saturated  solu- 
tion in  small,  white,  very  hard  crystals  (De  Vrij).  The  diadd  salt  has  a  pale-yel- 
low colour,  and  dissolves  in  00  pts.  water  at  15^.    (De  Vrij.) 

Nitrate. — Large,  flat,  shining  crystals,  (van  Heijningen.) 
Argento-nitrate,  C'«H**N*0*.AgN6". — An  alcoholic  solution  of  quinidine  mixed  with 
nitrate  of  silver  solidifies  to  a  mass  of  fine  needles,  which  may  be  recrystalliHod  from 
boiling  water  containing  nitric  acid.  It  then  forms  fine  silky  needles,  having  a  silvery 
lustre  when  dry.  When  recrystallised  from  alcohol,  it  decomposes  with  separation 
of  silver.    (Stenhouse.) 

OUate, — Quinidine  behaves  like  quinine  (p.  21),  with  oleic  acid  and  olive  oiL 
(Attfield.) 

Oxalates. — By  neutralising  oxalic  acid  with  quinidine,  a  neutral  salt^ 
2C»H-*NK)*.C*H«0*.H«0,  is  obtained  in  small  brittle  crystals,  nearly  insoluble  in  cold 
but  freely  soluble  in  boiling  water  (Stenhouse).  According  to  van  Heijningen,  on 
the  other  hand,  the  salt  thusobtained  is  kh  acid  salt  containing  C*»H**N*0*.C«HH>.H*0. 

Pier  ate. — A  solution  of  quinidine  in  boiling  picric  acid  deposits  on  cooling  a  resin, 
which  does  not  crystallise  by  evaporation  from  solution  in  alcohol     (Stenhouse.) 
The «ucctn a ^«  forms  pearly  prisms.     (Henry  and  Delondre.) 

Sulphates.— The  neutral  mdt,  2C»»H«N«0«.H^O*.6H*0,  is  very  much  like  the  cor- 
responding quinine-salt,  but  more  woolly.  It  dissolves  at  10°  in  350  pts.  water,  and  in 
32  pts.  ab^lute  alcohoL  Gives  off  12*6  per  cent  water  at  130°  (calc.  for  6  at  »  12*84 
per  cent). 

The  acid  sulphate  is  crystaUisable  and  very  soluble  in  water,  (van  Heijningen.) 
Sulphate  of  lodoquinidine. — When  a  dilute  solution  of  di-acid  sulphate  of  quinidine 
is  heated  to  70°  or  80°  with  one- third  or  half  its  volume  of  alcohol,  and  a  little  tincture 
of  iodine  is  added,  long  four-added  prisms  of  a  deep  garnet-red  colour  crystallise  out. 
The  crystals  are  purple-red  by  reflected  and  dark  brown-red  by  transmitted  light,  and 
polarise  light  like  the  corresponding  quinine-salt  (p.  25).  They  dissolve  in  121  ptsi 
of  cold  and  31  pts.  of  boiling  alcohol,  from  which  they  are  predpitated  by  water  in 
tiie  form  of  a  cinnamon-brown  powder.  They  contain  82*76  per  cent.  C,  4*44  N, 
3*98  H,  6*34  SO",  and  89*78  I,  corresponding,  according  to  Herapath,  to  the  formula 
C**IPH**0*P.SO*.HO  +  5  aq.— Other  and  optically  different  crystals  are  obtained 
when  tincture  of  iodine  is  dropped  into  a  strong  solution  of  di-acia  sulphate  of  quini- 
dine mixed  with  30  or  40  volumes  of  alcohol  at  a  temperature  below  70^.  (Herapath, 
Chem.  Soc.  Qn.  J.  xi.  139.) 

Tannats  of  Quinidine, — ^Aqueous  quinidine  forms  a  white  precipitate  with 
tannic  acid. 
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Tartrate  of  Quinidine. — Pearly  crystalfl,  obtained  in  the  same  way  as  tho 
oxalate  (y an  Heijningen).  The  dextro-  and  Iflevo-tartratea  undergo  the  same 
IraDsformation  as  the  quinine-BaltB  when  heated.    (Pasteur.) 

Tartrate  of  Quinidine  and  PotoMium. — Quinidine  and  cream  of  tartar  yield  crystalB 
soluble  in  alcohol    (Henry  and  Delondre.) 

(C^H^O*)"  ) 

Tartrate  of  Quinidine  and  Antimony,  C  »H«'NK)«.C*H»(SbO)0«  -  C»H»N«0«  \  (>•, 

SbO  j 
— 1.  Mono-acid  tartrate  of  quinidine  is  boiled  for  some  hours  with  fireshly  precipitated 
oxide  of  antimony,  and  the  filtrate  is  left  to  evaporate. — 2.  Powdered  quinicUne  is  added  to 
H  cold  saturated  aqueous  solution  of  tartar-emetic ;  the  li(^uid  is  heated  to  boiling ;  and 
the  excess  of  quinidiuei  together  with  the  precipitated  oxide  of  antimony,  is  separated 
by  filtration  from  the  solution  of  the  double  salt  and  neutral  tartrate  of  potassium. 
Long  slender  needles,  which,  after  drying  in  a  vacuum,  lose  ^  to  1  per  cent,  of  water  at 
100°.  Bissolyes  slightly  in  cold,  easily  in  hot  water,  and  easily  also  in  boiling  alcohol, 
from  which  it  crystallises.     (Stenhouse.) 

Btliylqiiliildlme,  C^W^H)*  =  C?«'H«(C^»)NK)«.— Not  known  in  the  free  state. 
The  hydriodate^  C-''H"N20*.HI,  is  obtained  by  heating  quinidine  with  excess  of  ethylic 
iodide,  and  crystallises  from  boiling  dilute  alcohol  in  long  silky  needles,  nearly  insolu- 
ble in  water.  On  removing  the  iodine  by  oxide  of  silver,  and  filtering,  a  bitter  alkaline 
solution  is  obtained,  which  absorbs  carbonic  acid  but  yields  no  cr>'6ta]8.  On  decomposing 
the  hydriodate  with  chloride  of  silver,  and  treating  the  filtrate  with  platinic  chloride., 
chloroplatinate  of  efhylquinidine,  C-**H*'N^0*.2HCl.Pt''Cl*,  is  precipitated  hs  a  pale- 
yellow  powder,  wliich  aissolves  very  slightly  in  water  either  hot  or  cold,  more  freely 
in  hot  dilute  hydrochloric  acid.    (Stenhouse,  Ann.  Ch.  Pharm.  cxxix.  20.) 

Sulphate  of  lodethylquinidine  is  obtained  in  the  same  manner  as  the  corresponding 
quinine-compound.    (Herapath,  p.  25.) 

QUXJilJirB.  C**H**N'0*.  CJUnin,  The  cinchona  resin  of  the  older  chemists. — 
The  memoirs  cited  imder  Cinchonine  (i.  973)  relate  also  to  quinine ;  see  also  Pasteur 
(Compt  rend,  xxxvi.  26;  xxxvii.  110,  162;  Jahresb.  1853,  p.  419;  Schiitsenberger 
(Ann.  Ch.  Pharm.  cviii.  347,  350;  Jahresb.  1858,  p.  369). — On  quinine  alone:  Robi- 
quet  (Ann.  Ch.  Phys.  [2],  xvii.  316);  Stratingh  (Repert.  Pharm.  xv.  139); 
Pelletier  ^J.  Pharm.  xi.  249);  Duflos  (Berz.  Jahresb.  xxvii.  1,  110);  Strecker 
(Ann.  Ch.  Pharm.  xci.  155 ;  Jahresb.  1854,  p.  505). 

This  alkaloid,  the  most  important  constituent  of  the  true  cinchona-barks,  on  account 
of  its  tonic  and  antifebrile  properties,  was  first  obtained,  but  in  an  impure  state,  by 
Gomez  of  Lisbon,  and  by  Ffaff  in  1811  ;  Pelletier  and  Caventou,  in  1820,  succeeded 
in  separating  it  from  the  other  constituents  of  the  bark,  and  examined  many  of  its  pro- 
perties; and  its  composition  was  established  by  Liebig  in  1838. 

The  proportions  of  quinine  and  of  the  other  alkaloids  in  various  kinds  of  cinchona- 
barks,  as  determined  by  different  analysts,  have  already  been  given  in  the  article 
CorcHONA-BABKS  (i.  970).  The  following  table  exhibits  the  average  results  of  the 
several  determinations  of  the  quantities  of  quinine  and  cinchonine: — 

1.  Brown  or  Ghrey  barks: 

Huanoco      .  .  0*4    per  cent  quinine,  1*7    per  cent,  dnchonine. 

Loxa    .        .  .  0*35  „  0*34  „ 

Pseudoloxa  .  .  0*35  „  0*66  „ 

Huamalies   .  .  0*3  „  0*8  ,, 

Jaen  pallida  .  0*56  „  0*60  „ 

2.  Yellow  or  Orange  barks: 

Boyal  or  Calisaya  bark. 

a.  plana      .        .  2*2    per  cent  quinine,  0*28  per  cent  cinchonine. 

b.  convoluta  .  1*1  „  0*42  „ 
Cinchona  flava  fibrosa  1*05  „  0*83  „ 
Cinchona  flava  dura  0*54  „  0*48  „ 
Pitaya          .        .  1*68  „  0*90  „ 

3.  Bed  bark: 

Cinchona  rubra    .        0*91  per  cent  quinine,  1*05  per  cent  cinchonine. 

According  to  M'lvor,  a  covering  of  moss  on  the  bark  during  its  growth  increases  the 
percentage  of  the  alkaloids ;  and  this  observation  has  been  confirmed  by  Be  Vrjj,  who 
found  in  a  young  bark  covered  with  moss,  8*4  per  cent  of  alkaloids. 

The  extraction  of  quinine  and  cinchonine  from  cinchona-barks,  by  treating  the  bark 
with  a  dilute  acid,  and  precipitating  with  lime  or  carbonate  of  sodium,  has  been 
already  described  under  Cinchonine  (i.  973) ;  also  the  usual  methods  of  separating  the 
two,  depending:  a.  On  the  greater  solubility  of  sulphate  of  cinchonine  in  water,  and 
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the  greater  facility  of  crystallisation  of  the  qninine-salt. — 0.  On  the  greater  solhbility 
of  quinine  in  cold  alcohol,  and  in  ether.  Thiboumery  (J.  Pharm.  [3]  xvi.  369) 
extracts  the  alkaloids  from  the  lime-precipitate  with  oil  o(  turpentine  or  coal-oil, 
instead  of  alcohol ;  Herring  uses  benzene  for  the  same  purpose.  These  liquids  dissolve 
the  quinine,  with  reiy  little  cinchonine,  and  give  it  up  again  to  dilute  acids :  they  hare 
the  advantage  of  taking  up  less  of  the  colouring-matter  than  alcohol  does.  When  the 
alkaloids  have  been  precipitated  by  carbonate  of  sodium,  hot  fatty  oils  may  also  be  used 
fur  the  extraction.  [For  other  methods,  see  GmditCa  Handbook^  xvii.  266.  For  the 
quantitative  estimation  of  the  alkaloids,  in  cinchona-barks,  see  the  same  work,  xrii. 
268 ;  also  this  Dictionary,  i.  968.] 

Properties. — Quinine  is  precipitated  by  an  alkali  from  the  solutions  of  its  salts,  as  a 
white  curdy  hydrate,  porous  and  friable  when  dry,  agglutinating  when  heated.  By 
fusion  in  a  vacuum,  or  dj  prolonged  heating  to  120"*,  it  may  be  deprived  of  its  combined 
water,  leaving  a  white  opaque  mass,  which  has  a  crystalline  surface  and  concentric 
radiated  fracture,  becomes  strongly  negatively  electric  when  rubbed,  and  melts  to  a 
transparent  liquid  at  a  higher  temperature. 

Quinine  is  permanent  in  the  air,  inodorous,  very  bitter,  and  antifebrile.  According 
toKobin  (Compt.  rend,  xxxii.  650),  it  prevents  putrefaction.  It  restores  the  blue 
colour  of  reddened  litmus.     In  alcoholic  solution  it  exerls  a  left-handed  action  on 

rUirised  light:  [o]  -  -  141-33<»  at  26®  for  the  red  ray  (De  Vrij  and  Alluard, 
Pharm.  [3]  xlvi.  192) ;  -  -  12l-6o  at  22-5®  and  -  129o6o  at  16^  weaker  therefore 
in  warm  than  in  cold  solutions.  Acids  increase  the  rotatory  power ;  ammonia  restores 
it  to  its  oriffinal  amount  fBouchardat,  Ann.  Ch.  Phys.  [3]  ix.  213).  For  solutions 
of  quinine  in  acetic  or  sulphuric  acid,  [a]  »  287*16°  at  24*^  for  the  transition-tint ; 
therefora  220*  15°  for  the  red  ray.  (De  Vrij  and  Alluard.) 
The  composition  of  anhydrous  quinine  is  as  follows : 
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100*00 

10000 

10000 

Pelletier  and  Dumas  gave  the  formula  C^B^^NCf ;  Regnault  C*^H^^"*0* ;  Laurent 
CH"S*0*  or  C'*H'"N'-0*.     The  correct  formula  was  deduced  from  Liebig's  analyses. 

Quinine  forms  two  hydrates,  containing  respectively  one  and  three  atoms  of 
water. 

o.  Tnhydrate,  C*H"N-0«.3H«0.—This  is  the  ordinary  hydrate  obtained  by  precipi- 
tation. When  a  dilute  solution  of  quinine-sulphate  mixed  with  excess  of  ammonia  is 
left  to  evaporate,  slender  needles,  consisting  of  the  same  hydrate,  gradually  form  on 
the  surface ;  when  dried,  however,  they  present  the  appearance  of  an  amorphous 
powder.  A  solution  of  quinine  in  absolute  alcohol  leaves  on  spontaneous  evaporation 
a  resinous  mass,  containing  a  few  needles  of  the  trihydrate,  but  it  does  not  cr^'stallise 
readily  from  alcohol ;  the  ethereal  solution  of  quinine  leaves  nothing  but  a  resinous 
mass. 

/3.  Mo9iO'ht/drate,  C*H'*N'0*.H'0. — ^When  the  amorphous  trihydrate  freshly  precipi- 
tated and  washed  is  exposed  to  the  air  and  frequently  moistened,  it  is  slowly  trans- 
formed into  crystals  of  the  mono-hydrate,  which  dissolve  in  warm  alcohol,  crystiillise 
again  on  cooling,  and  give  up  their  water  at  130°  (VanHeijningen,  Jahresb.  1849, 
p.  374).  This  hydrate  constitutes  Van  Heijningen's  y-quinine.  It  dissolves  less 
easily  than  ordinary  quinine  in  alcohol,  and  is  said  to  form  a  neutral  sulphate  different 
from  the  ordinary  salt.  De  Vrij  (N.  Jahrb.  Pharm.  xiv.  268)  did  not  succeed  in 
preparing  it. 

Quinine  dissolves  in  364  pts.  of  cold  water  (Duflos);  in  480  pts.  water  at  18-75® 
(Abl);  in  200  pts. of  boilingwater  (Pelletier  and  Caventou);  267 pts. (Duflos). 
It  is  rery  soluble  in  alcohol,  and  dissolves  in  ether^  much  more  easily  than  cinchonine. 
It  dissolves  also  in  volatile  oils^  fixed  oils,  and  chloroform.  It  is  not  quite  insoluble  in 
aqueous  alkalis,  especially  when  recently  precipitated  from  its  salts.  According  to 
Duflos,  however,  it  is  precipitated  from  aqueous  solution  by  alkalis  and  alkaline  carbo* 
nates,  so  that  the  presence  of  acids  probably  influences  its  solubility.  It  dissolves  in 
2, 1 46  pts.  of  linu-'water.    (Calvert.) 

Decompositions. — 1.  Quinine  when  strongly  heated  in  the  air  turns  brown,  buma 
with  flame,  evolving  an  aromatic  odour,  and  leaves  a  bulky  easily  combustible  charcoaL 
— 2.  Solutions  of  quinine-salts  turn  brown  in  sunshine.— Z,  They  are  violently  acted 
upon  by  the  electric  current  (Hlasiwetz  and  Rochleder). — 4.  With  aqueous  nitrite 
of  potassium,  sulphate  of  quinine  evolves  nitrogen,  and  is  converted  into  oxyquinine 

V0L.V.  C 


18  QUININE. 

(Schutzenbereer,  it.  320). — 5.  A  solution  of  quinine  in  strong  nitric  acid  becomes 
coloured  on  heating  (Riegel),  without  forming  picric  acid  (Liebig).— 6.  A  solution 
in  oil  of  vitriol  immediately  colours  chromnte  of  potassium  dark-green,  with  evolution 
of  gas  (Riegel  and  Eboli). — 7.  Permmiganate  of  potassium  acts  upon  quinine  in  the 
cold,  and  more  completely  at  boiling  heat,  forming  carbonate  and  nitrate  of  potassium, 
and  a  peculiar  acid  (Cloez  and  Quignet,  Compt.  rend,  xlrii.  710). — 8.  Peroxide  of 
Uadco\o\xn  a  solution  of  quinine  in  sulphuric  acid  grey-brown  (Riegel).  "When  a 
solution  of  quinine-sulphate  is  boiled  with  peroxide  of  lead,  and  dilute  sulphuric  acid 
is  gradually  dropt  into  it,  a  red  substance  called  qui  net  in,  partly  soluble  in  water, 
is  produced.     (Ma  re  hand,  p.  9.) 

9.  lu  contact  with  zinc  and  dilute  sitlphurtc  acid,  quinine  takes  up  1  at.  of  water, 
and  is  converted  into  hydroquinine,  C*'H*'N-0*  (Schiitzenberger). — 10.  When 
heated  to  240°  or  260°  with  water  in  a  sealed  tube,  it  fonns  chinoline.  (Reynoso, 
Compt.  rend.  xxiv.  796.) 

11.  The  solution  of  quinine  in  oU  of  vitriol  acquires  a  yellowish-brown  colour  when 
hejited  (Riegel);/M;«fn^  sulphuric  acid,  colours  quinine yellowish-gri'cn  (Schlieken- 
kamp),  forming  quinine-sulphuric  acid  (»Schiitzenberger).— Salts  of  quinine 
heated  alone,  or  with  sulphuric  acid  and  water,  are  converted  into  salts  of  quinicina 
(p.  13*.  Pasteur). 

12.  Quinine  assumes  a  dirty-yellow  colour  in  vapour  of  iodine  (Donne).  When 
triturated  with  iodine,  it  forms  a  brown  compound,  which  appears  to  be  identical  with 
the  precipitate  formed  on  adding  a  solution  of  iodine  in  iodide  of  potassium  to  a 
quinine-salt.  Quinine  is  decomposed  by  aqueous  periodic  acid,  with  liberation  of 
iodine  (Bodeker).  When  quinine,  or  its  sulphato,  is  warmed  with  an  equal  quantity 
of  iodic  acidf  an  explosive  evolution  of  gas  takes  place.  (Brett,  J.  Pharm.  [3]  xxviL 
116.) 

13.  Quinine,  sulphuric  acid,  and  iodine  together  yield  sulphate  of  iodoquinine  (p.  25). 

14.  Quinine  exposed  to  a  current  of  dry  chlorine,  takes  up  a  large  quantity  of  the 
gas ;  according  to  Andr6,  it  assumes  a  carmine-red  colour  in  a  few  seconds,  and 
becomes  soluble  in  water;  but  according  to  Pasteur,  it  turns  greenish,  and  then 
gives  up  to  boiling  or  cold  water  only  a  small  quantity  of  a  substance  having  an  acid 
reaction,  whilst  the  remainder  behaves  like  the  body  formed  by  the  action  of.  chlorine 
on  quinine  suspended  in  water.  Quinine  suspended  in  water  is  reddened  by  chlorine 
(Andr^  and  Pelletier).  A  solution  of  quinine  in  400  pts.  of  water,  acidulated 
with  sulphuric  acid,  is  not  coloured  or  rendered  turbid  on  passing  chlorine  into  it  for 
ten  minutes.     (Lepage,  J.  Pharm.  xxvi.  140.) 

When  chlorine-watrr  and  then  ammonia  are  added  to  a  solution  of  a  quinine-salt,  s 
green  precipitate  is  produced,  which  is  dissolved  by  more  ammonia  to  a  fine  emerald- 
green  liquid.  Exact  neutralisation  of  the  liquid  colours  it  a  sky-blue,  changing  to  violet 
or  fiery-red  on  further  addition  of  acid ;  ammonia  restores  the  green  colour  (Andr^ 
J.  Pharm.  xxiu  132).  In  this  way  [especially  by  employing  an  ethereal  solution 
(Leers)]  mere  traces  of  quinine  may  be  recognised;  quinidine,  however,  exhibits  the 
same  reaction. 

The  green  colour  is  not  produced  by  other  alkalis  instead  of  ammonia.  It  is  not 
produced  when  the  chlorine- water  is  allowed  to  act  too  long,  nor  with  all  proportions  of 
chlorine-water  and  ammonia ;  since  with  too  little  chlorine-water,  ammonia  throwi 
down  a  greenish-white  precipitate,  and  with  too  much  it  produces  a  yellow  coloration 
(Brandes).     Reddish-green  or  brown  colours  may  also  be  produced.     (Andr^) 

When  200  grains  of  sulphate  of  quinine  are  dissolved  in  80  ounces  of  chlorine-water, 
and  the  solution  is  mixed  at  once  with  1 0  ounces  of  ammonia-water,  a  green  precipitate 
is  produced,  amounting  to  about  60  grains,  whilst  the  liquid  remains  of  a  aeep-green 
colour.  The  precipitate  is  Brandes  and  Leber's  dnlieiocnine :  the  colouring-matter  of 
the  solution  is  not  removed  by  agitation  with  ether,  nor  in  an  unchanged  state  by 
other  means,  but  splits  up  on  eva^K^ration  into  red  rusiochine,  soluble  in  alcohol,  and 
dark-brown  melanuchine,  insoluble  in  water  and  alcohol.  (See  Gmelin^s  Handbook, 
xvii.  272.) 

16.  When  strong  chlorine- water  free  from  hydrochloric  acid  is  poured  into  a  concen- 
trated solution  of  sulphiite  of  quinine,  till  the  liquid  exhibits  a  faint  yellowish  colour, 
and  finely  pulverised  ferroci/anide  of  potassium  is  then  added  till  the  colour  changes 
to  light  rose-red,  this  tint  gradually  changes  to  dark-red,  especially  on  addition  of  s 
larger  quantity  of  the  ferrocyanide.  The  red  colour  is  not  due  to  the  formation  of  any 
cyanogen-compound,  for  it  may  be  equally  well-produced  by  moans  of  baryta  or  lime- 
water,  or  of  sodic  borate  or  phosphate.     (A.  Vogel.) 

16.  When  quinine  is  heated  with  strong  potash-l^,  hydrogen  is  evolved,  chinoline 
(i.  869)  distils  over,  and  the  residue  appears  to  contain  formic  acid.  (Gerhardt  and 
Wertheim.) 

17.  With  iodide  of  methyl  Kh^  iodide  of  ethyl,  quinine  forms  hydriodate  of  methyl-  or 
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.ethyl  qtiiDme  (p.  26).  With  chloride  of  acetyl  and  chloride  qf  benzot/l  it  yields  tho 
hydrochlonites  of  acetyl  and  benzoyl-quinine  (p.  26). 

Quinine ■■alti. — Quinine  neutralises  acids  completely,  forming  mono-acid  or 
neutral  uid  di-actd  s&lta.  The  salts  are,  for  the  most  part,  more  easily  crystallisable 
and  less  soluble  in  water  than  the  salts  of  cinchonine.  They  have  a  strong  bitter 
tast^,  and  frequently  exhibit  a  pearly  or  silky  lustre.  They  are  precipitated  by  eUkaiis 
and  their  carbonates^  by  the  hydrates  of  calcium  and  magmsiumy  and  by  ammonia  and 
carbonate  of  ammonia,  hydrate  of  quinine  being  thrown  down  in  white  flocks.  The 
procipit&te  produced  by  potash,  ammonia,  or  carbonate  of  potassium  is  pulrerulent, 
and  not  crystalline  or  soluble,  to  any  great  extent^  even  in  excess  of  the  precipitant; 
the  sulphate  alone  yields  a  |recipitate  easily  soluble  in  excess  of  ammonia  (t. 
Plauta).  Cyanide  of  potassium  colours  quinine-salts  carmine-red  (Schwabe). 
lAm/e-iDater  added  in  excess  to  quinine-salts  redissolves  the  precipitate  formed  at  flrsL 
Solutions  of  quinine-salts  containing  excess  of  acid  are  highly  fluorescent 

Acetate  of  Quinine,  C*H"NK)^C»H'0*,  crystallises  in  long  needles,  which  melt 
to  a  colourless  glass.  It  gives  oflf  acetic  acid  at  the  heat  of  the  water-bath,  is  slightly 
soluble  in  cold,  very  soluble  in  boiling  water.     (He gn a u  i  t.) 

The  arsenate  forms  needle^haped  prisms  resembling  the  phosphate,  but  less 
peariy. 

The  aspartate  forms  indistinct  crystals,  easily  soluble  in  water. 

Borate, — A  hot  solution  of  quinine  in  aqueous  boric  add  yields  crystalline  granules 
on  cooling ;  by  spontaneous  evaporation  with  an  excess  of  boric  acid,  a  varnish  is 
obtained. 

Carbonate,  C»»H"N*0«.H*CO«.H»0.— This  salt  is  not  formed  by  precipitation  ;  but 
when  quinine  precipitated  ^m  the  sulphate  by  ammonia  is  suspended  in  water, 
and  carbonic  acid  is  passed  into  the  solution  till  the  quinine  dissolves  completely, 
an  alkaline  liquid  is  obtained,  from  which  crystals  of  carbonate  of  quinine  are 
deposited  on  exposure  to  the  air  for  twenty-four  hours.  By  spontaneous  evaporation 
of  the  mother-liquor,  quinine  is  obtained  free  from  carbonic  acid.  The  carbonate  forms 
translucent  needles,  having  an  alkaline  reaction,  efflorescing  rapidly  in  the  air,  and 
decomposing  at  110°,  with  liberation  of  carbonic  acid  ;  they  are  soluble  in  alcohol,  but 
insoluble  in  ether.     (Langlois,  Ann.  Ch.  Phys.  [3]  xlL  89.) 

The  chlorate,  formed  by  dissolving  quinine  in  warm  aqueous  chloric  acid,  crys- 
tallises in  tufts  of  slender  needles,  melting  to  a  colourless  liquid,  which  solidifies  to  a 
transparent  varnish ;  it  explodes  when  strongly  heated.  (SeruUas,  Ann.  Ch.  Phys. 
[2]  xlv.  279.) 

Chromates. — The  neutral  salt,  2C*N*H**0*.CrO*,  is  precipitated  from  an  aqueous 
solution  of  neutral  or  acid  sulphate  of  quinine  by  neutral  chromate  of  potassium,  in 
the  absence  of  free  acids,  ana  is  slowly  deposited  in  tufts  of  shining  golden-yollow 
needles,  not  affected  by  light,  but  assuming  a  green  colour  when  bested  above  92°.  It 
dissolves  in  2,400  pts.  of  water  at  15°,  in  160  pts.  of  boiling  water;  in  alcohol,  but 
not  in  ether.     (Andr^.) 

The  arid  chromate,  C*ir<N-0*.CM)«.«H20,  is  thrown  down  by  acid  chromate  of 
potassmm  from  a  cold  aqueous  solution  of  sulphate  of  quinine  containing  sulphuric  acid, 
as  an  orange-yellow  precipitate,  consisting  of  microscopic  needles.  It  decomposes 
rapidly  in  the  light,  turns  brown  at  60°  or  66°,  or  when  boiled  with  water,  evolving 
oxygen.     More  soluble  than  the  neutral  salt.     (Andr^,  J.  Pharm.  [3]  xli.  341.) 

The  citrate,  2C»H"N*0«.C«H»0',  is  a  sparingly  soluble  salt,  crystalUsing  in 
delicate  needles. 

Croconate  and  Rhodizonateof  Quinine  are  deep  yellow  or  red  amorphous 
masses,  soluble  in  water  and  alcohol  (H  e  1 1  e  r ). — The  cyanurateiatL  white  amorphous 
mass  (Elderhorst). — The  formate  crystallises  easily  in  needles  resembling  the  sul- 
phate.    (L.  L.  Bonaparte,  J.  Chim.  m6d.  xviii.  680.) 

Gal  I  ate. — Gallic  acid  and  alkaline  gallates  form  precipitates  with  all  salts  of 
quinine,  provided  the  solutions  are  not  too  dilute.  The  precipitate  dissolves  in  boiling 
water,  the  liquid  becoming  milky  and  yielding  an  opaque  deposit  on  cooling.  Gallate 
of  quinine  is  soluble  in  alcohol  and  in  excels  of  acid  (Pelletier  and  Caventou). 
According  to  Pfaff  and  Henry,  gallic  acid  and  alkaline  gallates,  when  free  from  tannin, 
do  not  precipitate  quinine-salts. 

Hydriodate  of  Quinine,  C**H**N*0'.HI,  is  obtained  by  direct  union  of  the 
acid  and  base,  or  by  double  decomposition,  in  nodular  groups  of  delicate  crvstals 
(Pelletier),  lemon-yellow  prisms  (Herapath).  A  solution  of  sulphate  of  quinine  in 
boiling  water,  mixed  with  an  equivalent  quantity  of  iodide  of  potassium,  yields  on  cooling 
nothing  but  cnrstals  of  sulphate  of  quinine ;  but  when  240  pts.of  hydrochlorate  of  quinine 
are  mixed  with  460  pts.  of  iodide  of  potassium,  in  hot  aqueous  solution,  a  colourless 
turpentine-like  mass  is  deposited  as  the  liquid  cools  (Win  c k  1  e r).   Iodide  of  potassium 
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throws  down  from  acetate  or  hjdroclilorate  of  quinine,  a  heaxj  white  powder, 
which  runs  into  drops  (t.  Flanta).  The  hydriodate  melts  to  a  resm  over  the  water- 
bath.  It  dissolves  in  water  more  freely  than  the  sulphate  ;  in  nearly  all  proportions  in 
alcohol,  and  in  ether  (Winckler,  JaJbrb.  pr.  Pharm.  xx.  321).  From  a  solution  con- 
taining excess  of  hydriodic  acid,  an  acid  hydriodate^  C*H**N'K)*.2H1.6H*0,  separates, 
according  to  Regnault,  in  large  laminse  having  a  fine  yellow  colour  and  strong  acid 
reaction. 

By  mixing  acid  sulphate  of  quinine  with  solution  of  iodide  of  potassium,  Righint 
(J.  Chim.  m^.  xiii.  116),  obtained  a  red  powder,  containing,  according  to  his  analysis, 
50  per  cent  of  quinine,  30  of  hydriodic  acid,  and  20  of  iodine,  being  a  mixture  of 
hydriodate  of  quinine  and  iodoquinine.  According  to  Reign ier  {ibid.  119),  on  dis- 
solving this  precipitate  in  alcohol,  and  evaporating  the  solution,  tr*.u8p:irent  four- 
sided  prisms  are  obtained,  which  turn  dull  and  brown-red  in  the  air. 

nydrochloratea.— The  neutral  salt,  2(C»H«*N*0*.HC1).3H''0,  is  easUy  obtained 
by  dissolving  quinine  in  a  slight  excess  of  warm  dilute  hydrochloric  acid,  and  separates 
on  cooling  in  long  silky  fibres.  It  may  also  be  prepared  by  precipitating  sulphate  of 
quinine  with  chloride  of  barium,  but  the  salt  thus  formed  soon  turns  rcNinons  iA 
presence  of  an  excess  of  hydrochloric  acid  (Winckler).  At  140^  in  a  current  of  dry 
air  it  gives  off  7*105  per  cent,  water  of  crystallisation.  An  acid  ht/drochioratr  separated 
from  a  solution  of  quinine  in  a  large  excess  of  hydrochloric  acid ;  but  on  redissolving  it 
in  water,  the  solution  deposits  the  greater  part  of  the  quinine  as  neutral  hydio- 
chlorate.  . 

The  neutral  hydrochlorate  forms  yellow  precipitates  with  auric  and  iridic  chlorides, 
— The  chloromercurate,  C»H**NK)*.2HCLHg''Cl«,  is  obtained  as  a  granulo-crystalline 
precipitate,  by  dissolving  equal  parts  of  quinine  and  mercuric  chloride  in  strong 
alcohol,  and  mixing  the  liquids  after  adding  a  little  hydrochloric  acid  to  the  quinine- 
solution.  If  weak  alcohol  is  used,  the  precipitate  forms  more  quickly,  but  is  less  cr>'8talr 
line.  It  is  very  slightly  soluble  in  water,  cold  alcohol,  and  ether. — The  chlaroplatinate, 
C-»H«^NK)«.2HCl.Pt"Cl*.H*0,  is  obteiued  by  adding  platinic  chloride  to  a  solution  of 
quinine  in  a  slight  excess  of  hydrochloric  add,  as  a  Yellowish  fiocculent  precipitate  which 
on  agitation  becomes  orange-coloured  and  crystalline,  sinking  to  the  bottom  of  the 
Tossel  and  attaching  itself  to  the  sides.  It  does  not  give  off  any  water  at  100°,  but 
the  whole,  equal  to  2*37  per  cent.  (1  at.),  at  140^.     (Gerhard t.) 

Bydrocyanate. — Quinine  triturated  and  agitated  with  aqueous  hydrocyanic  acid 
dissolves  to  a  yellow  liquid. 

Cyanoplatinates.  —  A  solution  of  quinine-sulphate  precipitated  with  platinocya- 
nide  of  potassium  yields  the  salt  C»H"N-0«.2HCy.Pl"Cy«.H«0,  and  with  platinid- 
cyanide  of  potassium,  the  salt  C«"H»W0«.2HCy.Pt"Cy*  (Wertheim,  Ann.  Ch.  Pharm. 
Ixxiii.  210). — According  to  Schwa  rzenbach  (Pharm.  Viertelj.  viii.  210),  platinocya- 
nide  of  pota$isium  throws  down : — a.  From  a  solution  of  quinine  in  aqueous  acetic  acid, 
a  white  precipitate  of  the  salt^  3C*H«»N  0«.2HCy.Pt"Cy«,  partly  converted  into  needles 
on  standing. — fi.  From  a  solution  of  quinine  in  a  moderate  excess  of  sulphuric  acid,  a 
bulky  white  precipitate,  which  when  left  at  re^t  is  transformed  into  tabular  crystals 
containing  2(C*H**N=0«.2HCy.Pt''Cy«)  H«0,  warty  groups  of  needles  consisting  of 
C'"H«*N*0'.2HCyPfCyMI''0,  and  a  resin  having  the  same  composition. 

Hydroferricyanate  of  Quinine,  2(C»H«N«0«  n'Fo"'Cy*)3H^O,  is  precipitated  by  a 
concentrated  aqueous  solution  of  ferricyanide  of  potassium  from  a  strong  aqueons  solu* 
tion  of  hydrochlorate  of  quinine  containing  a  little  free  hydrochloric  acid  in  golden- 
yellow  crystalline  laminse,  which  after  drying  resembles  mosaic  gold.  The  salt  does 
not  lose  weight  at  100°;  dissolves  easily  in  water,  and  deposits  a  blue  powder  on 
evaporating  the  solution  (Dollfus,  Ann.  Ch.  Pharm.  lxv.224). — The  hydroferrocyaneUs^ 
C*H**N*0^.H*Fe''Cy*.2H*0,  is  an  orange-yellow  crystalline  precipitate,  obtained  on 
tnixing  the  alcoholic  solutions  of  quinine  and  hydroferrocyanic  acid. 

Hypophosphite,  C»H«<N«0«.H»PO*.— To  prepare  this  salt,  100  pta.  of  sulphate  of 
quinine  are  heated  to  94°  with  6,000  pts.  of  water  and  38*7  pts.  of  hypophosphorous 
acid ;  a  quantity  of  hypophosphite  of  barium,  barely  sufficient  for  the  complete  decom- 
position of  the  sulphate,  is  then  added,  and  the  liquid  is  filtered  and  left  to  crystallise*. 
The  mother-liquor  and  wash-water  yield  colourless  crystals  only  when  cautiously 
evaporated. — It  is  a  light  veiy  loose  mass,  having  a  pure  bitter  taste  ;  melts  and  turns 
brown  at  150°,  with  Toss  of  water;  dissolves  in  60  pts.  of  water  at  15*5°,  and  more 
easily  in  boiling  water.    (L.  Smith,  Zeitschr.  Ch.  Pharm.  i.  159.) 

Hyposulphite  of  Quinine,  C»H"N»0«.H'8K)«  (at  100°),  is  obtained  by  adding 
hyposulphite  of  sodium  to  a  solution  of  hydrochlorate  of  quinine,  as  a  fiocculent 
precipitate  sparingly  soluble  in  cold  water.  It  crystallises  from  hot  alcohol  in  fine 
needles  containing  1  at.  water,  which  they  give  off  at  100°,  yielding  a  powder, 
strongly  electric  when  hot. — Hyposulphate. — Deposited  in   crystals  from  a   hot 
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3C»n««N*0«.2Pn«0<  (Andepsou,  Ann.  Ch.  Pharai.  Ixvi  69),  op,  aeeording  to 
Gephardt  {TraiU,  iv.  118),of  2C»»H''N«0».PH»0«.2H*0.--A  hot  solution  of  folphate 
or  hydrochlorat«  of  quinine  mixed  with  a  slight  excess  of  sodic  phosphate,  deposits  on 
cooling  a  white  crystalline  mass,  reiy  slightly  soluble  in  water.     (Winckler.) 

A  pyrophosphate  of  quinine  is  obtained  by  precipitating  the  hydrochlorate  with  eodic 
pyrophosphate. 

Pier  ate. — Obtained  by  precipitation  as  a  yellow  powder,  rery  slightly  soluble  in 
water,  freely  in  alcohol.  When  boiled  in  water,  it  melts  and  floats  on  the  surface  in 
oily  drops(L.  L.  Bonaparte).  According  to  Carey  Lea  (Sill.  Am.  J.  [2]  xxvi.  379), 
it  crystallises  from  the  alcoholic  solution  in  yellow  needles ;  according  to  L.  Bonaparte, 
the  alcoholic  solution  does  not  yield  any  cryst-als. 

Quinate  of  Quinine  occurs  in  cinchona-barks  (Ilenry  and  Plisson).  A 
solution  of  sulphate  of  quinine  mixed  with  quinate  of  barium  deposits  the  salt  usaallj 
in  mammellated  crusts,  having  a  horny  appearance  at  the  edges,  sometimes,  however, 
in  needles.  It  dissolves  in  3*5  pts.  water  at  110^,  and  in  8  pts.  of  alcohol  of  88  per 
cent.    (Baup.) 

Succinate  of  Quinine  forms  pearly  prisms. 

Sulphates  of  Quinine.— a.  Neutral  salt,  2C*H«'N»0«.H-S0*,  commonly  but  im- 
properly called  Basic  suljthate  of  quinine.  This  salt  is  produced  by  neutndising 
ouinine  ¥rith  dilute  sulphuric  acid,  a  few  drops  of  alkali  added  to  the  solution  quickly 
determining  the  crystallisation  (see  also  p.  16).  It  crystallises  in  scales,  or  in  long 
slightly  flexible  needles,  having  a  nacreous  aspect  The  crystals  are  monodinic,  ex- 
hibiting the  combination  oP  .  ooPoo  .  [odPoo].  Angle  oP  .  [  ooPoo  ]  ■■  96^60'; 
ooPoo  :  [  ooPoo  ]  sa  90°.  They  are  often  nemitropic.  Cleavage  distinct,  parallel  to 
oP  and  00 P.  The  salt  is  as  light  as  magnesia,  has  a  bitter  taste,  and  effloresces  quickly 
on  exposure  to  the  air. 

The  sulphate  dried  in  the  air  at  8°  to  15°,  or  over  oil  of  ritrol  diluted  with  3*2  to 
8-6  its  volume  of  water,  has  the  composition  2(2C«»H«*N«OMI«SO«).16H«0;  the  moist 
salt  loses  its  excess  of  water  when  placed  over  acid  of  this  strength,  whilst  the  air- 
dried  salt  does  not  alter  in  weight.  When  heated  to  110°  to  120°,  it  loses  the  whole 
of  its  water  of  crystallisation,  but  rapidly  absorbs  4*87  to  5*1  per  cent,  again  on  ex- 
posure to  moist  air  (4  at.  »  4*82  per  cent.)  (Jobst  and  Hesse);  the  same  quantity 
of  water  is  retained  by  the  salt  dried  over  oil  of  vitriol  [or  in  dry  air  (Baup)].  A 
solution  of  1  pt.  of  the  air-dried  salt  in  40  pts.  or  more  of  alcohol  of  speciftc  graTity 
0*862,  deposits  on  evaporation  white  needles,  containing  4  at  water.  (Jobst  and 
Hesse,  Ann.  Ch.  Pbarm.  cxix.  361.) 

Commercial  sulphate  of  quinine  contains  quantities  of  water  varying  between  5*1  and 
13*3  per  cent.  (Mi lion  and  Comaille).  It  usually  appears  half- effloresced,  but 
still  contains  15*6  per  cent,  of  water.     (Guibourt.) 

The  anhydrous  salt  dissolves  in  793  pts.  water  at  6°,  and  in  78S  pts.  at  9*5  (Jobst 
and  Hesse).  One  part  of  the  salt  [crystallised  or  dry  ?]  dissolves  in  265  pts.  of  cold, 
and  in  24  pts.  of  boiling  water  (Bussy  and  Guibourt)  ;  in  335  pts.  cold,  and  33  5 
pts.  boiling  (Howard) ;  in  720°  pts.  at  18*75®  (Abl)  ;  in  740  pts.  at  13°,  and  in  30 
pts. at  100°  (Baup);  in  740  pts.  at  10°  (van  Heijningen  ;  Cap  and  Garot).  The 
commercial  salt  dissolves  in  738  to  770  pts.  of  water  at  12°  to  16°  (Kerner).  It 
dissolves  very  sparingly  in  a  cold  saturated  solution  of  Glauber's  salt,  and  scarcely  at 
all  in  Hochelle  salt,  so  that  the  solution  is  scarcely  clouded  by  ammonia,  or  coloured 
by  chlorine-water  and  ammonia  (Mann).  The  solubility  of  sulphate  of  quitaine  in 
water  is  reduced  by  sulphate  of  sodium  and  sulphate  of  magnesium,  but  increased  bj 
sal-ammoniac,  saltpetre,  and  chlorate  of  potassium.     (Calloud.) 

One  part  of  anhydrous  sulphate  of  quinine  dissolves  in  100  to  115  pts.  of  alcohol  of 
specific  gravity  0*852 ;  the  strength  of  the  alcohol,  however,  is  altered  by  the  salt  dis- 
solved in  it  (Jobst  and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves 
in  60  pts.  of  cold  alcohol  of  specific  gravity  0'85  (Baup) ;  in  60  pts.  of  cold  alcohol  of 
21°  (Delondre  and  Henry);  in  40  pts.  of  alcohol  ((Jap  and  Garot)  ;  in  7*5  pts.  of 
boiling  alcohol  of  90  pep  cent.  (Bussy  and  Guibourt),  from  which  it  is  deposited 
almost  entirely  on  cooling.  Sulphate  of  quinine  dissolves  in  40  pts.  of  glycerin,  but 
not  in  fatty  oils  (Cap  and  Garot ;  Attfield).  It  dissolves  abundantly  in  creosote  at 
20°,  and  slowly  in  cold  picamar  (Reichenbach).  It  is  insoluble  in  chloroform. 
(Schlimpert.) 

The  solution  of  quinine-sulphate  in  water  acidulated  with  sulphuric  acid  turns  the 
plane  of  polarisation  of  a  ray  of  light  strongly  to  the  lefL  For  the  transition-tint 
[o]  sa  256*6  for  the  anhydrous  sulphate,  and  210*87°  for  the  sulphate  with  16*72  per 
cent,  water  (De  Vrij  and  Alluard,  Compt.  rend.  lix.  201).  The  same  solution  ex- 
hibits a  powerful  blue  fluorescence.    (See  Light,  iii.  633.) 

Sulphate  of  quinine  becomes  luminous  at  100°;  the  phosphorescence  is  likewiaa 
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produced  by  friction,  the  rubbing  body  becoming  charged  at  the  same  time  with 
negative  electricitY  very  sensible  to  the  electroscope.  The  salt  melts  easily,  forming  a 
liquid  like  melted  wax.  At  a  higher  temperature  it  assumes  a  fine  red  colour,  and 
ultimately  burns  and  carbonises. 

Impurities  and  Adulterations  of  Sulphate  of  Quinine. — Sulphate  of  quinine  may  be 
intentionally  adulterated,  either  ^ith  inorganic  subatances  (such  as  sulphate  or  carbo« 
Date  of  calcium  or  magnesium),  the  presence  of  which  is  detected  on  heating,  or  with 
organic  substances.  Of  the  latter  class  of  bodies,  starch-powder  and  stearin  are  recog- 
nised by  their  insolubility  in  acidulated  water,  and  gum  by  its  insolubility  in  alcohol; 
salicin,  phlorizin,  and  cane-sugar  assume  a  red  or  brown  colour  with  oil  of  vitriol ;  the 
other  varieties  of  sugar,  as  well  as  other  substances  soluble  in  water,  remain  in  solution 
on  boiling  the  sulphate  with  baryta-water,  passing  carbonic  acid  into  the  liquid,  and 
filtering,  and  may  be  recognised  on  evaporating  the  solution.  The  pure  sulphate  thus 
treated  leaves  only  a  slight  residue,  corresponding  to  the  solubility  of  the  salt  in 
water. 

Since  cinchonine  and  cinchonidine  exist,  together  with  quinine,  in  cinchona-barks, 
the  sulphates  of  those  bases  may  occur  as  impurities  in  sulphate  of  quinine.  They 
may  be  recognised  by  the  following  quinine-test  of  Liebig : — 10  grains  of  the  sulphate 
to  be  tested  are  warmed  with  10  drops  of  dilute  sulphuric  acid  and  15  drops  of  water 
in  a  test-tube;  the  solution  is  cooled;  60  drops  of  commercial  ether  and  20  drops  of 
ammonia-water  are  added ;  the  whole  is  shaken ;  and  the  tube  stopped.  If  the  quinine 
is  free  from  cinchonine,  and  does  not  contain  more  than  10  per  cent,  of  quinidine,  the 
whole  remains  in  solution ;  but  if  cinchonine  is  present,  it  is  deposited  as  a  white 
pulverulent  layer  between  the  ether  and  the  water,  as  is  also  the  case  with  cincho- 
nidine when  present  in  lai^e  quantity.  Smaller  portions  of  cinchonidine  crystallise 
from  the  eth^r  on  standing  for  a  short  time,  and  still  smaller  quantities  when  ether 
saturated  with  cinchonidine  is  employed  in  the  first  instance.  As  it  {<ometimes  happens 
that  the  upper  ethereal  layer  solidifies  to  a  jelly,  even  with  pure  sulphate  of  quinine, 
it  is  more  convenient  to  employ  ether  containing  alcohol,  or  to  take  a  somewhat 
larger  proportion  of  ether  than  is  directed  above.  Gui  bourt  evaporates  the  ammonia 
before  ad(fing  the  ether  (J.Pharm.  [3]  xxi.  47). — Instead  of  etlier,Riegel  (Jahrb.  pr. 
Pharm.  xxv.  340)  employs  100  drops  of  chloroform,  whereby  the  cinchonidine  also  is 
dissolved.  To  separate  this  last  substance,  he  dissolves  10  grains  of  the  sulphata 
in  water,  with  addition  of  tartaric  acid,  and  adds  acid  carbonate  of  sodium  to  the 
solution.  The  resulting  precipitate  consists  of  cinchonine  and  cinchonidine,  whilst 
quinine  remains  in  solution.  The  cinchonine  and  cinchonidine  may  then  be  separated 
by  chloroform.  0.  Henry  (J.  Pharm.  [3]  xiiL  107)  likewise  separates  quinine  and  cin- 
chonine by  means  of  ether  or  cold  alcohol,  but  first  removes  the  greater  part  of  the 
quinine  by  converting  it  into  acetate  (by  precipitating  with  caustic  soda  and  dissolving 
the  precipitate  in  acetic  acid),  and  crystallising  out  as  far  as  possible. — Delondr  e  and 
O.  Henry  (J.  Pharm.  [3]  xxi.  281)  triturate  10  grms.  of  the  sulphate  and  4  grms. 
of  acetate  of  barium  with  60  grms.  of  water  and  a  little  acetic  acid,  separate  the 
crystals  which  form  after  a  few  minutes,  and  dilute  the  filtrate  with  twice  its  volume 
of  alcohol  of  36®.  After  adding  a  little  sulphuric  acid  and  again  filtering,  the  liquid  is 
boiled  with  excess  of  ammonia,  and  after  standing  for  24  hours,  the  cinchonine  crystal- 
IheB  in  needles.  The  cinchonine  may  also  be  obtained  in  crystals  by  dissolving  5  grms. 
of  the  sulphate  in  120  grms.  of  warm  acidulated  alcohol,  boiling  the  solution  with 
excess  of  ammonia,  and  setting  it  aside  for  24  hours.  (For  references  to  other  methods 
see  GmeHn*s  Handbook,  xvii.  280.) 

fi  Acid  sulphate,  C*H«'H«0*.H«S0M6H»0,  improperly  called  neutral  sulphate.-^ 
This  salt,  which  always  separates  from  a  solution  of  quinine  in  excess  of  sulphuric  acid, 
is  distinguished  from  the  neutral  sulphate  by  its  much  greater  solubility.  It  usually 
crystallises  on  cooling  in  small  needles,  but  by  evaporation  in  a  hot-air  chamber,  it 
may  be  obtained  in  rectangular  prisms  terminated  by  a  truncation,  or  by  two,  three,  or 
four  facets  resting  on  the  faces  of  the  prism. 

It  melts  in  its  water  of  cr3rstallisation  at  100°,  dissolves  in  11  pts.  of  water  at  13^, 
and  in  8  pts.  at  22° ;  and  in  dilute  or  absolute  alcohol,  much  more  freely  in  the  hot 
liquids  than  in  the  cold.  From  a  solution  in  absolute  alcohol  it  is  deposited  in 
crj-stals,  which  immediately  fall  to  powder  on  exposure  to  the  air.    (Ban p.) 

Sulphate  of  Quinine  and  Iron. — A  mixture  of  sulphate  of  quinine  and  ferric  sulphate, 
left  for  some  months  in  a  partially-covered  vessel,  deposits  this  salt  in  small,  perfectly 
regular,  colourless  octahedrons.    (Vill,  Ann.  Ch.  Pharm.  xlii.  111.) 

Sulphate  of  lodoquinine  (see  p.  26). 

Sulphite  of  Quinine. — Dry  quinine  absorbs  sulphurous  anhydride  with  consider- 
able evolution  of  heat,  forming  an  anhydrous  salt     (Liebig  and  Pelouze.) 

Sulphocyanate   of   Quinine,    C*H"N*0*.2CyHS,  obtained  by  precipitating  a 
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sulution  of  quinine-sulphate  with  sulphocyanate  of  potassium,  forms  fine  lemon-yelloir 
monoclinic  crystals  (Wertheim).  Quinine  treated  with  sulphocyanic add  yields  two 
salts  crystallising  together,  the  one  whit^,  the  other  yellow  and  resinous  (Dollfus). 
By  precipitating  sulphocyanate  of  quinine  with  mercuric  chloride  and  wanide,  two 
double  salts  are  formed,  containing  respectively  3(C»H*<N«0«.2CyHS).4Hg''Cl* 
and  2(C=»H"NK)».2CyflS).Hg"Cy«.    (Wertheim.) 

Tannates. — Quinotannic  acid  occurs  in  cinchona-bark  (Henry  and  Flisson). 
Gallotannic  acid  forms  with  dilute  quinine-solutions  a  yellowish-white,  amorphons, 
slightly  bitter  precipitate,  sparingly  soluble  in  boiling  water,  Terr  soluble  in  alcohoL 
This  salt  is  used  in  the  treatment  of  fever,  and  is  said  to  exert  less  action  than  the 
sulphate  on  the  digestive  organs  and  on  the  nervous  system.  (See  Report  of  MM. 
OrjUa,  Bussy,  and  Bouvier  on  a  Menmr  hv  M.  Bamswil  on  the  Therapeutic  Properties 
ofTannate  of  Quinine,  J.  Pharm.  [3]  xxi.  206.) 

Tart  rat  es.^-^a.  Jkxtrotartrates,  The  neutral  salt,  2C»IP*N*0».C*H«0«  is  precipitated 
on  mixing  sulphate  of  quinine  with  neutral  dextrotartrate  of  potassium,  as  a  crystal- 
line powder,  neutral,  fusible,  and  having  a  bitter  taste  (Arppe,  J.pr.  Chem.  liii.  834). 
The  acid  salt,  C»H»*N«0*.C'H*0«.H20,  is  obtained  by  mixing  equivalent  quantities  of 
the  acid  and  base,  and  leavinff  the  liquid  to  cr}'stalli8e.  It  gives  off  1*4  per  cent, 
water  at  100^,  and  the  remainder,  4*4  per  cent  in  all,  at  160°,  decomposing  when 
heated  for  some  time  to  that  temperature  (Pasteur). — Tartrate  of  quinine  andpotaS' 
sium  forms  crystals  soluble  in  alcohol  (Delondre  and  Henry).  Quinine  boiled 
with  solution  of  tartar-emetic  does  not  form  a  double  salt  analogous  to  that  of  quinidine. 
(Stenhouse.) 

/3.  Lavotartrate. — Obtained  like  the  dextrotartrate,  and  has  the  same  composition ; 
it  differs  however  in  crystalline  form,  gives  off  nearly  all  its  water  of  cxystallisation  at 
100^,  and  is  much  more  soluble  in  wat«r  than  the  dextrotartrate.    (Pasteur.) 

.  Urate  of  Quinine,  C^'H'^NW.OH^N'O*?— Prepared  bv  boiling  uric  add  for 
some  time  with  quinine  and  a  large  quantity  of  water,  and  filtering  the  liquid  while 
hot ;  it  is  a  white,  amorphous,  laminated  mass  (Elderhorst),  or  a  dull  white  powder 
composed  of  microscopic  prisms.  It  has  a  Litter  taste ;  bums  without  meltinff  when 
heated ;  dissolves  in  855  pts.  cold  and  36*2  pts.  boiling  water ;  in  1580  pts.  C(^d  and 
45*3  pts.  boiling  alcohol ;  still  less  freely  in  ether.    (Andrea,  Pharm.  VierteJIJ.  z.  382.) 

Valerate  of  Quinine,  C-*H«'NW.C*H'»0«.|H«0.— On  neutralising  alcohoUc 
quinine  with  a  slight  excess  of  valerianic  add,  and  allowing  a  mixture  of  1  vol.  of  the 
bquid  with  2  vols,  of  water  to  evaporate  at  ordinary  temperatures,  or  not  above  50^, 
hurd  rectangular  octahedrons  or  cubes,  permanent  in  the  air,  and  by  rapid  evapwation 
also,  needles  are  obtained  (L.  Bonaparte).  The  salt  may  also  be  prepared  by  adding 
carbonate  of  sodium  to  a  mixture  of  1  pt.  of  valerianic  acid  and  2  pts.  of  water  in 
sufficient  quantity  to  render  the  liquid  slightly  alkaline,  and  pouring  the  mixtnre, 
at  a  temperature  of  48°,  into  a  solution  of  2  pts.  of  sulphate  of  quinine  in  water 
oontainitfg  sulphuric  acid :  the  solution,  on  standing  for  24  hours,  deposits  crystals, 
which  are  washed  with  water  at  36°  (Chatin,  J.  Pharm.  [4]  i.  268).  It  smells  of 
valerianic  acid :  tastes  very  bitter,  and  afterwards  of  the  ada,  melts  at  90^  to  a  trans- 
parent  liquid,  giving  off  3^  per  cent,  of  water,  and  solidifies  to  a  glass  on  cooling. 
When  more  strongly  heated,  it  gives  off  valerianic  acid.  The  salt,  fused  at  90°» 
dissolves  easily  in  alcohol,  and  remains  on  evaporation  as  an  amorphous  mass  when 
the  alcohol  is  strong,  or  in  the  form  of  crystals  when  weaker  alcohol  is  employed. 
(Bonaparte.) 

The  crystals  dissolve  in  110  pts.  of  cold  [96  pts.  at  18'75<'  (Abl)],  and  in  40  pts.  of 
boihng  water  (Witt stein).  The  solution  on  boiling  deposits  resinous  drops  of  the 
anhydrous  salt,  which  do  not  become  crystalline  on  cooling  or  standing  in  water,  but 
crystallise  from  dilute  alcohol.  The  same  anhydrous  salt  is  precipitat^  by  valerianic 
add  from  an  aqueous  solution  of  the  crystals  (Bonaparte,  J.  Chim.  mM.  xviii.  680  ; 
zix.  330).  Dissolves  in  6  pts.  of  cold,  and  in  1  pt  of  boiling  alcohol  of  80  per  cent. 
( Wi  1 1  s  t  e  i  n,  Report.  Ixxxvii.  295).  The  salt  prepared  wi  th  natural,  but  not  that  made , 
with  artificial,  valerianic  acid,  becomes  phosphorescent  when  rubbed,  especially  after  it  * 
has  effloresced.  The  two  salts  also  exhibit  different  crystalline  forms.  (Landerer,  N. 
Br.  Arch.  cxix.  240.) 

Bebivatitzs  of  QunmoE. 

1.  By  Addition, 

Bydroqniiilne,  C»H*^0«  «  C»H«NK)«.H'0  (at  150<>)  (SchutEenberger, 
Ann.  Ch.  Pharm.  cviii.  347).-T-This  compound,  which  contains  the  elements  of  1  aU 
water  more  than  quinine,  is  obtained  by  the  action  of  dnc  and  sulphuric  add  on 
quinine.    It  is  an  amorphous  retain  nearly  as  bitter  as  quinine.    When  dried  at  120^, 
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It  retains  1  at.  water,  forming  the  mono-hydrate  C'H^N'O'.BPO,  which  slowly  ffiyes 
off  half  its  water  at  140®,  leaving  the  compound  2C*H*'N«0».H'K).  The  mono-hydrate 
softens  at  35^  and  melts  at  100®.  Hydroquinine  dissolves  in  alcohol  and  ether,  and 
exhibits  with  chlorine- water  and  ammonia  the  same  green  coloration  as  qainine.  Its 
salts  are  more  soluble  than  the  corresponding  salts  of  quinine.  The  sulphate  crystaU 
lises  with  difficulty.  The  ckloroplatinate  dried  at  100®  contains  26*2  per  cent, 
platinum,  agreeing  exactly  with  the  formula  O»H»N*0*.2HaJ?t»*Cl*. 

ZodoqnlBlne,  2C^H'^H)*.I*  ?. — By  triturating  quinine  with  iodine,  a  brown 
substance  is  obtained,  exactly  resembling  iodocinchonine  (i.  979),  and  containing  28  0 
per  cent,  iodine  (calc.  »  30*3).     (Pasteur,  Compt  rend,  xxxyii.  110.) 

Sulphate  of  lodo^uinine,  or  Sul^hato-iodide  of  Quinine,  This  salt,  di»« 
covered  by  Herapath,  is  obtained  by  dissolving  acid  sulphate  of  quinine  in  strorg 
acetic  acid,  and  gradually  dropping  into  it  an  alcoholic  solution  of  iodine.  The 
mixture,  if  left  at  rest  for  a  few  hours,  deposits  the  salts  in  large  plates,  generally 
rectangular,  sometimes  rhombic,  octagonal,  or  hexagonal.  These  crystals,  when  viewed 
by  reflected  light,  exhibit  an  emerald-green  colour,  with  an  almost  metallic  lustre  like 
the  wing-cases  of  cantharides  or  the  crystals  of  mnrexide ;  by  transmitted  light  they 
are  nearly  colourless,  having  only  a  faint  olive-green  tint ;  but  when  two  of  them 
are  placed  across  one  another,  so  that  their  longest  dimensions  shall  intersect  at  right 
angles,  the  superposed  portions  are  quite  impervious  to  light,  just  like  two  crossed 
tourmalines.  This  effect  is  produced  even  v^ith  crystals  not  thicker  than  ^^th  of  a 
millimetre.  In  polarised  light,  the  crossed  plates  exhibit  complementary  colours,  one 
for  example  being  green  and  the  other  rose-coloured,  and  the  superposed  portions  are 
of  a  dark  chocolate-brown  colour.  In  short,  these  crystals  possess  all  the  optical  pro- 
perties of  tourmalines,  and  may  be  substituted  for  them,  presenting  moreover  the 
advantage  of  transmitting  a  greater  proportion  of  the  incident  light ;  but  they  are 
somewhat  difficult  to  manipulate  with,  on  account  of  their  brittleness. 

The  composition  of  this  salt  has  not  yet  been  ascertained  with  certainty.  Herapath 
originally  assigned  to  it  the  improbable  formula  C^^IP*N'0^P.2HS0*.ZH0,  His 
latest  analysis,  however,  agrees  better  with  the  formula  2C*H**N*0*.3H*SO*.I*.  Von 
Hauer's  analysis,  made  in  Kraut's  laboratory,  agrees  nearly  with  same  formula  -i-  3H'0 : 


Culc. 

Herapath. 

Cale. 

▼.  Haaer. 

€*• 

960-0 

40-81 

41-35 

C"» 

960-0 

39-89 

39-39 

H"« 

1020 

4-34 

4-70 

H»* 

108-0 

4-48 

4-67 

N« 

1120 

4-76 

3-54 

JP 

112-0 

4-64 

P 

762-6 

32-42 

30-83 

V 

762-6 

81-67 

81-69 

0" 

1760 

7-48 

9-81 

0'« 

224-0 

9-36 

10« 

2400 

1019 

9-77 

8S0» 

2400 

9-96 

9-98 

2352-6       100-00       10000  24066       10000 

—Herapath,  Phil.  Mag.  [4],  iii.  161;  iv.  186:  vi.  171,  346;  vii.  352;  ix.  866  ;  xir. 
-224  ;  complete  Chem.  So<f.  Qu.  J.  xi.  130  ;  Chem.  Gaz.  1858,  p.  437 ;  Jahresb.  1858, 
p.  364. — Haidinger  and  Stokes,  Wien.  Akad.  Ber.  x.  106;  Jahresb.  1853, 
p.  198.— Gm.  xvii.  312. 

Sulphate  of  lodethylquinine^  prepared  in  like  manner,  forms  either  thin  needles  per- 
fectly opaque,  or  thick  plates,  transparent  and  purple  in  thin  films,  and  of  a  shining 
metallic  green  colour  by  reflected  light,  or  dark-red  or  orange-red  laminse,  transparent 
and  orange-yellow  by  transmitted  light. 

Ozyqalnlne,  C"^H*'N*0*. — Produced  by  boiling  sulphate  of  quinine  with  nitrate  of 
potassium,  and  precipitating  by  ammonia.    Already  described  (iii.  320). 

2.  By  Suhstitution, 

BKetbylaninliie,  C^H'WO*  -  C»H"(CH«)N«0».  (Strecker,  Ann.  Ch. 
JPbarm.  xci.  164.) 

When  iodide  of  methyl  is  added  to  an  ethereal  solution  of  quinine,  crystals  of  hydrio' 
date  of  methylquinine^  C*'H''*N*0*.HI,  are  formed  in  the  liquid  after  standing  for 
a  while.  The  compound  resembles  hydriodate  of  ethylquinine  in  its  behaviour  with 
ammonia  and  caustic  potash. 

atHylqnliiliie,  C«H"N«0»  =  C«H»(C«H»)NK)«.  (Strecker,  foe  «V.)— Iodide 
of  ethyl  in  contact  with  alcoholic  or  ethereal  solution  of  quinine,  forms,  after 
some  hours,  yellow  needles  of  hydriodate  of  ethylquinine,  an  aqueous  solution  of 
which  is  converted  by  oxide  of  silver  into  iodide  of  silver  and  a  strongly  alkaline  solu- 
tion of  ethylquinine.  When  the  latter  is  evaporated,  and  the  amornhous  residue  is 
dissolved  in  ^cohol  and  mixed  with  ether,  a  s^nup  is  precipitated  whiek  is  gradually 
converted  into  oolourless  needles,  probably  of  hydrate  of  ethylquinine.     The 
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base  tastes  caustic  and  bitter  in  aqueous  solution.  — When  heated  to  120^,  it  erolTet 
an  odour  of  chinoline  and  decomposes.  A  strong  alcoholic  solution  is  not  altered  by 
iodide  of  ethyl. 

Ethylquinioe  dissolves  easily  in  water  and  in  alcohol.  It  forms  with  acids  mono- 
flnd  di-acid  salts.  Aqueous  etbylquinine  absorbs  carbonic  acid  from  the  air,  and  is 
converted  into  an  uncrvst^lli sable,  alkaline  salt. 

Hydrochlorate  of  Ethylquinine,  C«H^«N«0*.HC1,  or  C«H«*N«0«.(?H^C1,  cryst4il. 
lisPS  in  slender  needles  united  in  hemispherical  groups. — The  chloroplatinatf, 
C**JI"N*0*.2nCl.Pt'*Cl*,  is  a  yellow  precipitate,  soluble  in  boiling  water,  and  separating 
in  indistinct  crystals  on  cooling. 

The  hi/driodat';  C-'*H»N;0'.HI,  or  C*H«N«0«.C*H»I,  when  purified  by  washing 
with  water,  and  retiystallising  from  ether,  forms  very  light,  colourless,  silky  needles, 
neutral,  unchangeable  at  1 10^,  melting  at  a  higher  temperature,  without  loss  of  weight, 
and  solidifying  to  a  vitreous  mass  on  cooling.  Tastes  very  bitter.  Dissolves  freely  in 
water,  and  is  not  precipitated  by  ammonia,  but  is  thrown  down  in  an  unaltered  state 
by  a  large  quantity  of  caustic  potash  after  standing  for  some  time.  Dissolves  in 
alcohol,  but  not  in  ether. 

The  neutral  sulphate,  2C«H"N*0«.H«S0*,  obtained  by  decomposing  the  hydriodate 
with  sulphate  of  silver,  is  slightly  soluble  in  water,  more  soluble  in  alcohol  than  the 
acid  salt. 

The  acid  stdphate,  C^'*N*0*.H*SO*,  crystallises  in  needles,  which  have  an  acid  re- 
action, and  after  drying  over  oil  of  vitriol,  give  off  82  per  cent,  water  (  =  2  at)  at  120°. 
It  is  very  soluble  in  water,  less  soluble  in  alcohol  than  the  neutral  sulphate.  Potash 
added  to  the  concentrated  aqueous  solution  throws  down  a  precipitate  of  the  neutral 
sulphate,  which  dissolves  in  water. 

BenBoyl-qiiliiine,  C«'H"N«0«  -  C»H«(C'H»0)NH)».  (Schiitzenberger, 
Compt  rend,  xlvii.  334). — When  chloride  of  benzoyl  is  poured  upon  quinine  dried  at 
130",  an  evolution  of  heat  occurs,  and  the  quinine  deliquesces  to  a  thick  syrup,  com- 
posed of  hydrochlorate  of  benzoyl -quinine  and  excess  of  chloride  of  benzoyl.  The  syrup 
IS  dissolved  in  wati^r;  the  base  is  precipitated  by  ammonia;  and  the  white  resinous 
mass  is  dried  at  140°,  at  which  temperature  it  gives  off  a  lai^  quantity  of  water. 

Benzoyl-quinine  is  coloured  green  by  chlorine-water  and  ammonia.  The  plafinun^ 
salt  contains  232  per  cent,  of  platinum  (calc.  for  C*^H»N«0«.2HCLPt*^Cl*  requires 
23-5  per  cent.  Ft). 

qimmnB-SVXPBintZC  AOZB,C«*H«'N«S0'  -  2(yiP^T^O^JSG*.—Sulphoquinio 
acid.  Obtained  by  dissolving  quinine  in  fuming  sulphuric  add,  neutralising  with  baryta, 
and  decomposing  the  barium-salt  with  sulphuric  acid.  It  is  a  solid  amorphous  add 
mass,  easily  soluble  in  water  and  in  alcohol. — The  barium-salt,  C**H**Ba'^*SO',  is  a 
transparent  friable  vitreous  mass  having  a  bitter  taste.  (Schiitzenb  erger,  Ann.  Ch. 
Pharm.  cviii.  353.) 

Cinchonine  forms  a  similar  add,  containing  C^II^N^SO*.    (Schutzenberger.) 

See  Chenopodith  (i.  868). 

This  name  is  applied  to  the  brown  resinous  mass  obtained  in 
the  manufacture  of  quinine  and  cinchonine,  by  predpitating  the  brown  unciystallisable 
mother-liquor  with  ammonia  or  |>otash,  or  by  evaporating  the  mother-liquors  of  sul- 
phate of  quinine  to  dryness.  There  appear  to  be  two  kinds  of  quinoidine — the  one 
freely  soluble  in  ether,  and  containing  quinidine,  with  smaller  quantities  of  quinine^ 
dnchonine,  and  resin ;  the  other,  which  is  only  partially  soluble  in  ether,  consisting 
chiefly  of  uncry  si  alii  sable  transformation-products  of  the  cinchona-bases.  The  former 
is  obtained  from  inferior  kinds  of  dnchona-bark,  but  not  from  Cinchona  regia  or 
C.  fiava  dura.     ( W i  n  c  k  1  er ;  see  Grnelin's  Handbook,  xvii.  303.) 

J nimal  quinoidine. — This  name  is  applied  by  Bence  Jones  and  Dupr^  (Proc 
Boy.  Soc.  XV.  73),to  a  fluorescent  substance  resembling  quinine  in  optical  and  chemical 
properties,  which  may  be  extracted  from  every  texture  of  man  and  of  some  animals,  and 
IS  identical  with  the  fluorescent  substance  existing  in  the  crystalline  lens. 

QUZVOZ&.    An  old  name  of  Quinine. 

Syn.  with  CmNOLnrB  (L  869). 

Syn.  with  QmNOTULMio  Acm. 

C«H*NO.  (Woskresensky,  J.  pr.  Chem.xxxiv.  251.)— A 
product  intermediate  in  composition  between  quinone(C*H*0*)  and  diphenine  (C'H'N'), 
formed  by  the  action  of  dry  ammonia  or  quinone : — 

C«H*0«     +     NIP      -       OB»N0     +     H«0. 

IL  is  a  crystalline  mass  of  a  fine  emerald-green  colour,  soluble  in  water,  but  quickly 
decomposing,  and  yielding  a  nearly  black  solution. 
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:  qUXMOrnm^  C*H«0'.  (Woskresensky,  Ann.  Ch.  Phann. xxxrii.  1 68.— W oh  1  e r, 
ibid.,  li.  148. — Laurent,  Compt.  chim.  1849,  p.  100. — Hesse,  Ann.  Ch.  Pharm.  xiy. 
299.) — A  compound  produced :  1.  By  the  oxidation  of  quinic  acid.  When  quinic 
acid  or  a  quinate  is  heated  with  about  4  pts.  peroxide  of  manganese  and  1  pt.  strong 
sulphuric  acid  diluted  with  half  its  weight  of  water,  the  mass  froths  up,  and  gives  off 
thick  white  vapours,  which  condense  in  the  receiver  to  shining  golden-yellow  needles  of 
quinone ;  the  reaction  is : 

C'H'«0«  +  0«     -     C«H*0«  +  C0»  +  4H*0. 

Quinic  acid.  Quinone. 

The  product  is  pressed  between  paper,  and  purified  by  sublimation.  In  like  manner 
quinone  may  be  obtained  from  coffee  and  other  vegetable  substances  containing  quinic 
acid  (p.  9).— 2.  By  the  dry  distillation  of  quinates. — 3.  From  hydroquinone,  by  the 
action  of  heat  (iii.  213). — 4.  From  benzidine,  aniline,  and  phenylene-damine,  especially 
the  iS-modification  (iv.  481),  by  oxidation  with  manganic  peroxide  and  sulphuric  acid. 
Benzidine  thus  treated  yields  a  large  quantity  of  quinone  : 

C'='H'«N«  +  H*0   +   0»     =     2C«H*0»  +   2NH«. 

Aniline  yields  but  a  small  quantity :  OH'N  +  0«  =  C«H<0«  +  NH',  the  greater 
part  suffering  more  complete  decomposition.     (Hofmann,  Proc.  Boy.  Soc.  xiii.  4.) 

Properties. — Quinone  when  sublimed  forms  long,  transparent,  golden-yellow,  shining 
needles  (Woskresensky);  af^er  crystallisation  from  hot  water  it  is  of  a  darker  and 
dingier  colour,  and  less  transparent(Wohler);  from  solution  in  hot  ethvlic  iodide, 
it  crystallises  in  beautiful  laminse  (Hesse).  It  is  heavier  than  water,  melts  at  100® 
(Woskresensky),  at  115*7^  (Hesse),  to  a  yellow  liquid,  which  crystallises  on  cooling 
(Wohler),  at  115*2^  (Hesse).  Itvolatilises  without  alteration,  and  sublimes,  even  at 
ordinary  temperatures,  from  one  part  of  the  containing  vessel  to  another.  It  has  a 
pim^ent  irritating  odour.  It  is  very  slightly  soluble  in  cold  waier,  more  soluble  in 
alcohol  and  ether ;  the  solutions  have  no  effect  on  vegetable  colours,  but  the  aqueous 
solution  colours  the  skin  brown.  It  dissolves  with  yellow  colour  in  dilute  hydrochloric 
and  nitric  acids.  The  aqueous  solution  forms  a  pale-yellow  gelatinous  precipitate  with 
basic  acetate  of  lead,  but  does  not  precipitate  the  neutral  salts  of  lead,  copper,  or  silver. 

Decompositions. — 1.  The  aqueous  solution  of  quinone  acquires,  by  exposure  to  the 
air,  a  continually  deeper  yellowish-red  colour,  and  ultimately  deposits  a  black-brown 
mouldy  substance  (Wohler^.  The  aqueous  solution  mixed  with  ammonia  or  potash 
absorbs  oxygen,  and  assumes  a  black-brown  colour  on  exposure  to  the  air,  and  then 
forms  with  acids  a  black  mouldy  precipitate,  resembling  melanic  acid  (iii.  867 ; 
Laurent,  Compt.  rend.  xxvi.  35). — 2.  With  dry  chlorine  gas,  quinone  forms  trichloro- 
quinone,  the  action  being  attended  with  great  rise  of  temperature  and  evolution  of 
hydrochloric  acid  (Woskresensky): 

c«H*o«  +  a*   -   c«Ha«o»  +  shcl 

— 3.  Heated  with  hydrochloric  acid  and  chlorate  of  potassium,  it  is  quickly  converted 
into  tetrachloroquinone  (Hofmann,  Ann.  Ch.  Pharm.  Ixii.  65). — 4.  OU  of  vitriol 
carbonises  quinone  (Woskresensky).  —  5.  Strong  hydrochloric  acid  colours 
quinone  brownish-black,  and  then  dissolves  it,  forming  a  red-brown  afterwards  colourless 
liquid,  which  no  longer  smells  of  quinone,  but  contains  chlorohydroquinone,  C*H*C10*. 
(Wohler).  The  first  products  are  probably  quinhydrone  and  chloroquinhydrone  (iii. 
213,  217),  the  presence  of  both  of  which  in  the  black  magma  formed  at  the  begininng 
of  the  action  was  pointed  out  byStadeler  (Ann.  Ch.  Pharm.  Ixix.  308)  : 

4C^*0«  +   2HC1     =     C"H'*0*  +   C»»H»C1»0«; 

and  these  compounds,  by  the  further  action  of  the  hydrochloric  acid,  are  converted 
into  chlorhydroquinone,  being  at  the  same  time  dissolved  and  decolorised : 

C'«H'»o*  +  c'«hk:;i«o«  +  2Hci   -   4C^*cio». 

Chlorhydroquinone  is  likewise  formed  by  the  action  of  hydrochloric  acid  gas 
upon  dry  quinone  (Wohler). — 6.  Quinone  heated  with  nitric  acid  yields  oxalic 
and  picric  acids.  On  treating  it  with  nitric  and  strong  sulphuric  acids,  and 
immersing  metallic  zinc  in  the  diluted  solution,  a  base  is  produced  resembling 
ancine  or  cinchovatine  (Schoonbroodt,  Bull.  Soc  Chim.  1861,  p.^  107).  — 7. 
Ammoniacal  gas  passed  over  quinone,  quickly  converts  it,  with  separation  of 
water,  into  quinonamide  (p.  26). — 8.  Stdphydric  acid  gas  has  no  action  upon  dry 
quinone,  but  when  passed  through  the  cold  aqueous  solution,  first  reddens  it, 
and  then  throws  down  flakes  of  brown  sulphohydroquinone,  which,  if  the  pas- 
sage of  the  gas  be  still  continued,  and  especially  if  the  action  be  aided  by  heat,  is 
converted  into  yellow  sidphohydroquinone.  The  same  compound  is  formed  when 
sulphydrate  of  ammonium  is  poured  upon  quinone  (Wohler). — 9.  Quinone  dissolved 
in  water  is  converted  into  hydroquinone  by  excess  of  hydriodic  or  hydrotelluric  add, 
with  precipitation  of  iodine  or  tellurium ;.  and  by  sulphurous  aeid,  with  formation  of 
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flnlplmric  ftcid  (Wobler).  Sulphurous  anhydride  has  no  action  npon  diy'qmnone ; 
and  even  phosphurett^d  hydro^n,  arsenetted  hydrogen,  and  hydrocyanic  acid  are 
without  action  upon  it  (Wohler). — 10.  Quicklime^  or  hydrate  o/potassium^  in  contact 
with  moist  crvstals  of  quinone,  acquires  a  fine  indieo-blne  colour;  and  on  trituration  a 
blue  powder  is  formed,  having  a  coppery  lustre,  and  yielding  a  blackish -green  solution 
with  water  (Hesse). — 11.  Quinone  heated  with  hydrate  of  potassium  is  conxerted 
into  quinonic  acid,  C'*H*0*  (Schoonbroodt,  p.  30). — 12.  Quinone  heated  for  a  long 
time  to  118°  with  iodide  of  ethyl  in  sealed  tubes,  yields  long  white  orystals  (Hesse). — • 
13.  With  aniline  in  boiling  alcoholic  solution,  it  forms  diphenyl-quinoyl-diamide. 
(Hofmann,  iv.  430.) 

ClUoroqainones.  When  quinic  acid  or  a  quinate  is  heated  with  a  mixture  of  per- 
oxide of  manganesi*,  sulphuric  acid,  and  common  salt,  a  yellow  crystalline  sublimate  is 
obtained,  consisting  of  several  chlorinated  derivatives  of  quinone,  which  may  be 
separated  by  their  different  degrees  of  solubility  in  alcohol.  These  compounds  are 
more  like  quinone  in  proportion  as  they  contain  less  chlorine,  mono-  and  di-chloro- 
quinone  still  crystallising  in  prisms,  whereas  tri-  and  tetra-chloroquinone  crystallise 
in  laminae.  By  reducing  agents,  and  especially  by  sulphurous  acid,  they  are  converted 
into  the  corresponding  chlorhydroquinones  (iii.  216). 

Monochloroquinone^  C^*C10*  (Stadeler,  Ann.  Ch.  Pharm.  bdx.  800).  IVe- 
jMira/tbn.— One  pt.  of  quinate  of  copper,  or  any  other  quinate  (25  grammes  at  most), 
18  distilled  with  4  pts.  of  a  mixture  of  3  pts.  common  salt,  2  pts.  peroxide  of  manga- 
nese, and  4  pts.  oil  of  vitriol  (diluted  with  three  times  its  bulk  of  water),  in  a  flask 
provided  with  a  descending  tube  six  feet  long,  and  kept  cool  at  the  upper  part  by  a 
wet  cloth,  but  not  so  much  as  to  cause  the  liquid  which  distils  over  to  crystallise. 
At  first  the  mixture  froths  up  considerably,  giving  off  carbonic  anhydride  with  a  small 
quantity  of  chlorine ;  but  when  the  liquid  begins  to  boil,  the  evolution  of  chlorine 
ceases.  The  rapid  ebullition  must  be  kept  up,  as  long  as  any  oil  passes  into  the  receiver 
from  the  tube,  in  which,  if  it  be  moderately  cooled,  all  Uie  tetrachloroqninone  is  deposited. 
This  oil,  which  solidifies  on  cooling,  is  collected  on  a  filter,  repeatedly  washed  with 
cold  water,  dried,  pulverised,  and  exhausted  with  successive  small  quantities  of  cold  alco- 
hol of  85  per  cent,  as  long  as  the  alcohol  acquires  a  yellow  colour  and  gives  a  precipitate 
with  water.  Bichloroquinone  then  reniains  undissolved,  together  with  a  smaU  quaoititj 
of  tri-  and  tetra-chloroquinone,  whilst  the  alcohol  retains  in  solution  the  quinone  and 
trichloroquinone,  which  colour  it  yellow.  These  compounds  are  precipitated  from  the 
solution,  by  addition  of  a  triple  Tolume  of  water,  in  slender  needles  and  lamins,  and 
dissolved  in  a  small  quantity  of  hot  moderately  strong  alcohol ;  the  solution  is  cooled, 
till  the  large  yellow  laminie  of  trichloroquinone,  which  separate  out»  beffin  to  be  asso- 
ciated with  needles  of  monochloroquiuone ;  the  liquid  is  then  immediately  filtered  and 
mixed  with  water ;  and  the  precipitate,  consisting  of  monochloroquiuone  and  a  small 
quantity  of  trichloroquinone,  is  freed  from  the  latter  by  repeatedly  treating  it  as 
above  with  alcohol,  which  however  cannot  be  effected  completely,  and  is  attended 
with  great  loss. 

Monochloroquiuone  crystallises  in  long  yellow  needles,  yery  soluble  in  ether,  mode- 
rately soluble  in  alcohol  and  acetic  acid.  It  dissolves  also  in  boiling  water,  and  separates 
on  cooling ;  but  if  the  boiling  be  prolonged,  the  solution  becomes  dark-red  and  opaque, 
with  formation  of  brown  chloroquinhydrone  (iii.  217).  Chloroquinone  melts  at  160°  to 
a  deep  yellow  oil,  having  an  aromatic  odour  and  biting  taste.  It  colours  the  epidermis 
purple,  like  gold-salts.  It  dissolves  in  cold  aqueous  sidphurouB  acid,  and  is  reduced 
thereby  to  chJorohydroquinone  (iiu  216). 

Dichloroquinone,  C'H'Cl'O*. — This  compound  forms  the  portion  of  the  oily 
product  obtained  in  the  preparation  of  monochloroquiuone,  which  is  but  slightlr 
soluble  in  alcohol.  When  purified  by  repeated  crystallisation  from  hot  alcohol,  it 
forms  shining,  deep  yellow,  well-defined  monoclinic  prisms,  melting  at  160°,  insoluble 
in  tpaier,  nearly  insoluble  in  cold  alcohol,  soluble  in  hot  alcohol,  very  soluble  in  ether. 
It  dissolves  in  weak  potash,  forming  a  red-brown  solution,  from  which  hydrochloric 
acid  throws  down  prisms  consisting  of  a  peculiar  acid. — Bichloroquinone  dissolves 
slightlpr  in  ammonia^  forming  a  yellow  solution  gradually  changing  to  red  and 
brownish-black.  Sulphuric,  hydrochloric,  nitric,  and  acetic  acids  dissolve  dichloro- 
quinone,  especially  when  hot^  and  deposit  it  in  crystals  on  cooling.  Sulphurous  scid 
at  the  boiling  heat  converts  it  into  dichlorohydroquinone  or  mchloroquinhydrone. 
(Stadeler,  ho  cit.) 

Trichloroquinone,  C«H«a»0«.  (Woskresensky,  J,  pr.  Chem.  xviii.  419. — 
Stadeler,  Ann.  Ch.  Pharm.  Ixix.  318.) — ^Produced  by  the  direct  action  of  chlorine 
on  quinone;  also,  together  with  the  other  chloroquinones,  by  the  action  above-mentioned. 
The  action  of  chlorine  on  quinone  is  so  violent  at  first,  that  the  vessel  requires  to  be 
kept  cool  at  the  beginning,  but  towards  the  end  of  the  process  it  must  be  suroimded 
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with  Ixnling  water.  The  product  then  volatUises  with  the  yapoors  of  hydrochloric 
acid,  and  is  deposited  in  crystals  on  the  cold  parts  of  the  apparatus ;  it  may  be  purified 
by  crystallisation  from  hot  alcohol. 

Trichloroquinone  forms  small  yellow  prisms  melting  at  160^  and  subliming  at  a 
lower  temperature.  It  does  not  colour  the  skin,  is  quite  insoluble  in  water^  yery 
soluble  in  UKer^  raluble  in  hot  alcohol.  Aqueous  potash  colours  it  green,  and  forms  a 
brown  solution,  which  gradually  deposits  long  needles  of  a  red  salt,  the  acid  of  which 
is  precipitated  by  hydrochloric  acid  in  red  needles. 

Trichloroquinone  is  coloured  green  by  strong  aqueous  ammonia^  but  the  solution 
gradually  assumes  a  brown-red  colour,  and  yields  by  spontaneous  evaporation  hard 
dark-brown  crystals. — Sulphuric  and  niiric  acids  dissolve  trichloroquinone  without 
alteration ;  sutphurous  acid  converts  it  into  trichloroquinone. 

The  alcohobc  solution  of  trichloroquinone  does  not  precipitate  acetate  of  lead  or 
nitrate  of  silver. 

Tetraehloroquinone,  Perchloroquinone^  or  Chloranil^  C*C1*0*.  ^Erd- 
mann,  J.  pr.  Chero.  xxiii.  273  and  279;  Hof maun,  Ann.  Ch.  Pharm.  lii.  56; 
Hesse,  ibid,  cxiv.  303.) — This  compound  is  formed  by  the  action  of  a  mixture  of 
hydrochloric  acid  and  chlorate  of  potassium  on  qui  none,  aniline,  phenol,  trichloro- 
phenol,  dinitrophenol,  trinitrophenol,  salicin,  salicylous  acid,  SHlicylic  acid,  nitrosali- 
cylic  acid,  isatin,  chlorisatin,  dichlorisatin,  and,  according  to  Wagner  (J.  pr.  Chem. 
IxviL  441),  on  pyrocatechin ;  also,  together  with  the  other  ohloroquinones,  when 
quinone  is  heated  with  peroxide  of  manganese,  sulphuric  acid,  and  common  salt, 
(p.  28). 

Preparation, — 1.  From  Phenol:  Strong  hydrochloric  acid  in  poured  upon  phenol  in 
a  basin ;  chlorate  of  potassium  added  in  small  crystals ;  and  the  mixture  heated  as 
soon  as  the  first  violent  action  is  over,  the  heating  being  continued  for  some  time,  till 
in  fact  the  phenol,  which  at  first  becomes  thick  and  red-brown,  is  converted  into  a  light 
yellow  crystalline  mass,  which,  after  washing  with  water,  may  be  crystallised  from 
boiling  aloohoL  The  transformation  takes  place  more  quickly  when  the  phenol  is 
dissolved  in  boiling  water  or  in  alcohol ;  but  if  alcohol  be  used,  it  is  necessary,  on 
account  of  the  readiness  with  which  explosion  takes  place,  to  use  more  dilute  hydro- 
chloric add,  and  to  add  the  chlorate  gradually  (Hof  man  n). — 2.  From  Salicin:  This 
substance  is  dissolved,  together  with  chlorate  of  potassium,  in  boiling  water;  and  small 
quantities  of  hydrochloric  acid  are  added,  whereupon  the  solution  immediately  acquires 
a  deep  orange-yellow  colour,  and  becomes  covered  with  a  crust  of  small  crystals  of 
perchloroquinone,  amounting  to  30*27  per  cent,  of  the  salicin.  If  the  salicin  be  first 
heated  with  hydrochloric  acid  alone,  saliretin  is  formed,  which,  when  afterwards  heated 
with  chlorate  of  potassium,  does  not  jield  any  percliloroquinone  (Hofmann).— 
8.  Quinone,  or  the  wash- water  obtained  in  its  preparation  (p.  27 )>  may  also  be  boiled 
with  hydrochloric  acid  and  chlorate  of  potassium. 

Properties. — Perchloroquinone  forms  pale-yellow  scales,  having  a  nacreous  and 
metallic  lustre.  When  gently  heated,  it  sublimes  completely  without  melting,  but  if 
suddenly  heated,  it  melts,  and  suffers  partial  decomposition.  It  is  insoluble  in  water, 
and  nearly  insoluble  in  cold  alcohol ;  but  dissolves  in  boiling  alcohol,  forming  a  pale- 
yellow  solution,  from  which  it  crystallises  on  cooling  in  iridescent  scales  resembling 
iodide  of  lead.    Ether  dissolves  it  somewhat  more  readily  than  alcohol. 

Perchloroquinone  is  not  acted  upon  by  hydrochloric,  nitric,  or  ordinaiy  sulphuric 
acid,  even  at  the  boiUng  heat  (Erdmann),  but  dissolves  without  alteration  in /uminff 
sulphuric  acid,  and  in  a  mixture  of  sulphuric  and  nitric  acids  (Hesse).  Sulphurous 
acid  conyerts  it  into  tetrachlor-hydroquinone  or  chlorhydranil  (Stiideler).  Sul- 
phurous  anhydride  passed  through  a  warm  mixture  of  tetrachloroquinone  and  strong 
alcohol,  forms  octochlorinatcd  ethyl-dihydroquinone  (iii.  217),  prol»bly  thus: 

2(X)1«0«  +  CHH)  +  8H«0  +   2S0«     -     C»«H«(C»H»)C1»0«  +   2H«S0*. 

In  like  manner  with  sulphurous  anhydride  and  glacial  acetic  acid,  it  yields  octochlo- 
rinatcd acetyl-dihydroquinone  (Hesse).  A  hot  filtered  solution  of  perchloroquinone 
in  concentrated  aqueous  acid  sulphite  of  potassiwn de^^ita  crystals  of  thiochronate 
of  potassium,  C*H«K*S*0'*  (Hesse),  thus: 

CHn«0«  +   4SHK0«  +   2HK)     -     C*H*K^SH)>«   +  4Ha  +  C0« 

A  solution  of  tetrachloroquinone  in  concentrated  acid  sulphite  of  ammonium  yields  on 
cooling  colourless  crystals,  consisting  of  theammonium-sfdtof  dichloro-disulphosalicylie 
arid,  C*H*C1-SH)',  an  acid  which  may  be  regarded  as  derived  from  sulphosalicylic  acid 
((J«H«O.CO».SO»),  by  the  substitution  of  a«  for  H«  and  of  SO*  for  CO*  (Hesse).  The 
maion  of  the  ammonium-salt  takes  place  as  shown  by  the  equation : 

(>C1*0«  +  2SH(NH*)0«  +  2S0»  +  3H«0  -  C*H'(NH*)«a«SK)'  ♦  2Ha  +  2H«S0<. 
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Perchloroqninone  heated  to  100^  in  a  glass  tube,  with  dry  acetate  of  silver  and  a  Mult 
ether,  yields  chloride  of  silrer  and  dichloroquinojlic  acid ;  probably  thus : 

C«a*0«  +  2C«H«AgO«     =     2AgCl  +  OH«0«  +   C«C1«0»  (Hesse.) 

Ferchloro-  AcetJite  of  Ac«Cic  an-      DichloroqufnojUc 

quinon*.  sil?er.  hydride.  anhydride. 

Perchloroqninone  dissolves  easily  in  hot  dilate  potash  or  soda,  forming  a  purple  liquid, 
which  on  cooling  deposits  dichloroquiuoylate  (chloranilate)  of  potassium  or  sodium 
(p.  34) : 

C*Ci*0*  +  2H*0     -     C«H«C1«0«  +  2HCa. 

It  dissolves  easily  also  in  aqueous  monosulphide  of  potassium,  forming  a  yellow  liquid, 
which  in  contact  with  the  air  quickly  turns  brown  and  finally  black,  and  deposits  a 
black  granular  powder.  The  recently  prepared  yellow  solution  yields,  with  hydro- 
chloric acid,  a  yellowish-white  precipitate,  soluble  in  alcohol,  ether,  and  caustip 
potash. 

Perchloroqninone  heated  with  aqueous  ammonia  is  conrerted  into  dichloroquinoyla- 
mate  of  ammonium ;  with  alcoholic  ammonia  it  yields  the  saune  salt,  together  with 
dichloroquinoylamide  (Laurent): 

(X;i*0«  +  NH«  +  HK)     =     CirCl'NO*  +  2HCL 

Ferchloro-  Dichlnroquinoy- 

qulnone.  Iimlc  i  cid. 

C*C1^0«  +   2Nn»  -      OH^Cl*xS*0«  +   2HCL 

Ferchloro-  Dichlnroquimn  1- 

quiuone.  diamide. 

With  anilinr  in  presence  of  alcohol,  perchloroqninone  yields  diphenyl-dichloroquinoyl-' 
diamide.     (Hofmann,  iv.  426.) 

QirXiromc  ACn>.  C*=1I"0*?— An  add  obtiuned  by  Schoonbroodt  (Bull. 
Soc.  Chim.  1861,  p.  107),  by  heating  quinone  with  potash,  but  reiy  imperfectly  de- 
scribed. When  heated  with  excess  of  potash,  it  is  said  to  yield  a  brown  empyreummtic 
oil,  C*'H*0*,  insoluble  in  water,  and  solidifyinp;  in  the  cold  to  brown  crystallina 
laminae.  With  the  vapour  of  fuming  nitric  acid,  this  oil  forms  a  nitro-compound 
insoluble  in  water ;  and  from  tliis.  by  the  action  of  zinc  and  Hulphuric  arid,  u  colourloas 
base  is  said  to  be  obtained,  soluble  in  alcohol,  iuRolublc  ij  ether,  slightly  soluble  in 
water,  and  forming  uncrystalligable  salts,  wliich  have  a  sharp  bitter  taste,  and  yield 
with  potash  or  ammonia  a  precipitate  insoluble  in  excess  of  the  reagent. 

The  name  quinonic  acid  is  also  used  as  ej'nonymons  witli  quinoylic  acid 
(p.  34). 

>f  or   Cinchonaiannic    acid.    (Berzelivs,    Zehrbuch, 


3  Aufl.  Ti.  246.— Pelletier  and  Caventou,  Ann.  Ch.  Phys.  [31  xv.  337.— R. 
Schwarz,  J.  pr.  Chem.  h-i.  76.) — Cinchona-barks  contain  a  tannic  acid  different  from 
gallotannic  acid,  which  imparts  to  them  the  property  of  precipitating  tartar-emetic 
greyish-yellow,  colouring  ferric  salts  green,  and  precipitating  a  solution  of  gelatin 
(Berzelius).  The  tannin,  both  from  brown  and  from  red  cinchona-bark,  precipitates 
ferric  salts  dark-green  ;  that  from  yellow  cinchona-bark  forms  a  lighter  green  precipitate 
with  ferric  salts.     (Pelletier  and  Caventou.) 

Preparation. — The  decoction  of  cinchona-bark  is  mixed  with  a  small  quantity  of 
calcined  magnesia,  which  precipitates  cinchona-red ;  the  filtrate  is  precipitated  with 
neutral  acetate  of  lead ;  the  precipitate  is  decomposed  under  water  by  sulphydrie 
acid ;  the  liquid  filtered  from  the  sulphide  of  lead  is  precipitated  with  basic  acetate 
of  lead;  the  precipitate  separated  by  filtration  is  dissolved  in  dilute  acetic  acid 
(which  leaves  cinchona-red  tmdissolved) ;  and  the  filtrate  is  precipitated  by  am- 
monia. The  light-yellow  precipitate  is  washed  and  decomposed  by  sulphydrie  acid, 
and  the  liquid  filtered  from  the  sulphide  of  lead  is  again  precipitated  by  an  alcoholic 
solution  of  neutral  acetate  of  lead.  If  the  quinotannate  of  lead  thus  obtained,  be 
decomposed  under  water  by  sulphydrie  acid,  and  the  liquid,  filtered  from  the  sulphide 
of  lead,  be  evaporated  in  vacuo  over  oil  of  vitriol  and  a  mixture  of  ferrous  sulphate 
and  lumps  of  potash,  quinotannic  acid  remains  behind,  but  already  somewhat  altered. 
(Schwarz.) 

Quinotannic  acid  is  a  light-yellow,  friable,  very  hygroscopic  mass,  which  becomes 
electric  by  friction.  Its  taste  is  slightly  sour  and  somewhat  astringent,  but  not  at  all 
bitter.  It  dissolves  in  water,  alcohol,  and  ether  ;  the  ethereal  solution  is  nearly  colour- 
less. [The  acid  cannot  be  extracted  from  the  bark  by  means  of  ether,  because  it  is 
in  combination  with  an  alkali.]  Schwarz  found  it  to  contain  44*75  per  cent,  carbon, 
6*49  hydrogen,  and  49*76  oxygen,  whence  he  deduces  the  formula  C**H'*0**. 

Quinotannic  acid  subjected  to  dry  distillation  gives  off  an  odour  of  phenol.  Its 
aqueous  solution  rapidly  absorbs  oxygen  from  the  air,  especially  in  presence  of  fixed 
alkalis  acquiring  a  brown-red  colour,  and  yielding  cinchona-red  (i.  969).    A  concen- 
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tinted  solution  of  tbe  add,  boilod  with  a  little  hydrochloric  acid,  deposits  red  flocks, 
which  dissolve  with  gre<»ii  colour  in  alkaline  liquids  (Schwarz).  From  the  concen- 
trated aqueous  solution,  hydrochloric  and  sulphuric  acids  throw  down  compounds  of 
quinotannic  acid  with  those  acids,  but  less  easily  than  from  aqueous  gallotannic  acid. 

Quinotannic  acid  unites  with  bases,  forming  salts  which  decompose  in  contact  with 
the  air,  much  more  easily  than  the  gallotannates,  yielding  cinchona-red  and  a  carbo- 
nate.    (Berzelius.) 

With  starch,  ff- latin,  and  white  of  egg,  quinotannic  acid  reacts  like  gallotannic  acid. 
It  colours /tfrncA?/^*  green,  and  produces  an  abundant  yellowish-grey  precipitate  with 
tartar-emetic.  Its  aqueous  solution  mixed  with  gallotannic  acid  dries  up  to  a  transpa^ 
rent  ramish. 


See  QuixoviN. 

CH'^O*.  (Hlasiwetz  and  Oilm,  Ann.  Ch.  Phann. 
cxi.  182;  Jahresb.  1859,  p.  681.]| — A  saccharine  substance  produced,  together  with 
quiuovic  acid,  by  the  action  of  hydrochloric  acid  gas  on  quinovin  in  alcoholic  solution 
(p.  32).  It  remains  in  the  acid  mother-liquor  from  which  the  quinoyic  acid  haa 
crystallised  out,  and  may  be  separated  by  quickly  neutralising  the  liquid  with  anhy- 
drous carbonate  of  sodium  or  carbonate  of  lead,  filtering,  washing  the  precipitate  witJi 
a  small  quantity  of  absolute  alcohol,  then  distilling  off  the  alcohol,  evaporating  to 
dr^Tiess  at  100°,  treating  the  residue  with  water,  evanomting  Hgain,  and  exhausting 
the  residue  with  absolute  alcohol.  The  alcoholic  solution  thus  obtained  leaves  the 
quinova-sugar,  on  evaporation,  as  an  unci^ystallisable  hygroscopic  mnss,  having  a  faint 
and  slightly  bitter  taste.  It  emits  an  odour  of  caramel  when  heated,  gives  off  a  little 
water  when  exposed  for  some  time  to  a  temperature  of  100",  reduces  an  alkaline 
cupric  solution  only  when  concentrated.  It  resembles  mannitan  more  than  any  other 
kind  of  sugar. 

QUZWOVATAVmO  ACZD.  A  tannic  acid  obtained  by  Hlasiwetz  (Ann. 
Ch.  Pharm.lxxix.  130;  Gm.  xv.  484),  from  the  bark  of  Cinchona  nova  or  C.  surinamen" 
sis.  It  is  very  much  like  quinotannic  acid,  but  differs  from  the  latter  in  having  4 
somewhat  bitter  taste,  and  in  not  giving  a  precipitate  with  gelatin  or  tartar-emetic.  It 
yielded  by  analysis  51*8  per  cent  carbon  and  5*8  hydrogen,  whence  Hlasiwetz  deduces 
the  formula  C^WCP,  requiring  5201  C,  69  H,  and  421  0. 

QVXVOVATZC  ACZB.     See  Quinovik. 

QVZWOVZC  ACZ]>.  C'*K**0*.  (Hlasiwetz  and  Gilm,  Ann.  Ch.  Pbarm.  cxj. 
1829 ;  Jahresb.  1859,  p.  679.) — This  term  was  originally  used  as  a  synonym  for 
quinovin  or  quinova-bitter,  but  is  now  applied  by  Hlasiwetz  to  an  acid  produced, 
together  with  quinova-sugar,  by  the  decomposition  of  quinovin. 

When  dry  hydrochloric  acid  gas  is  passed  into  a  solution  of  quinovin  in  strong 
alcohol,  the  liquid  becomes  hot,  and  deposits  quinovic  acid  as  a  white  crystalline 
powder,  while  quinova-sagar  remains  in  solution.  The  quinovin  may  be  obtained  pure 
by  washing  it  with  alcohol,  then  boiling  it  with  a  large  quantity  of  strong  alcohol, 
concentrating  the  solution  by  distillation,  and  leaving  it  to  cool.  The  quinovin  is  then 
deposited  as  a  white  sandy  powder  composed  of  six-sided  laminse,  belonging  to  the  tri- 
mutric  system.  It  is  tasteless,  insoluV)le  in  water^veTj  slightly  soluble  in  cold,  and  not 
veiT  freely  in  boiling  alcohol,  s^^aringly  soluble  in  riher.  It  has  the  properties  of  a  weak 
acid,  and  dissolves  easily  in  alkalis;  but  is  precipitated  from  tbe  ammoniacal  solution 
by  strong  acids  as  a  bulky  gelatinous  mass,  which  becomes  pulverulent  when  left  for 
some  time  under  the  liquid.     The  alcoholic  solution  is  not  coloured  by  ferric  chloride. 

Quinovic  acid  does  not  lose  weight  at  140**.  When  somewhat  strongly  heated  on 
platinum-foil,  it  melts  and  solidifies  to  a  fissured  mass ;  at  a  higher  temperature  it 
gives  off  a  vapour  smelling  like  incense,  and  bums  with  flame,  leaving  no  residue.  By 
dry  distillation  it  first  gives  off  an  oil  smelling  like  oil  of  turpentine,  then  vapours 
having  an  odour  of  incense,  and  a  thickish  amber-vellow  liquid,  which  condenses  in  the 
neck  of  the  retort.  It  is  scarc»»ly  affected  by  hydrochloric  or  even  by  boiling  nitric 
•acid  ;  it  dissolves  in  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  Wlien 
triturated,  or  wanned  with  ph/tsphoric  chloride,  it  liquefies,  evolving  hydrochloric  acid, 
and  on  distillation,  gives  off  phosphoric  oxychloride,  leaving  a  blackened  residue. 

Quinovates. — Quinovic  acid  is  dibasic,  the  general  formula  of  its  salts  being 
C**H*OI*0*.  It  dissolves  in  alkalis  and  decomposes  alkaline  carbonates,  but  its  ammonia- 
cal solution  gives  off  ammonia  on  evaporation.  The  same  solution  gives  precipitates 
with  salts  of  the  heavy  met&h.— The  potassium-salt,  2C*^R**K^0*.ZW0  (at  160°),  is 
obtained  as  a  bulky  pasty  precipitate,  on  adding  strong  caustic  potash  to  a  concentrateil 
ammoniacal  solution  of  the  acid,  also  by  concentrating  a  solution  of  the  acid  in  potash. 
—The  sodium-salt  resembles  it,  and  is  obtained  in  like  manner. — ^The  barium-,  stron- 
tium-, and  calcium-salts  separate  as  gelatinous  precipitates,  on  adding  the  corresponding 
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chlorides  to  the  ammoniacal  Bolation  of  the  acid. — ^The  copper-salt  is  a  li^rht-blne  pre- 
cipitate, whose  composition  (at  120®)  is  approximately  represented  by  the  formula 
C**H"H3n''0*.6lPO. — The  tUoersalt  is  a  bulky  precipitate,  quickly  changing  on 
exposure  to  light,  and  exhibiting  when  dried  in  a  vacuum,  and  then  at  120°,  the  com- 
position C««H*Ag«0*. 

QUZWOVZV.  C'H^K)*.  Quinova-hitter ;  formerfy  also  called  Quinovic^  Q^anova' 
tic,  or  Chiococcie acid.  (Felletier  and  Caventou,  J.  Pharm.  vii.  112. — Winckler, 
Rupert.  Pharm.  li.  198. — Buchner,  jun.  Ann.  Ch.  Pharm.  xvii.  161. — Peterson, 
ibid.  xvii.  166. — Schnedermann,  ibid,  xlv.  277. — Rochleder  and  Hlasiwet^ 
^d.  Ixxvi.  238.— Hlasiwetz,  ibid.  Ixxix.  129.oSchwarz,  i6i^.  Ixxx.  330.— Hlasi- 
wetz  and  Gilm,  t6uf.  cxi.  182;  Jahresb.  1859,  p.  678). — A  substance  discovered  by 
Pelletier  and  Caventou  in  the  false  cinchona-bark  of  commerce  {Cinchona  nopa\ 
found  also  by  Schwa rz  and  by  De  Vrij  (J.  Pharm.  [3]  xxxvii.  266)  in  the  true  cin- 
chona-barks. According  toRochleder  and  Hlasiwetz,  quinorin  (or  perhaps  rather 
quinovic  acid)  is  formed  by  the  action  of  acids  and  alkalis  on  cai'ncic  acid  (i.  710).  It 
may  be  extracted  from  false  cinchona-bark  by  boiling  with  milk  of  lime,  precipitating 
the  extract  with  hydrochloric  acid,  and  purified  by  dissolving  the  precipitate  in  alcohol, 
reprecipitating  with  water,  and  repeating  this  operation  till  a  perfectly  colourless  pro- 
duct is  obtained.     (Schnedermann.) 

According  to  De  Vrij,  the  crude  quinova-bitter  extracted  from  cinchona-bark  may  be 
separated  by  chlorufurm  into  quinovin,  soluble  in  that  liquid,  and  easily  soluble  in 
alcohol ;  and  quinovic  acid,  insoluble  in  chloroform  and  only  sparingly  soluble  in  alcohol. 
He  obtained  quinova-bitter  from  all  parts  of  Cinchona  Catiaaya,  cultivated  in  Java : 
from  the  woody  parts  of  the  roots,  2  67  per  cent ;  from  the  root-bark,  1*08  ;  from  the 
wood  of  the  stem,  1*80  ;  from  the  bark  of  the  stem,  0*36  ;  from  the  bark  of  the  woody 
branch4»s,  0*68 ;  from  the  herbaceous  stalks,  0*85 ;  and  from  the  dried  leaves,  0*23 
per  cent.  The  amount  of  quinova-bitter  in  the  several  organs  (excepting  the  leaves^ 
which  contam  no  alkaloids)  is  inversely  proportional  to  the  quantity  of  alkaloids  present. 

Quino\'in  when  dry  forms  amorphous  firagments  resembling  gum.  It  has  a  Teiy 
bitter  taste,  is  nearly  insoluble  in  water^  moderately  soluble  in  ether^  very  soluble  in 
€ilcoholf  and  is  not  deposited  from  its  solutions  in  the  crystalline  stat^  (Schneder- 
mann). It  is  soluble  in  chloro/orm,  and  turns  the  plane  of  polarisation  of  a  luminous 
ray  to  the  right,  but  less  strongly  than  quinovic  acid.    (De  Vrij.) 

The  analyses  of  quinovin  (or  quinova-bitter)  by  different  chemists  do  not  exhibit 
Tery  close  agreement,  proliablv  because  some  of  the  products  examined  consisted  of 
crude  quinova-bitter,  containing  quinovic  acid  as  well  as  quinovin.  Schnedermann 
found  67*2  per  cent,  carbon,  9*05  hydrogen;  Hlasiwetz,  666  earlxm  and  8*9  hydrogen — 
numbers  agreeing  nearly  with  the  formula  C*"H"0*,  which  requires  67*2  carbon,  9*0 
hydrogen,  and  11 '9  oxygen. 

Quinovin  yields  by  diy  distillation  a  thick  oil,  having  a  strong  odour  of  incense  and 
petroleum,  together  with  a  small  quantity  of  shining  crystals.  With  nitrous  acid  it 
gives  off  red  vapours ;  and  on  adding  water  to  the  solution,  white  amorphous  flocks  are 
precipitated,  together  with  a  resinous  matter ;  no  oxalic  acid  is  produced. 

When  dry  hydrochloric  acid  gas  is  passed  into  the  alcoholic  solution  of  quinoiin,  the 
latter  is  resolved  into  quinovic  acid  and  quinova-sugar  (Hlasiwetz): 

CioH«o»  +  H«0     -     C«H»0*  +  C^'»0». 

QUZWOTZi.  A  diatomic  radide,  which  may  be  supposed  to  exist  in  quinone  and  its 
derivatives,  quinone  itself  being  regarded  as  the  hydride  (C'H'-0*)''H^  dichloroquinone 
aa  the  chloride  of  quinoyl  (C'IP0*)"C1',  a  view  which  is  in  accordance  with  its  reactions 
with  alkalis  (p.  28),  and  perchloroquinone  in  like  manner  as  the  chloride  of  dichloro- 
quinoyl  (C«CP0«)''C1«. 

QUZWOT&AMZO  ACZB,  (C*H'0<)''Vq  ,  is  not  known;  but  dichloroquinoy- 

H       } 
H*      •) 
lamic  acid,  C*H»C1«N0«  -  ((XlWrl^,    also    called    dicMoroquinonamic  acid, 

chloranilanif  and  chloranUamic  acid,  was  discovered  by  Erdmann  (J.  pr.  Chem.  zxii. 
287),  and  further  examined  by  Laurent  (Ann.  Ch.  Phys.  [31  iii.  493).  It  is 
produced  by  the  action  of  aqueous  ammonia  on  perchloroquinone  (chloranil): 

e»ci*o«  +  NH«  +  mo   «   c«H«crao*  +  2Hcl 

The  resulting  red  liquid,  when  concentrated,  deposits  crystals  of  dichloroqninoylamate 
of  ammonium ;  and  on  mixing  a  saturated  solution  of  this  salt  with  hydrochloric  or 
sulphuric  add,  dichloroquinoylamic  acid  is  deposited  on  cooling  in  black  needles  con- 
taining 2(}*H'C1*N0'.6HH),  having  a  fine  adamantine  lustre  and  often  several  inches 
long :  it  may  be  purified  by  crystallisation  from  boiling  water. 
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alkalis,  but  soluble  in  benzene,  bj  which  it  may  be  separated  from  another  sabstanee^ 
formed  in  the  same  reaction.    (Hesse.) 

qimrOTXiZO   ACXB,  or   Quinonic  acid,  ^        ^  |o^  is  not  known,  bat  it0 

dichlorinated  derivatire  has  been  obtained. 

Dichloroquinoi/lic  acid,  C«H«a»0*  -  ^^^^*^/ ^O^-^Dichioroquinonie  acid, 

Chlora7itlic  arid  (Erdmann,  J.  pr.  Chem.  xxii.  281). — Produced  by  the  action  of 
potash  on  percliloroquinone,  dichloroquinoylamide,  or  dichloroquinoylamic  acid.  Ohtt 
adding  hydrochloric  acid  to  a  solution  of  perchloroquinone  in  warm  potash-ley,  tha 
liquid  turns  red,  and  deposits  dichloroquinoylic  acid  in  yellowish-white  nacreoos  scales, 
which,  when  collected  on  a  filter  and  viewed  in  mass,  exhibit  the  colour  of  minium. 

The  crystallise!  acid  contains  71  per  cent.  (=1  at.)  water  of  crystallisation,  which 
it  gives  off  at  115° ;  when  heated  in  a  test-tube  it  partly  sublimes  unaltered,  but  a  con- 
siderable portion  turns  brown  and  decomposes.  It  dissolves  in  water,  forming  a  Tiolet 
solution,  from  which  it  is  precipitated  by  sulphuric  or  hydrochloric  acid. 

Dichloroquinoylic  acid  is  dibasic. 

The  potassium-talt,  C«K*C1K)*.HK),  is  deposited  in  crystals  from  a  solution  of  per- 
chloroquinone in  warm  caustic  potash  on  cooling,  and  so  completely  that  the  mother* 
liquor  retains  only  a  very  faint  reddish  or  brownish  tint.  It  is  purified  by  recrystaUi- 
sation  from  water.  The  crystals  do  not  give  off  their  water  at  100°.  The  salt  heated 
on  platinum-foil  bums  with  slight  detonation,  giving  off  purple  vapours.  It  dissolvea 
in  water  and  alcohol,  with  purple  colour,  inclining  to  violet ;  letis  freely  in  potash.  Its 
aqueous  solution  precipitates  several  metallic  salts. — The  neutral  ammoniuni'Sa/t,  pro- 
duced by  the  action  of  aqueous  ammonia  on  perchloroquinone,  crystallisea  like  the 
potassium-salt. 

The  barium-salt  is  obtained  by  precipitation  with  chloride  of  barium,  in  red-brown 
micaceous  scales,  slightly  soluble  in  boiling  water.  Cobalt-saJtSt  nickd-aalts,  Bud/^rrous 
salts  are  not  precipitated  by  dichloroquinoylate  of  potassium. 

Ferric  dicMoroquinoylate  is  a  blackish  prt'cipitate,  obtained  with  ferric  nitrate.  The 
eupric  sait  is  a  greenish-brown,  the  lead-salt  a  brown  precipitate.  The  mercurous  $alt 
is  a  yellowish-brown  precipitate  obtained  with  mercurous  nitrate.  Mercuric  chloride 
gives  no  precipitate. — The  silver-salt,  C*Ag*Cl*0*,  is  a  brown-red  pulvemlent  ^reOf 
pitate,  which  dissolves  but  very  slightly  in  water,  forming  a  reddish  solution. 

QVXirTBSBBWCB.  The  alchemists  distinguished  four  essences,  answering  to  the 
four  Aristotelian  elements ;  to  these  Raimund  Lullius  added  a  fifth,  namely  alcohol, 
denominated  quinta  essentia  on  account  of  its  enlivening  action.  The  term  iasometimee 
also  used  to  denote  the  therapeutic  constituents  of  any  substance. 

QirxVTO.    Prefix  synonymous  with  "Pestx. 

QUZ&ZWS  OZXto  A  kind  of  rock-oil  or  petroleum,  of  thickish  consistence,  so 
called  from  the  Chapel  of  St.  Quirinus,  at  Tegemsee,  near  which  it  issues.  It  it 
brownish-yellow,  olive-green  by  reflected  light,  and  has  a  specific  gravity  of  0*885« 


R 

.  C«H«0«  -  (C*HW)'- 1 Q,     Paratartaric  acid.      Uvic  acid, 

Traubensdure. — ^An  acid,  isomeric  with  tartaric  acid,  but  distinguished  from  the  latter 
by  several  characters,  and  chiefly  by  its  optical  properties, — tartaric  acid  exhibiting  the 
power  of  circular  polarisation,  whereas  racemic  acid  is  optically  inactive,  but  may  be 
separated  into  equal  quantities  of  dextrotartaric  and  Isevotartarie  acids,  exerting 
equal  and  opposite  actions  on  polarised  light.  There  is  also  a  modification  of  tartarie 
acid,  called  inactive  tartaric  acid,  likewise  optically  inactive,  but  not  separable  into 
the  two  optically  opposite  acids. 

Hacemic  acid  exists  ready-formed  in  certain  tartars,  and  was  discovered  in  1822  by 
Kestner,  a  manufacturer  of  tartaric  acid  at  Thann,  in  the  Vosges,  who  obtained  it  in 
large  quantity  from  the  tartars  produced  in  the  vintages  of  1822-1824.  It  has  since 
been  found  by  Kestner  and  others  in  the  crude  tartars  of  Austria,  Hungary,  Saintonge, 
and  especially  of  Italy,  bat  never  in  such  quantity  as  from  those  in  which  it  was  first 
discovered. 

It  is  formed  artificially  by  several  processes : — 1.  By  the  direct  combination  of  equal 
weights  of  dextrotartaric  and  laevotartaric  acid. — 2.  By  the  action  of  heat  on  tartario 
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water,  and  half  neutraliuing  with  nmuonia,  acid  racrmate  of  amtnonium  crystallifes 
out  first,  while  the  more  soluble  inactive  tartrate,  constituting  about  two-thiras  of  the 
whole,  remains  dissolved.  Inactive  tartaric  acid  may  also  be  partly  conyerted  into 
racemic  acid  by  boiling  with  hydrochloric  acid. 

Properties. — Racemic  acid  forma  hydrated  ciTstals,  C*H*0*.H"0,  belonging  to  the 
triclinic  sytera.  Dominant  combination  :  oo'J* .  ooPoo  .  ooP^' .  oo^oo  .  ^oo  .  J^aa  •'^ ,•  ? 
sometimes  with  oP.F.  and, I*'*.  Angle 'Poo  :  oofoo  -  128«33';  'P'oo  :  ooPoo  — 
U2P  32';  00 'P:  oo  Poo  «  110°  46';  «)'^P :  Poo  »  1290  61';  ooPoo  :  odF,  - 
162°  64';  ooP':  ooPoo  =  146°  SC;  'Fooi^Pw  -  111©  67';  'P'«>  :  ooF.  -  118« 
32* ;  *?  00  :  oo'  P  «  107°  28' ;  'P'oo  :  oof  oo  -  84*=>  26* ;  'P  oo  :  oo  ,P  -  120<>  32\  Ratio 
of  axM,  a.b'.c  a-  0*48434  :  1  :  0  80602.  Angle  a  »  120°;  ^  -  96<>  19';  7  -> 
76°  6'.    (De  la  Provostaye,  Ann.  Ch.  Phys.  [3J  iii.  131.) 

The  cr}'8tAl8  have  a  specific  gravity  of  1690  (Baign«t,  Jahresb.  1861,  p.  16):  they 
efiioresce  sluwly  on  exposure  to  the- air,  give  off  all  their  water  of  cr^'stAllisation  at  100^, 
di£t8olve  in  5*7  pts.  water  at  16®,  and  in-  48  pts.  cold  alcohol  of  specific  gravity  0-809. 
In  these  respects  racemic  acid  differs- considerably  from  tartaric  acid,  which  forms 
anhydrous  monoclinic  cr^'stals,  much  imxe  soluble  in  water  than  those  of  racemic  acid. 

Towards  reagents  racemic  acid  behaves  for  the  most  part  like  tartaric  acid.  Its 
calcium-salt  is,  however,  less  soluble  than  the  tartrate,  so  that  racemic  acid  precipitates 
a  solution  of  gypsum,  whereas  tartaric  acid  does  not.  Racemate  of  calcium  is  likewise 
insoluble  in  acetic  acid,  whereiis  the  tartrate  is  soluble.  On  adding  ammonia  to  a 
solution  of  calcic  racemate  in  hydrochloric  add,  a  crystalline  precipitate  is  formed  in 
a  few  seconds ;  whereas  with  the  tartrate,  the  precipitation  does  not  take  place  for 
sevtTal  hours. 

Racemic  acid  when  heated  above  100°,  remains  unaltered  up  to  200'^,  and  then  yields 
the  same  products  as  tartaric  acid ;  being  converted,  before  complete  decomposition 
takes  place,  into  tartrelic  acid,  tartralic  acid,  and  other  products  formed  by  abstraction 
of  water,  which,  however,  have  not  been  completely  investigated.    (See  Tartabic  Acid.) 

When  a  solution  of  neutral  racemate  <>f  ammonium  is  mixed  with  a  small  quantity 
of  the  soluble  portion  of  beer-yeast,  or  an  albuminous  body,  a  vegetable  extract,  or 
any  animal  liquid,  and  exposed  to  a  temperature  of  30°,  fermentation  takes  place, 
and  the  whole  of  the  racemic  acid  is  converted  into  laevotartaric  acid  (Pasteur, 
Jahresb.  1868,  p.  248).  The  same  transformation  is  produced  when  acid  racemate 
of  ammonium  is  fermented  under  the  influence  of  PenicilUum  glaucum.  (Pasteur, 
Jahresb.  1860,  p.  260.) 

Saoemates.  Racemic  acid,  like  tartaric  acid,  is  tetratomic  and  dibasic,  the 
formulse  of  the  racemates  containing  monatomic  metals  being : 

Neutral  Racemates  C*H*M*0«     -     (C*H«0«y»  10*. 

M«       j 

AddRacematee         C*H»MO«     -     (C«H«0«)«' lo«. 

HM      j 

With  diatomic  metals  it  forms  only  neutral  salts,  C^H^M'^O*. 

The  racemates  are  very  much  like  the  corresponding  tartrates,  but  their  crystalline 
forms  are  always  holohedral,  and  their  solutions  exert  no  action  on  polarised  light; 
whereas  the  tartrates  are  hemihedral,  and  exhibit  circular  polarisation  (see  Light,  iiu 
676).  Most  of  the  racemates  have  been  analysed  by  Fresenius  (Ann.  Ch.  Pharm. 
xli.  1 ;  liii.  230). 

Racemates  of  Ammonium. — The  neutral  salt,  C'H*(NH*)'0*,  obtained  by  spon- 
taneous evaporation  of  a  solution  of  the  acid  neutralised  with  ammonia,  crystallises  in 
rhombic  prisms  exhibiting  the  dominant  combination,  ooP  .  oof  2  .  ^  f*x  .  P  .  Poo  . 
|Poo.  Angle  ocP:  ooP  =.  99°  30';  ooP  :  oot2  =-  160°  60';  Poo  :  Poo  »  118^; 
P  00  :  fPoo  =  169°  Ratio  of  axes,  a:b:o  =  06087  :  1  :  08466.  The  crystals  when 
exposed  to  the  air  become  dull,  and  give  off  ammonia:  they  are  very  soluble  in  water, 
nearly  insoluble  in  alcohoL — The  acid  salt,  C*H*(NH*)0*,  is  predpitated  as  a  crystal- 
line powder,  on  neutralising  1  pt  of  racemic  acid  with  ammonia,  and  adding  an  equal 
quantity  of  the  acid.  It  dissolves  in  100  pts.  water  at  20°,  and  in  a  much  smidler 
quantity  of  boiling  water.  It  reddens  litmus,  and  is  insoluble  in  alcohoL  From  an 
aqueous  solution  slowly  cooled,  it  crystallises  in  monodinic  prisms,  often  assuming  the 
tabular  form  from  preaominance  of  oP.  The  decomposition  of  the  racemates  of  ammo- 
nium by  fermentation  has  been  already  described. 

Racemate  of  Antimo ny. — White  granular  predpitate,  obtained  by  adding  alcohol 
to  a  solution  of  antimonious  oxide  in  aqueous  racemic  acid.    (Berzelius.) 

Potassio-antimonious  Racemate,  2C^H\Sb0)K0'.H*0,  is  obtained  by  aatarating  a 
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crystals  are  deposited  on  the  sides  of  the  vessel,  and  light-blue  tables  at  the  bottom ; 
both  consisting  of  the  salt,  C*H^Na*O.Cu''0.4H*0,  sparingly  soluble  in  cold,  more 
soluble  in  boiUng  water,  and  depositing  cuprous  oxide  when  boiled  wiUi  ezceM  of 
alkaU. 

Racematea  of  Iron. — Ferric  hydrate  dissolves  in  racemic  acid,  an  insoluble  basie 
salt  being  formed  at  the  same  time.  The  solution  when  evaporated  leaves  a  brown 
amorphous  mass,  easily  pulverised,  very  soluble  in  water,  not  precipitable  by  alkalis.—* 
With  potash,  ferric  raocmate  forms  a  dark-brown,  granular,  deliquescent  double  salt^ 
soluble  in  racemic  add. 

Racemate  of  Lead,  C*H*Pb''0*  (at  100®). — On  adding  racemic  acid  drop  by  drop 
to  a  hot  solution  of  lead-acetate  as  long  as  the  precipitate  redissolves,  and  cooling  the 
filtrate,  racemate  of  lead  is  deposited  in  shining  grams  or  delicate  needles,  soluble  in 
hot  aqueous  racemic  acid. 

Racemate  of  Magneaiumy  C*H*M^'0*.5H^0. — A  solution  of  magnesium-carbo- 
nate in  the  boiling  aqueous  acid  deposits  this  salt  on  slow  cooling  in  small  right 
rhomboidal  prisms  ;  by  quick  cooling  or  prolonged  evaporation  as  a  white  powder.  It 
effloresces  in  dry  air,  gives  off  4  at  ^27'24  per  cent.)  water  at  100°,  the  rest  without 
decomposition  at  200^.  It  dissolves  in  120  pts.  water  at  19^,  in  a  small  quantity  of 
boiling  water,  is  insoluble  in  alcohol,  dissolves  in  racemic  acid,  but  the  solution 
deposits  nothing  but  the  neutral  wilt  and  the  free  acid. 

A  saturated  solution  of  magnesium-carbonate  in  an  acid  racemate  of  alkali-metal 
yields  by  slow  evaporation,  a  syrupy  mass,  which  gradually  changes  on  cooling  to  an 
amorphous  double  salt,  from  which  water  extracts  but  a  small  quantity  of  *llr»^litt* 
racemate,  even  at  the  boiling  heat. 

Racemate  of  Manganese,  C*H*Mn''0*.H*0. — Obtained  b^  evaporating  a  solution 
of  manganous  acetate  mixed  with  racemic  acid,  in  yellowish-white  crystals,  per- 
manent in  the  air  even  at  100"^,  slightly  soluble  in  water,  easily  soluble  in  acida  and 
alkalis. 

Racemate  of  Mercury. — Haoemic  acid  forms  with  mercurous  nitrate,  a  white 
heavy  precipitate,  which  becomes  coloured  on  exposure  to  light,  is  insoluble  in  water 
and  in  racemic  acid,  but  soluble  in  nitric  acid. 

Racemate  of  Nickel,  C*H*Ni"0*.6H*0,  is  obtained,  like  the  manganous  salt,  in 
ereen  needles,  which  effloresce  slowly  at  ordinary  temperatures,  rapidly  at  100°.  It  \m 
but  sliehtly  soluble  in  pure  water,  more  soluble  in  water  containing  racemic  add. 
It  dissmves  with  green  colour  in  potash,  also  in  hot  aqueous  carbonate  of  sodium, 
the  liquid  solidifying  to  a  gelatinous  mass  on  cooling. 

Racemates  of  Potassium. — The  neutral  salt,  C*H*K*0*.2H*0,  crystallises  by 
slow  evaporation,  according  to  Pasteur,  in  six-Bid«-d  tablcH  belonging  to  the  trimetrio 
system,  and  exhibiting  the  combination  oP  .  oeI»  oo  .  ooP.  Angle  oof  oo  :  ooP  w 
128°  20'.  According  to  v.  Lang,  on  the  other  hand  (Wien.  Akad.  Ber.  xlvi.  [2]  31 ; 
Jahresb.  1862,  p.  305),  the  crystals  (with  the  same  amount  of  water)  are  monoclinic, 
exhibiting  the  combination  ooPoo  .  [  ooPoo  ]  .  oP  .  [Poo  ]  .  [2Pqo  ]  .  ooP  .  ooPJ  .  — P . 
+  P  .  +P2.  Axes  a:b:c  =  I:  0*9134  :  07686.  Angle  of  inclined  axes  »  92°  So* . 
[Poo  ]  :  [  ooPao  ]  -  97°  9' ;  [2Poo  ]  .  [  ooPoo  ]  -  146°  36' ;  [2Poo  ]  :  oP  =  122°  66', 
ooP  :  ooPoo  »  137*' 67';  ocP  :  oP  =  88"^  6';  oePJ  :  oP  =.  87^  43' ;  -P:oP  - 
132°  43*.  The  crystals  dissolve  in  097  pt.  water  at  25°,  are  nearly  insoluble  in  alcohol, 
and  give  off  all  their  water  at  100°.  Mineral  acids  or  racemic  acid  added  to  the  solu- 
tion throw  down  the  acid  racemate. — The  acid  salt,  obtained  like  the  corresponding 
ammonium-salt,  forms  crystals  soluble  in  180  pts.  of  water  at  19°,  in  139  pts.  at  26°, 
and  in  14*3  pts.  of  boiling  water ;  it  is  insoluble  in  alcohol,  but  dissolves  easily  in 
mineral  acids. 

Racemate  of  potassium  and  ammonium,  C*H*K(NH*)0*,  is  obtained  by  slow  evapo- 
ration of  a  solution  of  the  acid  potassium-salt  saturated  with  ammonia,  in  acicular, 
longitudinally  striated,  rhombic  prisms,  having  the  angle  odI^oo  :  ooP  s  130°  46',  and 
not  modified  at  the  ends.     (Pasteur.) 

A  racemoborate  of  potassium  is  obtained,  according  to  Fresenius,  by  evaporating  a 
solution  of  1  at.  boric  acid  and  2  at.  acid  potassic  racemate,  at  100°,  as  a  white,  add, 
almost  cryst^illine,  friable  mass,  very  soluble  but  not  deliquescent.  Similar  products 
arc  obtained  by  evaporating  a  solution  of  borax  and  acid  racemate  of  potaseiam  or 
sodium.     (Fresenius.) 

Racemate  of  Silver,  C*H*Ag'0*. — "When  a  warm  moderat<^ly  strong  solution  of 
the  add  potassium-salt  is  added  to  a  solution  of  silver-nitrate  heated  to  80°  or  85°,  till 
the  precipitate  begins  to  be  permanent,  the  liquid  on  cooling  deposits  racemate  of 
silver  in  fine  shining  scales,  less  soluble  in  water  than  the  tartrate,  soluble  in 
ammonia. 
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apparently  monoclinic,  gives  off  7*66  p«r  cent,  water  in  Tacno.— The  sUv^f^MoH^ 
O'H^AgO*,  crystallises  in  prisms  slightly  soluble  in  cold  water,  decomposing  at  100^. 

Methyl-racemic  acid,  C*H"0«  «  C«H\CII»)0«  (Ou^rin-Varry,  loc.  cit)-- 
Prepared  by  dissolving  1  pt.  of  raceraic  acid  in  1  pt.  of  methylic  alcohol,  at  the 
boiling  heat,  evaporating  to  a  sjTup  at  a  temperature  below  100°,  leaving  the 
Syrup  to  evaporate  freely,  and  drying  the  resulting  crystals  in  a  vacuum.  It  forms 
colourless  rectangular  prisms  truncated  on  the  longitudinal  edges,  and  passing 
into  rhomboi'dal  prisms.  It  dissolves  easily  in  wahr,  alcohol,  and  woodspiritt 
slightly  in  ether.  By  boiling  with  water,  it  is  resolved  into  methylic  alcohol  and  raee- 
mic  acid.  Its  aqueous  solution  decomposes  sine  and  trow, with  evolution  of  hydrogen. 
"With  haryta-water,  it  forms  a  precipitate  soluble  in  excess  of  the  acid,  and  in  water; 
ynihlime-water,  it  forms  a  precipitate  composed  of  radiate  groups  of  acicular  prisms, 
insoluble  in  excess  of  the  acid.  Methyl-raoemic  acid  does  nut  precipitate  canstie 
soda  or  carbonate  of  sodium. 

Methyl-racemate  of  Barium,  C'«H'*Ba"0".4H'0,  crystallises  in  monoclinic  prismn, 
which  give  off  part  of  their  crystallisation- water  on  exposure  to  the  air.  When  nut 
effloresced,  it  softens  at  609,  and  at  100^  gives  off  vapours,  whicii  condense  in  beautiful 
crystalline  laminse.  It  is  more  soluble  in  hot  than  in  cold  wat«r,  insoluble  in  alcohol 
and  ether. — The  Uad-salt  is  precipitated  on  pouring  methyl-racemic  acid  into  a  solu- 
tion of  lead-acetate  ;  the  precipitate  redissolves  in  excess  of  acid. — The  poiasHum-MJt, 
2C*H'K0*.H*0,  forms  recUngular  prisms,  which  are  decomposed,  by  prolonged  ebnlli- 
tion  with  wat^r,  into  methylic  alcohol  and  acid  racemat«  of  potassium.  Methyl-racemic 
acid  added  to  aqueous  potash  forms  a  pulverulent  precipitate  soluble  in  a  large  quan- 
tity of  water. — The  silver-mlt,  C*lI^AgO*,  is  precipitated  on  adding  methyl-racemic 
acid  to  a  moderately  concentrated  solution  of  silver-nitrate  ;  it  is  soluble  in  excess  of 
methyl-racemic  acid. 

SACBMOCABSOWZC  ACZB.     Dtsoxalic  add,  C*H*0»   «      ^^S^P*^**  1 0». 

(Lowig,  J.  pr.  Chem.  Ixxix.  45«5 ;  Ixxxiii.  129;  Ixxxiv.  1;  Jahresb.  1860,  p.  404; 
1861,  p.  601.) — This  acid,  which  contains  the  elements  of  raceraic  acid  and  carbonic 
anhydride  (C*HK)»  -=  C'H»0«  +  C0»),  is  produced  in  the  form  of  an  ethylic  ether, 
by  the  action  of  sodium-amalgam  on  ethylic  oxalate.  It  is  probably  formed  by  the 
deoxidation  of  oxalic  acid,  thus : 

6C^H='0*   +  n»0  -  0»     -     2C»H«0«; 

whence  the  name  desoxalic  acid;  but  the  reaction  is  complicated,  yielding  a  number  of 
products  which  have  not  been  thoroughly  investigated. 

Preparatuyn. — An  amalgam  of  30  grms.  sodium  and  800  to  2,000  grms.  menruiy  is 
agitated  in  a  glass  cylinder  with  ab<jut  an  equal  part  of  ethylic  oxalate,  the  noass  being 
kept  cool  by  occasionally  plunging  the  vessel  into  cold  water;  the  resulting  unctuous 
mass  is  stirred  up  with  ether,  the  liquid  is  decanted  from  the  mercury ;  tlie  residue  is 
treated  several  times  more  with  ether ;  the  united  ethereal  liquids  are  left  at  rest  for 
a  while ;  and  the  clarified  solution,  decanted  from  the  sediment,  is  repeatedly  and  vio- 
lently agitated  with  small  quantities  of  water,  till  a  pasty  mass  no  longer  separates 
from  it,  and  the  ethereal  solution  rises  to  the  surface  free  from  colour.  This  ethereal 
solution,  when  fireed  from  the  greater  part  of  the  ether  by  distillation,  and  left  to  eva- 
porate in  a  warm  place,  de{)Osits,  after  a  while,  laige  transparent  shining  crystals  of 
ethylic  racemocarbonate,  which  increase  in  quantity  on  further  evaporation,  while 
the  uncrystallisable  portion  thickens  to  a  yellow  syrup. 

The  ethylic  racemocarbonate  may  bo  converted  by  heating  with  carbonate  of  pofaa- 
'Btum,  or  by  treatment  with  caustic  potash,  into  alcohol  and  racemocarbonate  of  potas- 
sium ;  the  solution  of  this  salt,  precipitated  by  nitr<ite  of  lead,  yields  the  corresponding 
lead-salt;  and  this,  when  decomposed  by  sulphuretted  hydrogen,  yields  racemocar- 
bonic  acid,  the  filtered  solution  of  which  may  be  made  to  crystallise,  by  first  evapo- 
lating  it  at  a  gentle  heat  over  the  water-bath,  and  then  leaving  it  under  a  bell-jar  over 
•oil  of  vitriol. 

Properties  and  Reactions. — Racemocarbonic  add  thus  obtained  is  a  dry  crystalline 
mass,  yielding  a  dazzling  white  powder.  It  is  very  soluble  in  water  and  in  alcohol, 
and  deliquesces  in  the  air.  It  softens  at  the  heat  of  the  water-bath,  and  at  a  somewhat 
high  temperature  becomes  dark-coloured ;  swells  up,  giving  off  an  odour  like  that  of 
burnt  tartaric  acid ;  then  carbonises,  and  bums  with  a  faintly  luminous  flame,  leaving 
no  residue.  When  its  dilute  aqueous  solution  is  heated  for  some  time  to  100°  in  s 
sealed  tube,  it  splits  up  into  racemic  acid  and  carbonic  anhydride. 

Kacemocarbonates. — Racemocarbonic  acid  is  tribasic,  the  formula  of  its  neutral 
salts  being  C*H'M'0*.  It  likewise  forms  acid  and  basic  salia.— The  neutral  potassium' 
salt,  C*H'K'0*,  formed  by  direct  neutralisation,  or  by  decomposing  the  ethylic  ether 
with  caustic  potash,  or  boiling  it  with  potassic  carbonate,  remains,  on  leaving  its 
aqneouB  solution  to  evaporate,  as  a  gummy  mass,  which  becomes  crystalline  after  stand- 
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sereral  parts  of  the  process — consists  in  the  bodilj  movement  of  heated  matter.  A 
Tery  important  case  of  the  transference  of  heat  in  this  manner  is  presented  by  the  so- 
called  phenomena  of  convection,  upon  which  the  distribution  of  heat  in  liquid  and 
aeriform  bodies  almost  entirely  depends.  Another  way  in  which  the  motion  of  material 
bodies  may  intervene,  as  the  medium  of  the  transference  of  heat,  is  exhibited  in  many 
cases  of  tho  evolution  of  heat  by  mechanical  means.  For  instance,  if  a  steam-engino 
is  employed  to  overcome  friction,  or  to  do  other  work  in  opposition  to  molecular  forces, 
and  so  to  develop  heat,  the  process  may  be  correctly  described,  so  &r  as  the  general 
result  is  concerned,  as  consisting  in  the  transfer  of  part  of  the  heat  of  combustion  of 
the  coals,  from  the  furnace  to  the  place  where  the  heat-producing  work  is  performed. 
In  other  cases,  again,  electricity  is  the  medium  of  the  transference  of  heat  from  one 

Elace  to  another.  But,  in  addition  to  all  these  various  wavs  in  which  the  motion  of 
eat  may  be  brought  about  by  the  action  of  other  forms  of  energy,  there  are  two  dis- 
tinct ways  in  which  it  can  occur  without  the  intervention  of  energy  in  any  other  form. 
These  are  Radiatiox,  or  tho  spontaneous  outflow  of  heat  in  all  directions  which  is 
constantly  taking  place  at  the  free  surface  of  material  bodies ;  and  Cokduction,  or  the 
propagation  of  heat  by  communication  through  the  substance  of  material  bodies, 
whereby  the  temperature  of  every  mass  of  matter  tends  constantly  to  become  uniform 
throughout.  We  shall  attempt  in  this  article  to  state  the  most  important  laws  and 
conditions  by  which  the  transference  of  heat  in  these  two  ways  has  been  found  to  be 
determined. 

Radiation. 

The  radiation  of  heat  is  a  phenomenon  completely  analogous  to  the  radiation  of 
light ;  in  fact,  all  the  known  properties  of  radiant  heat  and  of  light  point  to  the  con- 
clusion, that  there  is  no  difference  of  a  fundamental  kind  between  them.  And  if^  as 
seems  inevitable,  we  adopt  the  hypothesis  that  temperature  in  material  bodies  consists 
in  a  vibratory  or  other  movement  of  their  particles  (Heat,  iii.  131),  we  must  regard 
radiation,  whether  of  heat  or  light,  as  due  to  vibrations  of  the  luminiferous  ether 
(Light,  iii.  689),  excited  by  the  heat-vibrations  of  the  particles  of  ordinary  matter,  and 
propagated  by  the  ether  in  all  directions  from  their  source.  According  to  this  view,  a 
radiating  body  may  be  compared  with  a  vibrating  tuning-fork,  or  other  source  of 
sound  ;  and  the  rays  of  heat  or  light  which  it  emits,  with  the  progressive  undulations, 
constituting  waves  of  sound,  which  the  vibrations  of  the  sounding  body  excite  in  the 
air.  The  cooling  of  a  heated  body  bv  radiation  would  thus  answer  to  the  gradual  dying* 
out  of  the  vibrations  of  the  tuning-fork,  as  it  eives  up  its  motion  to  the  air :  any  cir- 
cumstance whioh  increases  the  rate  of  radiation,  that  is  to  say,  the  quantity  of  heat 
given  out  in  a  given  time,  hastening  the  fall  of  temperature  of  the  heated  body ;  just  as 
whatever  increases  the  amount  of  motion  imparted  to  the  air  in  a  given  time  by  a 
vibrating  fork,  and  so  augments  the  loudness  of  the  resulting  sound,  causes  the  fork 
to  come  to  rest  more  quickly.  On  the  same  view,  a  rise  of  temperature  in  a  material 
body,  caused  by  ra^s  of  heat  absorbed  by  it.,  would  correspond  with  the  production  of 
sympathetic  vibrations  in  solid  bodies  under  the  influence  of  sound-waves  transmitted 
to  them  through  the  air ;  and  just  as  those  conditions,  which  facilitate  most  the  com- 
munication of  motion  by  a  vibrating  body  to  the  air,  are  also  the  conditions  most 
favourable  to  its  being  ^rown  into  vibration  by  undulations  of  the  air,  so,  as  we  shall 
see,  the  conditions  which  most  promote  the  loss  of  heat  by  radiation  are  also  those 
which  are  most  favourable  to  the  absorption  or  gain  of  heat  in  the  same  way.  Again, 
the  different  refrangibility  which  characterises  rays  of  light  of  various  colours,  as  well 
as  rays  of  heat  from  various  sources,  being  caused  by  different  rates  of  vibration,  cor^ 
responds  to  the  different  pitch  of  various  sounds.  (On  the  analogies  of  heat  and 
sound,  comp.  Thomas  Young,  Lectures  on  Nature^  Philosophy,  2  vols.  4to.  Lond. 
1807,  vol.  i.  p.  656.) 

Radiation,  considered  as  a  mode  of  transference  of  heat,  is  obviously  a  process  which 
can  only  go  on  between  at  least  two  material  bodies,  of  which  one  gives  out,  and  thfi 
other  receives,  heat.  And,  except  in  the  case  of  radiation  through  a  vacuum,  a  third 
body  also  intervenes  in  the  phenomenon — namelv,  that  through  which  the  radiation 
takes  place.  Hence  the  entire  process  consists  of  three  distinct  parts — ^Emission,  Ab- 
sorption, Transmissio  n — the  course  of  each  of  which  is  dependent  on  the  physical 
properties  of  the  particular  material  substances  concerned.  But,  before  considering 
radiant  heat  in  relation  to  the  properties  of  individual  substances,  we  will  briefly  de- 
scribe its  general  properties,  and  enumerate  tho  most  important  and  decisive  of  the 
experiments  by  which  the  essential  identity  of  radiant  heat  and  light  has  been  proved, 
and  which  therefore  justify  the  conclusion  that  radiant  heat,  like  light,  consists  in  un- 
dulations propagated  by  the  luminiferous  ether,  in  the  same  way  as  waves  of  sound  are 
propagated  by  the  air. 

1.  Radiant  heat  traverses  a  vacuum,  or  any  homogeneotts  niddiuni,  in  straight  Unes, 
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Antl«  of  Incidence  Deflection  of  the  OAlTenometer-needle  prodoeed 

■seMttred  from  the  Mirror.  bj  the  Rart  regularlr  reflected. 

From  the  BUckened  Mirror.   From  the  Metallic  Mirror. 

60<>  100**  660** 

60  100  660 

40  110  64-6 

80  161  680 

20  281  480 

10  430  43-0 

The  nnmben  in  the  last  column  show  that  the  quantity  of  heat  reflected 
refipilarly  by  the  metallic  mirror  diminished,  and  consequently  the  quantity 
reflected  irregularly  increased,  as  the  incident  rays  made  a  smaller  angle  with  the 
surface  of  the  mirror.  The  increased  reflection  from  the  glass  mirror  at  low  angles  of 
incidence  is  to  be  attributed,  not  to  diminished  diffujdon,  but  to  diminished  absolu- 
tion. 

4.  In  addition  to  the  portion  which  is  reflected,  regularly  or  irregularly,  when 
radiant  heat  arrives  at  the  surfiice  of  separation  of  two  media,  a  certain  quantity 
usually — perhaps  always — penetrates  the  second  medium.  Of  tlie  heat  which  thus 
piisses  onwards  into  the  second  medium,  a  greater  or  less  proportion  is  always  absorbed ; 
or,  in  the  language  of  the  view  we  have  adopted  respecting  the  nature  of  radiant  heat^ 
the  vibratory  motion  of  the  particles  of  the  ether  is  given  up  to  the  material  particles 
of  the  medium.  The  proportion  of  heat  so  absorbed  varies,  from  a  barely  perceptible 
amount,  even  when  a  considerable  thickness  of  the  second  medium  is  traversed,  as  in 
the  case  of  rock-salt,  to  the  total  quantity  which  enters  the  medium,  as  in  the  case  of 
the  metals,  in  which  the  absorption  of  heat  is  so  complete,  witliin  a  very  short  distance 
from  the  surfeu^e,  that  it  was  only  by  employing  exceedingly  thin  films  of  metal, 
deposited  on  glass  by  chemical  means,  that  Knoblauch  succeeded  in  proving  that  the 
metals  are  not  absolutely  impenetrable  by  radiant  heat.  The  proportion  of  radiant  heat 
absorbed  in  its  passage  through  a  given  thickness  of  a  given  medium  is  not,  however, 
a  constant  quantity;  it  varies  to  a  great  extent,  as  we  shall  presently  see,  witli  the  tem- 
perature of  the  source  from  which  the  heat  comes,  just  as  the  absorption  of  light  by 
various  media  depends  on  the  colour  of  the  light. 

6.  Another  consequence  of  the  ^neral  principles  of  wave-motion,  is  that,  upon  the 
theory  we  have  adopted,  when  radiant  heat  passes  from  one  medium  into  another,  in 
which  the  elasticity  and  density  of  the  luminiferous  ether  are  to  each  other  in  a  diffe- 
rent ratio  from  what  they  were  in  the  first  medium,  its  velocity  of  propagation  must 
be  different  in  the  two  media.  Consequently,  if  the  rays  of  heat  are  incident  upon  the 
separating  surface  of  the  media  in  any  other  direction  than  that  of  the  normal  to  the 
surface  at  the  point  of  incidence,  their  direction  will  be  altered  on  passing  from  the 
first  medium  into  the  second,  or  they  will  tmdergo  refraction  ;  and  this  refiniction  will 
take  place  according  to  the  same  laws  as  the  refraction  of  light — that  is,  the  refracted 
ray  will  be  in  the  same  plane  with  the  incident  ray  and  the  normal  to  the  surface^ 
and  the  sine  of  the  angle  which  the  incident  ray  makes  with  the  normal  will  be  to 
the  sine  of  the  angle  which  the  refracted  ray  makes  with  the  normal,  as  the  velocity  of 
the  ray  in  the  first  medium  is  to  its  velocity  of  propagation  in  the  second  medium  (see 
Light,  iii.  608,  609).  A  familiar  example  of  the  refniction  of  heat  is  afforded  by  the 
effects  of  burning-glasses. 

The  second  part  of  the  law  of  refraction  of  heat,  as  above  stated,  has  not  hitherto 
received  direct  experimental  confirmation,  for,  as  has  been  already  said  (p.  43),  the 
velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured.  It  is,  however, 
abundantly  proved  that  the  index  of  refraction  (Light,  loe.  cit.\  corresponding  to  the 
passage  of  radiant  heat  from  a  given  medium  into  a  g^ven  second  medium,  has  a  con- 
stant value.  But,  just  as  there  are  various  kinds  of  light,  differing  from  each  other 
in  refrangibility  (Light,  iii.  618),  so  there  are  various  kinds  of  radiant  heat  which 
differ  from  each  other  in  the  same  way.  The  indices  of  refraction  of  heat  of  several 
kinds,  corresponding  to  its  passage  from  air  into  rock-salt,  have  been  measured  by 
Forbes,  by  Wollaston's  method  (iii.  614),  depending  on  the  total  refiection  which 
takes  place  when  rays  traversing  one  medium  are  incident  very  obliquely  on  the  surface 
of  another  medium  of  less  refractive  power.  In  the  following  table  (taken  from 
Wiillner's  Lehrbuch  dtr  Experimental-pht/siJk,  2  vols.  Leipzig,  1863-66,  vol.  ii.  p.  327) 
the  numbers  in  the  last  column  represent  the  indices  of  refraction  of  the  rays  present 
in  greatest  abundance  in  the  heat  of  the  various  kinds  specified ;  but  it  is  to  be  under- 
stood that  each  kind  of  h^^t  examined  contained,  in  a  smaller  proportion,  rays  of  both 
greater  and  less  refrangibility  than  those  which  formed  the  largest  part. 
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thufl  proving  that  tho  Telocity  of  propagation  of  radiant  heat  is  not  the  same  in  fjLum 
as  it  18  in  air.    (See  Liom,  lii.  601.) 

Knoblauch  has  likewise  demonstrated  the  interference  of  radiant  heat  under  the 
same  eircumstances  as  those  under  which  the  colours  of  thin  plates  (iii.  643)  are  pro-> 
duced  by  light. 

7.  Diffraction  (iii.  601 )  of  radiant  heat  occurs  when  rays  from  a  source  of  suffieientlj 
small  extent  pass  through  a  small  aperture,  or  by  the  edge  of  an  opaque  screen.  Knob- 
lauch ascertained  that  when  heat  from  a  h'near  source  passes  through  a  narrow  elit, 
the  thermal  effect  on  the  farther  side  of  the  slit  extends  to  points  which  the  rays  could 
not  reach  if  they  all  followed  straight  paths ;  and  he  found  that  the  lateral  extension 
of  the  heating  effect  increased  (1)  with  the  distance  from  the  slit  of  the  position  where 
the  effect  was  examined,  (2)  with  the  narrowness  of  the  slit^  and  (3)  with  the  distance 
of  the  slit  from  the  source  of  heat. 

The  diffiraction  of  radiant  heat  and  the  simultaneous  interference,  when  it  passes  the 
edge  of  a  simple  screen,  were  observed  by  Fiseau  and  Foueault ;  and  its  diffiraction 
by  "gratings  (iii.  6b5),  bySeebeck  in  1849  (Fogg.  Ann.  IxxviL  674),  and  subse- 
quently by  Knoblauch. 

8.  The  interference  and  diffraction  of  radiant  heat  prore  conclusively  that  it  consists 
in  undulations;  and  that  these  undulations,  like  those  of  light,  take  place  in  directions 
perpendicular  to  that  in  which  the  undulatory  movement  advances,  is  proved  by  the 
phenomena  of  the  polarisation  of  radiant  heat.  Like  light,  radiant  heat  may  be 
polarised,  by  reflection,  by  ordinary  refraction,  by  double  refraction,  and  by  absorption 
in  doubly-refracting  crystals. 

The  polarisation  of  heat  by  reflection  from  the  sur&ce  of  glass  was  distinctly 
proved  in  1812byB^rard,  who  showed  that  when  heat  was  reflected  successively  by 
two  glass  mirrors,  the  intensity  of  the  beam  reflected  from  the  second  mirror  was 
decidedly  greater  when  the  plane  of  reflection  of  the  two  mirrors  coincided,  than  when 
they  were  at  right  angles  to  each  other.  But  the  accurate  investigation  of  the  phe- 
nomena of  the  polarisation  of  heat  is  chiefly  due  to  K  noblauch  and  De  la  Provo- 
stayeandDesains(Ann.  Cb.  Phys.  [3]xxvil  109;  xxx.  159;  267;  276).  Knoblauch 
found  that,  as  in  the  case  of  light  so  in  that  of  radiant  heat,  the  polarisation  produced 
by  reflection  is  most  complete  when  the  rays  are  incident  at  some  particular  angle  de- 
pending on  the  nature  of  the  reflecting  substance.  Thus,  out  of  100  rays  reflected  from 
glass  at  various  angles  (measured  from  the  normal),  he  found  the  proportion  of  polarised 
rays  to  be  that  stated  below: — 


AnfteoriaeidcDet,     .... 

90O. 

«50. 
11*1 

50O. 

5*o. 

66"6 

69-9 

500. 
69-2 

560. 

74-1 

60O. 
44-4 

ao-s 

TOO. 

7»o. 

800. 

PercenUm  of  polarised  ) 
heat  in  the  whole 
quantity  reflected    j 

0-0 

40*6 

66-6 

S8-4 

950 

iS-t 

It  will  be  seen  that  the  maximum  of  polarisation  occurred  when  the  angle  of  in- 
cidence was  66^f  which  agrees  almost  exactly  with  the  angle  (64°  36')  at  which  the 
most  complete  polarisation  takes  place  in  the  case  of  luminous  rays  (iii.  663).  When 
a  steel  mirror  was  used  as  the  polarising  apparatus,  the  maximum  of  polarisation 
(34  per  cent,  of  the  total  heat  reflected)  occun^  with  an  angle  of  incidence  of  about 
76<». 

De  la  Provostaye  and  Desains  not  only  proved  that  the  polarisation  of  heat  takes 

place  under  the  same  conditions  as  the  polarisation  of  light,  but  showed  that  the 

properties  of  polarised  heat  agree  precisely  with  those  of  polarised  light.    Fresnel 

had  established  that,  when  polaris^  light  is  reflected  at  the  surface  of  a  transparent 

medium,  the    intensity  of  the    reflected  light  may  be  expressed  by   the  formula 

sin*  (i^r) 

I  g  ^. — ^  when  the  plane  of  polarisation  is  parallel  to  the  plane  of  reflecUon,  and  hj 
Bin    ( •  T » J 

tan*  (t  -  r) 
the  formula  - — |-p — ^  when  the  plane  of  polarisation  is  perpendicular  to  the  plane  of 

reflection,  t  and  r  denoting  the  angles  of  incidence  and  refraction  respectively.  Takinff 
the  index  of  refraction  of  glass  as  «*  1*62,  De  la  Provostaye  and  Desains  calculated 
the  intensity  of  the  reflected  beam  for  various  angles  of  incidence,  for  the  two  cases  to 
which  these  formulae  correspond,  and  found  the  results  to  agree  precisely  with  those 
fiimished  by  direct  experiments  with  polarised  heat,  as  shown  by  the  following  table :— 
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up  into  two  beamfl  whose  relative  intensities  foUow  the  same  law  as  the  istennties  of 
the  two  beams  of  light  produced  under  similar  cireumstances.  In  the  case  of  light,  if 
the  intensity  of  the  incident  beam  be  represented  by  I,  that  of  the  ordinazy  reftacted 
beam  by  0,  that  of  the  extraordinary  refracted  beam  by  £,  and  the  angle  which  the 
plane  of  polarisation  makes  with  the  principal  section  of  the  crystal  by  m,  Haluf 
•howed  that  these  quantities  are  relnted  to  eaich  other  as  follows : — 

0     B     I  .  cos*a;  £     »     I  .  ainVi. 

Puttinff  I  S3  1,  De  la  Provostaye  and  Desains  found  the  following  raluM  for  O  eor- 
responding  to  Tarious  values  of  a :  namely,  for — 

a     -.     30°,     -     36^     -     46°,  -     62* 
O     »    0-75,     -    0-67,     -    0-60,   -     0*3 

Zesnlts  which  agree  exactly  with  the  above  formula. 

When  a  doubly*refracting  crystal  absorbs  one  of  the  two  beams  produced  by  donbla 
refraction,  as  is  the  case  to  a  great  extent  with  tourmaline  cut  parallel  to  the  principal 
axis  (iii.  655),  the  beam  which  is  transmitted  is  necessarily  polarised,  either  in  the  ease 
of  light  or  heat.  The  polarisation  of  heat  by  tourmaline,  observed  by  Forbes,  was  the 
earliest  discovered  instance  of  the  polarisation  of  heat  by  double  refraction ;  and  it  waa 
supposed  by  him  for  a  time  to  reveal  an  essential  difference  between  radiant  heat  and 
lignt,  since  he  found  the  polarisation  of  heat  from  some  sources  apparenily  much  lees 
complete  than  that  of  light.  The  cause  of  this  apparent  anomsiy  was  afterwards 
ascertained  by  Melloni  to  be  that,  although  tourmaline  is  opaque  for  Inminons  rays 
whose  vibrations  take  place  perpendicularly  to  its  principal  axis,  and  therefore  completely 
absorbs  one  of  the  two  luminous  beams,  it  is  not  equally  opaque  for  rays  whose  'nbra* 
tions  are  perpendicular  to  the  axis  but  are  as  slow  as  those  of  the  invisible 
heat-rays. 

Having  thus  briefly  stated  the  most  important  of  the  general  properties  of  radiant 
heat,  we  have  still  to  consider  it  in  its  relation  to  material  bodies,  under  the  three  heada 
of  Emission,  Absorption,  and  Transmission. 


Emission  of  Radiant  Heat. 

It  is  a  matter  of  universal  experience,  that,  under  otherwise  similar  cireumstaiicef» 
a  given  body  gives  out  more  heat  in  s  given  time,  the  hotter  it  is.  Temperature,  there* 
fore,  is  one  condition  which  determines  the  emissive  power  of  bodies  for  heat ;  bat 
further  examination  shows  that  it  is  not  the  only  condition  upon  which  this  phenomenon 
depends.  It  was  observed  as  eiirly  as  1S04,  by  Leslie,  that  different  subetances  have 
very  different  powers  of  omitting  heat,  even  when  their  temperatures  are  exactly  the 
same.  He  placed  in  front  of  a  concave  metallic  mirror  a  cubical  metal  vessel  filled 
with  boiling  water,  and  put  one  bulb  of  a  differential  thermometer  in  the  focus  of  the 
mirror,  the  other  bulb  being  protected  from  the  radiation.  By  coating  the  different 
sides  of  the  cube  with  the  various  substances  to  be  examined,  and  turning  them  soo- 
cessively  towards  the  mirror,  he  was  able  to  compare,  by  the  effect  on  the  thermometer, 
the  relative  emissive  powers  of  the  several  substances,  independently  of  any  difference 
of  temperature.  Mell  oni  subsequently  mode  similar  comparative  experiments,  nsin^ 
his  thermo-multiplier  instead  of  Lesli^^'s  differential  thermometer.  Among  all  the  sub- 
stances examined,  both  Li'slie  and  Melloni  found  that  lampblack  had  the  grenteet 
emissive  power,  or  at  least  that  the  emissive  power  of  no  other  substance  exceeded  it^ 
and  they  accordingly  adopted  it  as  a  standara  of  comparison  for  all  the  rest.  The  nu- 
merical results  given  in  the  following  table  are,  therefore,  to  be  understood  as  giving 
the  intensity  of  the  radiation  at  100°  C.  from  a  superficial  unit  of  each  of  the  substancea 
named,  the  radiation  from  a  unit  of  surface  covered  with  lampblack  beins  fa^?r*»p  at 
100  :— 

Emissive  Pottfersfor  Radiant  Heat  at  100®  C. 


Leslie. 


Lampblack 
Paper 
Resin 

Sealing-wax 
Crown-^lass 
Indian  mk 
Ice  . 
Bed  lead. 


100 
98 
96 
95 
90 
88 
85 
80 


Mica 

Ghraphite    . 
Tarnished  Lead 
Mercury     . 
Polished  Lead 
Polished  Iron 
Tinplate     . 
Gold,  Silver,  Copper, 


N 

80 


1 


Mdlooi. 


Lampblack  • 
75  I  liVhite  lead    • 
Isinglass 
Indian  ink    . 
Gum -lac 
Polished  Metals 


45 
20 
19 
15 
12 
12 


100 

100 

91 

86 

72 
12 
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The  exact  namben  in  this  table  cannot,  however,  lay  claim  to  any  rery  great  degree 
of  accuracy.  For  it  was  foond  both  by  Lfeulie  and  Melloni,  that  the  radiating  power 
of  the  same  substance  varied  considerably  according  to  the  condition  of  its  surface,  and 
the  same  fact  has  been  repeatedly  observed  by  later  investigators.  The  metals,  for 
instance,  when  polished,  radiate  much  less  than  they  do  when  tarnished  or  roughened. 
That  a  tarnished  metallic  surface  should  have  a  different  emissive  power  from  a  bright 
metal  is  not  surprising  :  for  the  tarnish  consists  in  the  formation  of  a  thin  film  of 
oxide  or  sulphide,  and  it  is  this  film,  and  not  the  metal  itself,  which  forms  the  true  sur- 
face from  which  a  great  part  of  the  radiation  proceeds.  But  even  when  the  chemical 
nature  of  the  suifftoe  undergoes  no  change,  the  emissive  power  is  often  affected  to  a 
considerable  extent  by  the  pnysical  state  of  the  surface.  This  is  very  distinctly  shown 
in  the  following  experiment  of  Melloni*s  {Th^rmochrosff  p.  87,  note):  he  prepared 
four  plates  of  pure  silver,  two  of  which  were  strongly  hammered,  and  the  other  two 
simply  cast  and  not  hammered  ;  all  four  plates  were  then  polished  with  pumice-stone 
and  charcoal,  but  without  the  use  of  a  hammer  or  burnisher ;  and  lastly,  one  plata 
of  each  pair  was  scratched  by  rubbing  it  in  one  direction  with  coarse  sandpaper. 
The  four  plates  so  prepared  were  used  to  form  the  vertical  sides  of  a  cube  which  was 
filled  with  boiling  water,  and  the  radiating  power  of  the  four  sides  was  determined. 
The  deflections  of  the  galvanometer-needle  which  they  severally  produced  were — 


Polished. 

Scratched* 

Hammered  plate    . 

.      10<> 

180 

Unhammered  plate 

.   137 

11-3 

The  following  numbers,  obtained  by  De  la  Frovostaye  and  Desains  (Ann.  Ch. 
Phys.  [3]  xxii.  372)  for  the  relative  radiating  powers  at  120®  C,  of  several  metals  in 
different  conditions,  compared  with  the  radiaiting  power  of  lampblack  at  the  same 
temperature  taken  as  100,  show  similar  differences,  although  the  absolute  values  of  the 
numbers  are  considerably  below  those  found  by  Melloni  and  Leslie.  The  comparisons 
with  lampblack  were  made  in  two  ways :  the  first  method  depended  on  determining-the 
size  of  the  surface  of  the  substance  under  examination  which  caused  as  great  a  defiection 
of  the  galvanometer  as  a  given  surface  of  lumpblaek  at  the  same  temperature ;  in  the 
second  method  the  radiating  surfaces  were  equal,  and  their  respective  radiating  powers 
were  calculated  from  the  excess  of  temperature  of  the  metals  over  the  lampblack  at 
which  they  emitted  equal  quantities  of  heat. 

Emissive  powers  of  Metals  at  120^  C. 


Pore  silver,  rolled, 

„        „      polished 

„        f,         „        after  long  heating 
Silver  diemieidly  deposited  on  silver 
Silver  chemically  deposited  and  burnished 
Silver  chemically  deposited  on  copper,  dull 

Platinum,  rolled 

Platinum,  polished 

Gold-leaf 

Copper-foil 


EmiuiTe  power. 


By  fir»t 
method. 


80 
2-6 
2-76 


2-25 
64 
10-8 
9-6 
4-3 
4-9 


BjMCond 
method. 


2-9 
2-2 
30 
206 
2-2 
6-3 
10-4 
90 
4-3 


The  general  rule  which  may  be  deduced  from  these  and  numerous  allied  observations, 
is  that  the  denser  and  more  compact  the  surface  of  a  body  is,  the  smaller  is  its  emissive 

S>wer,  while  any  treatment  which  diminishes  the  density  of  the  surface  increases 
e  emissive  power.  The  mere  feet  of  the  surface  being  polished  or  not  polished,  if 
these  differences  do  not  involve  differences  of  density,  does  not  affect  the  emissive 
power  of  a  substance :  thus  marble,  ivory,  agate,  quartz,  selenite,  and  other  similar 
substances  which  are  capable  of  receiving  a  polish,  but  in  which  the  polishing  process 
does  not  alter  the  density  of  the  superficial  stratum,  have  the  same  emissive  powers 
whether  polished  or  unpolished.  (Melloni,  Za  TherttuKhrdse,  p.  83,  note.^-Compare 
also  Enoblaach,  Pogg.  Ann.  Izx.  343.) 
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The  following  table  gires  the  relatire  emissiye  power,  at  100^  C,  of  serenl  unhttaneeB 
in  a  state  of  fine  powder,  according  toTyndall's  experiments : — 

Emissive  powers  of  Powders  at  100°  C. 


Rock-suit 

Mtircuric  iodide     . 

Sulphur 

Chloride  of  lead     . 

Carbonate  of  calcium 

Bed  lead 

Oxide  of  cobalt 


35-3 

39-7 
40-6 
55-4 


Sulphate  of  calcium 
Ferric  oxide  • 
Zinc  hydrate 
Ferroso-ferric  oxide 


.  77-7 

.  78-4 

.  80-4 

.  81-3 

.  81-7 

Lampblack 84*0 


70-2  j  Ferrous  bulphide 
74-2     "  ■ 

76  7 


Previous  experimenters,  in  particular  Mas  son  and  Court^pie  (Compt  rend. 
936),  had  concluded  that  the  emissive  ix>wor8  of  all  substances,  in  a  sufficientlj  fine 
state  of  division,  wore  equal ;  but,  according  to  Ty  n  d  a  1 1,  this  apparent  result  was  due 
to  the  powders  exainine<l  having  boen  mixed  with  gum  in  order  to  attach  them  to  a 
metallic  surface,  whereby  radiation  from  the  ^m  took  the  place,  to  a  great  extent,  of 
radiation  from  the  particles  of  powdiT  envelr)ped  by  it. 

Another  circumstance  which  exerts  an  influence  on  the  quantity  of  heat  emitted  by 
a  given  substance  at  a  given  tempeniture,  is  the  thickness  of  the  radiating  stratum. 
The  effect  of  variations  of  this  condition  is  not  however  sensible,  except  in  the  case  of 
substances  which  are  perceptibly  transpanuit  for  radiant  heat,  and  therefore  allow  the 
particles  which  lie  below  the  actual  surface  to  take  part  in  the  radiation,  such  as  glass 
and  varnishes  of  various  kinds  ;  with  metals,  on  the  other  hand,  which  are  completely 
opaque  for  ra<liant  heat  as  well  as  for  light  in  any  thickness  in  which  they  can  be 
used,  the  effect  of  variations  of  thickness  is  imperceptible.  Thus  Helloni  found,  on 
applying  successive  coats  of  varnish  to  the  metal  face  of  a  radiating  cube,  that  the 
radiating  power  was  increased  by  each  coat  of  varnish  up  to  the  sixteenth ;  but  on 
coating  one  of  the  faces  of  the  cube  with  gold-le^if  of  various  thicknesses,  the  radiating 
power  was  diminished  to  the  same  extent  in  each  case 

The  intensity  of  the  radiation  from  a  plane  surface  is  not  the  same  in  all  directions, 
but  isgreati'St  in  the  direction  of  the  normal  to  the  suiface.  Leslie,  who  inresti^ted 
this  point  experimentally,  believed  that  the  radiation  in  any  direction  was  proportional 
to  the  cosine  of  the  angle  which  that  direction  made  with  the  normal ;  that  is  to  say, 
if  R  represents  the  quantity  of  heat  radiated  by  a  unit  of  surface  in  the  direction  of 
the  normal  to  the  surface,  and  R'  the  quantity  of  heat  radiated  by  a  unit  of  surfiice  iu 
any  direction  making  an  angle  a  with  the  normal,  Iveslie  concluded  that  the  relation 
between  these  two  quantities  might  be  expressed  iu  all  cases  by  the  equation 

R'    =    R .  cos  o 

According  to  the  experimen  taofDelaFrovostayeandDesains,  however,  this  rela- 
tion does  not  hold  good  except  for  a  small  number  of  substancfts,  lampblack  being  one  of 
them.  They  placed,  between  a  radiating  surface  of  conftfiderable  extent  and  the 
thermo-electric  pile,  a  scre<*n  pierwd  with  a  comparatively  small  aperture,  through 
which  alone  the  rays  could  reach  the  pile.  Now  it  is  obvioiLs  that  with  this  arrange- 
ment^  the  extent  of  surface  from  which  rays  could  arrive  at  the  pile  was  less  when  the 
surfaca  was  placed  so  as  to  radiate  normally  through  the  aperture,  than  when  it  was 
placed  so  as  to  radiate  obliquely,  and  that  the  extent  of  surface  from  which  rays  were 
received  by  the  pile  in  the  latter  case,  was  to  the  extent  of  surface  from  which  they 
were  received  in  the  former  case,  inversely  as  the  cosine  of  the  angle  through  which  the 
radiating  body  had  been  turned.  Hence,  if  the  intensity  of  the  radiation  from  a  unit 
of  surface,  varied  directly  as  the  cosine  of  the  same  angle,  the  total  heating  effect  upon 
the  pile  must  have  remained  the  »ime  for  all  positions  of  the  radiating  surface ;  tnis, 
however,  was  not  the  case  except  with  lampblack,  as  will  be  seen  from  the  following 
table : — 

Emissive  Powers  at  various  Angles. 


Angle  of  emiMion. 
(measured  ft-ooi 
normal). 

Lampbbck. 

Glakt. 

White-lead 
varuith. 

Red  orhre 
▼arnlfth. 

Black  Taralab. 

0° 
60° 

70° 
75° 
80<» 

100 

ioo 

1         *     * 
100 

900 
83-6 
750 
653 
64-4 

100 
94-6 
83-9 

65-9 

100 
91-2 
82-3 

100 

76 

•  • 


•  *  • 

•  * 

«    w    * 
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excess  of  temperature  of  the  cooling  body,  the  temperature  of  an  enrelope  rises  in  an 
arithmetical  ratio.  Hence,  if  k  denotes  the  rate  of  cooling  corresponding  to  a  girea 
excess  of  temperature  t^  when  the  temperature  of  the  globe  is  0^,  the  rate  of  cooling 
corresponding  to  the  same  excess  of  temperature  when  the  temperature  of  the  globe  is 
«o,  will  be 

k.a9, 

where  a  is  the  ratio  of  the  rate  of  cooling  when  the  temperature  of  the  globe  is  1®  to 
the  rate  of  cooling  when  the  temperature  of  the  globe  is  0°,  the  excess  of  temperatare 
being  in  both  cases  the  same.  Idaking  9  =  20,  the  results  contained  in  the  above  table 
«ve  us  for  a9  =  a*  the  value  1*16,  whence  we  get  a  =  'Vl  16  =  1*0077.  Dulong  and 
Petit  found  that  the  d<*pendence  of  the  rut<'  of  cooling  in  vacuo,  of  a  heated  body,  upon 
its  temperature,  and  its  excess  of  temperature  over  that  of  the  envelope,  might  be  ex- 
pressed by  the  following  equation : — 

A    -     M.a'(a*  -1), 

where  A  is  the  rate  of  cooling,  M  a  constant  depending  on  the  mass,  extent  of  snifaee, 
and  emissive  power  of  the  body,  and  a,  0,  and  t  have  the  meanings  already  assigned  to 
them.  The  numerical  value  of  M  in  Dulong  and  Pet  it's  experiments  may  be  deduced 
from  any  of  the  results  given  in  the  table :  thus,  taking  t  »  140  and  9  »  0,  we  bar* 
for  the  rate  of  cooling  A  b  3*88,  and  therefore 

M  -  —  ^—-,     -      ?-^? -   1-9829. 

a«(a»-l)  10077'*«-1 

The  values  of  the  constants  M  and  a  require  to  bo  determined  in  every  case  bj  special 
experiments  ;  M  necessarily  varies  from  one  body  to  another,  and  it  has  been  proved 
by  De  la  Provostaye  and  Desains,  that  a,  or  the  rate  at  which  the  rate  of  cooling 
for  a  constant  excess  of  temperature  of  1^  increases  with  rise  of  temperature,  is  different 
for  different  bodies.  If  the  coefficient  a  were  the  same  for  all  bodies,  we  should  have 
for  the  rates  of  cooling  of  any  two  bodies  under  the  same  circumstances  of  tempermtnzt 

A-  M  .  aV-1)  and  A'  »  M' .  a«(a*-l),  and  therefore 

A  M 

-7—     "     —     ■*  constant : 

that  is  to  say,  the  rates  of  cooling  of  the  two  lK>dies  would  be  to  each  other  in  a  constant 
proportion,  so  long  as  they  both  had  the  same  temperature,  and  the  same  excess  of 
temperature  over  surrounding  objects.  But  the  rates  of  cooling,  other  things  being 
equal,  must  depend  on  the  radiating  powers  of  the  two  bodies,  which  therefore,  under 
the  circumstances  above  supposed,  must  be  to  each  other  in  a  constant  ratio.  To 
ascertain  whether  this  constant  ratio  really  existed,  De  la  Provostaye  and  Desains  con- 
nected a  strip  of  platinum-foil,  one  face  of  which  was  coated  with  lampblack,  and  the 
other  with  borate  of  lead,  with  the  terminals  of  a  galvanic  battery,  so  that,  by  sending 
through  it  an  electric  current  of  greater  or  less  intensity,  its  temperature  could  be  raised 
to  any  required  point,  and  placed  it  between  two  thermo-electric  piles,  regulating  the 
rehitive  positions  so  that,  when  the  strip  was  heated  by  a  moderate  current,  the  effect 
of  its  radiation  on  both  piles  was  exactly  the  same.  On  now  raising  the  temperatore 
of  the  platinum  to  a  higher  degree,  it  was  found  that  this  equality  of  radiation  was  no 
longer  maintained,  the  blackened  side  radiating  more  heat  than  the  side  coated  with 
borate  of  lead,  so  that,  after  the  piles  had  been  adjusted  to  equality  of  effect  with  the 
platinum  stri^  at  100°,  they  indicated  differences  in  the  amount  of  radiation  from  its 
two  surfaces  in  the  ratio  of  0-75  to  1  when  its  temperature  was  650^.  Hence  the 
emissive  powers  of  different  substances  do  not  vary  according  to  the  same  law  with 
Viiriationa  of  temperature,  and  therefore  the  quantity  denoted  above  by  a  is  not  the 
same  for  all  bodies. 

Jt  was  supposed  by  Newton  that  the  rate  of  cooling  of  a  given  body  was  directly 
proportional  to  the  excess  of  its  temperature  over  that  of  surrounding  objects.  It  has 
been  already  pointed  out  that  Dulong  and  Petit's  experiments  prove  this  not  to  be  the 
case  ;  nevertheless  Newton's  law  of  cooling  corresponds  very  closely  with  their  formula 
when  the  value  of  0  is  constant  and  that  of  t  small,  and  therefore  the  factor  a*~l, 
which  expresses  the  effect  of  the  excess  of  temp^-rature  of  the  cooling  body,  nearly 
proportional  to  t,  which  denotes  that  excess.  In  the  cases  of  most  frequent  occurrence, 
in  which  the  law  of  cooling  has  to  be  taken  into  account, — such,  for  instance,  as  the 
Odlculation  of  the  corrections  to  bo  applied  in  calorimetrical  experiments  for  differences 
of  temperature  between  the  calorimeter  and  external  objects  (see  Heat,  iiL  27) — the 
above  conditions  are  very  approximately  fulfilled;  and  hence,  in  such  cases,  Newton*s 
biw  may  (renerally  be  applied  instead  of  the  more  accurate,  but  more  complicated, 
formula  of  Dulong  and  Petit 
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When  a  heated  body  is  in  contact  with  air  or  any  other  gas,  as  usually  happens  in 
practice,  it  loses  heat  not  alone  by  radiation,  but  also  by  conduction  and  communication 
of  heat  to  the  particles  of  gas.  Hence,  in  such  a  case,  the  rate  of  cooling  may  be 
represented  by 

v     =     A  +   Ai, 

where  A  represents  the  cooling  which  is  due  to  radiation,  and  A^  the  cooling  due  to 
conduction,  &c.  Dulong  and  Petit  found  experimentally  that  the  term  A^  may  be 
expressed  by  the  empirical  formula 

Ai  -N.|i-.<»« 

where  N  is  a  constant  depending  on  the  mass,  extent  of  sur&ce,  and  nature  of  the 
cooling  body,  and  also  on  the  nature  of  the  surrounding  gas ;  p  is  the  pressure  of  the 
gas  ;  c  is  a  constant  depending  on  the  nature  of  the  gas,  being  0*46  for  air,  0*38  for 
hydrogen,  and  0*617  for  carbonic  anhydride;  and  t  is  the  excess  of  temperature  of  the 
cooling  body. 

The  complete  expression  for  the  rate  of  cooling  of  any  given  body  whose  temperature 
is  t  +  6,  in  a  space  whose  temperature  is  9,  and  in  contact  with  a  gas  whose  pressure 
is  /),  is  therefore 

V     -     M.a^a*-!)  +  N.  !»•.<»•«. 

This  equation  may  be  put  under  a  somewhat  different  form.  If  we  denote  the  weight 
of  the  cooling  body  by  P,  its  specific  heat  by  C,  its  superficial  area  by  S,  and  the 

Quantity  of  heat  given  out  by  a  unit  of  surface  in  a  unit  of  time  by  W,  we  have,  for 
[le  quantity  of  heat  given  out  by  the  whole  body  in  a  unit  of  time^ 


S.W-P.C.v,  and  therefore  v  - 


S.W 
P.O 


But,  since  W  is  made  up  of  two  parts,  one  of  which  «  to  is  proportional  to  a'  (a*  -» 1)» 

and  the  other  =  to'  is  proportional  to  v* .  ^'•"',  we  have  -^ — r — -r  ■>  const.  »  H,  and 
,  fl»Ca«-l) 

, __  a  const.  =  K:  we  may  therefore  write 


M  »H. 


8 


P.C 


and   N  -  K 


S 


•p.c 


and  hence 


or 


W  -  H  .  a9^€fi  -  1)  +  K  .^  <»•« 


In  order  to  apply  this  formula  to  special  cases,  it  is  necessary  to  determine^  experi- 
mentally, the  numerical  values  of  the  constants  H  and  K.  This  has  been  done  in  the 
case  of  several  substances  by  Hopkins  (Phil.  Trans.  1860,  p.  379;  Proc.  Roy.  Soc. 
X.  514),  whose  principal  results  are  given  in  the  following  table,  where  W  expresses, 
in  terms  of  the  quantity  of  heat  required  to  raise  the  temperature  of  1000  grains  of 
water  1^  C,  the  heat  given  out  by  one  square-foot  of  surface  in  one  minute ;  a,  <,  9,  and 
p  have  the  meanings  and  values  already  assigned  to  them,  p  being  measured  in  metres 
of  mercury : — 

Absolute  Emissive  Powers* 


Sutwtancei. 

Emlfaion  per  square*foot  per  minute. 

Glass       .... 
Dry  Chalk 

Dry  New  Bed  Sandstone  . 
Sandstone  {building  stone) 

Polished  Limestone 

Unpolished  Limestone    > 
(same  block  as  the  last)  \ 

W  -     9-566  a«(«»       1)  +   003720 (^M  •"«<  »«• 

W  -     8-613  a«(a«  -  1)   +   003720 /-^- V**  <  »•»« 

W  -     8-377  a^a«-  1)  +   00372of^^  U«  ^  i.»« 

\072/ 

W  -     8-822  ali{a^  -  1)   +   003720^^   V«  t  >." 

W  -     9106fl«(a«  -  1)   +   003720 f  ^  V**  *  '" 

\0-72/ 

W  -   12-808  a^a»-  1)   -H  00372o/  ^  V«<'« 

VO-72/ 
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The  more  recentresearcheaof  De  la  Provost  aye  and  Desains  have  jMnredin  the 
main  to  confirm  the  aocuracy  of  Dulong  and  Petit's  formula :  but,  in  order  to  make 
it  roproduce  still  more  closely  the  results  of  observation,  they  have  introduced  some 
modifirations ;  for  which  we  must  refer  to  their  original  papers.  (Ann.  Ch.  Phy8.'[3] 
xvi.  337;  xxii.  358.) 

Siill  another  circumstance  affecting  the  emissive  power  of  bodies  for  radiant  hent 
has  been  pointed  out  by  Clausius  (Pogg.  Ann.  czxi.  43),  who  arrives  by  mathema- 
tical reasoning  at  the  conclusion  that  the  emissive  power  of  a  body  depends  on  the 
Telocity  with  which  rays  of  lieat  (or  light)  are  propagated  through  the  surrounding 
medium,  the  emissive  powers  of  the  same  body  when  immersed  in  any  two  media  being 
to  each  other  in  the  inverse  nitio  of  tlie  squares  of  the  velocities  of  propagation  of 
radiant  heat  in  those  media,  or,  what  comes  to  the  same  thing,  in  the  direct  ratio  of 
the  squares  of  the  indices  of  refraction  of  the  two  media.  And  by  comparing  the 
radiation  of  heat  through  hydrogen  and  through  carbonic  anhydride,  from  the  blackened 
surface  of  a  metallic  vessel  filled  with  lK>iling  water,  v.  Quintus  Icilius  (Pogg.  Ann. 
exxvii.  30),  believes  that  he  has  obtained  an  experimental  verification  of  Clausius'a 
deduction. 

Quality  of  Emitted  Bays, — We  have  hitherto  considered  onl j  thooe  eiimm- 
stances  which  affef*t  the  total  inteuHity  of  the  radiation  by  hoUed  bodies;  but  the 
quality  of  the  heat  emitted,  as  well  aj9  its  quantity,  varies  with  the  temperature  and 
nature  of  the  radiating  body. 

"By  comparing  together  the  relative  penetrating  powers  of  radiant  heat  fhnn 
different  sources  through  a  great  variety  of  substances,  Mellon i  found  that,  as  a 
general  rule,  the  higher  the  temperature  of  the  radiating  source,  the  greater  was  the 
number  of  different  substances  through  which  a  greater  or  less  proportion  of  the 
radiated  heat  was  capable  of  passing.  Hence  he  concluded  that  the  heat  radiated  by 
sources  of  low  temperature  was  more  hotnttgeneotis  than  the  heat  radiated  by  sources  dP 
high  temperature,  the  latter  containing  rays  capable  of  penetrating  substances  through 
which  none  of  the  rays  emitted  by  sourcea  of  low  temperature  were  able  to  pass.  On 
the  theory  we  have  adopted  as  to  the  nature  of  radiant  heat,  this  is  equivalent  to 
saying  that,  among  the  heat-waves  emitted  by  sources  of  high  temperature,  there  is  a 
greater  variety  of  wave-lengths  than  there  is  among  the  waves  emitted  by  sources  of 
low  temperature.  But  at  the  same  time  that  new  kinds  of  rays  are  successively  emitted 
as  the  temperature  of  a  radiating  l)ody  is  raised,  Melloni  showed  that  the  rays 
previously  given  out  by  it  still  continue  to  be  emitted,  and  with  increased  intensity. 
(See  La  Thermochroae,  pp.  311 — 316.^ 

By  examining,  in  the  manner  that  nas  been  mentioned,  the  heat  radiated  by  metals, 
whether  polished,  varnished,  oxidated,  or  blackened,  as  well  as  by  wood,  leather,  oc 
marble,  when  each  was  heated  to  160^,  Melloni  was  unable  to  det^^ct  any  diflerenco 
of  quality-  {Op.  cit.,  p.  325)  ;  but  between  the  heat  radiated  from  a  source  at  100®,  and 
that  radiated  from  a  source  at  400°,  he  found  very  marked  differences.    }{y  experiment- 
ing in  a  similar  manner,  Knoblauch  could  not  detect  anv  difference  of  quality  in 
the  heat  radiated  by  such  various  substances  as  metals,  wood,  porc<'la in,  leather,  cloth, 
and  cardboard,  when  heated  to  temperatures  between  30°  and  112°  (Pogg.  Ann.  Izx. 
352).     Moreover,  Draper  (Phil.  Mag.  [3]  xxx.  345)  found,  by  heating  very  variona 
substances,  such  as  platinum,  chalk,  marble,  fluor-spar,  brass,  antimony,  gas-carbon, 
and  lead,  in  a  gun-barrel,  that  they  all  became  n*d-hot,  that  is  to  say,  they  all 
began  to  emit  red  rays,  at  the  same  temperature,  estimated  at  625° ;  and  it  has  been 
shown  by  Kirch hoff  (Ann.  Ch.  Phys.  [3J  Ixii.  179),  that,  on  theoretical  grounds, 
such  must  be  the  case :  that,  in  fact,  all  bodies  whose  temperature  is  gradually  raised 
begin  by  emitting  rays  of  the  same  wave-length ;  at  a  certain  temperature  all  become 
red-hot,  and  at  a  certain  higher  temperature,  which  is  the  same  for  all,  they  begin  to 
emit  orange  rays,  then  at  a  still  higher  temperature  yellow  rstys,  and  so  on — rays  of 
greater  and  greater  rcfrangibihty  making  their  appearance  as  the  temperature  rises. 
This  conclusion  is  in  exact  accordance  with  an  experiment  long  previously  made  by 
Draper  {loc.  cit.).    This  consisted  in   examining,  by  means  of  a  prism,  the  imya 
emitted  by  a  platinum-wire  raised  to  successively  higher  and  higher  degrees  of  in- 
candeticence  by  sending  an  electric  current  through  it     The  first  visible  rays  which 
the  wire  emitted  were  red ;  then,  when  the  temperature  was  raised  to  about  655®,  the 
prismatic  appearance  of  the  wire  was  that  of  a  spectrum  extending  from  the  red  as  fiur 
as  Fraunhofer's  line  F  in  the  jzreen  (iii.  621) ;  at  a  temperature  estimated  as  718®,  • 
narrow  strip  of  blue  was  visible  in  addition  to  the  previous  colours ;  at  782°  the 
spectrum  reached  towards  the  more  refrangible  end  as  far  as  the  line  G  in  Uie  indigo,  and 
at  the  other  end,  the  portion  between  the  lines  B  jmd  A  which  was  not  visible  at  fint» 
had  made  its  appearance,  thus  proWng  that  the  emission  of  rays  of  greater  zo&angi- 
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Absorption  of  Radiant  Heat. 

It  has  been  explained  already  (p.  43),  that  when  radiant  heat  aniTes  at  tiie  snrfiiea 
of  a  material  body,  part  of  it  is  always  reflected,  either  regularly  or  diffoBiTelj ;  bat 
this  reflection  is  never  complete;  another  portion  of  the  heat  penetrates  into  the 
substance  of  the  body,  and  according  to  the  particular  properties  of  the  latter,  is  either 
wholly  or  in  part  transmitted  through  it,  or  is  wholly  or  in  part  annihilated,  causing 
an  increase  of  temperature  in  the  body.  It  is  this  extinction  of  radiant  heat  in 
causing  rise  of  temperature  in  material  bodies,  that  constitutes  the  phenomenon  of 
absorption.  Upon  the  undulatory  theory  of  radiant  heat,  we  must  oonceiTe  of  it  as 
consisting  in  the  production  of  vibrations  of  material  particles  by  the  impinging 
waves  of  ether.  U]x>n  this  view,  it  is  obvious  that  the  vibrations  excited  br  radiant 
heat  can  never  be  more  rapid  than  those  of  the  rays  themselves,  nor,  therefore,  than 
those  of  their  source ;  in  other  words,  a  body  can  never  be  raised  by  radiation  to  a 
higher  temperature  than  tliat  of  the  body  from  which  the  rays  are  emitted ;  and  it  is 
likewise  obvious  that  whatever  rays  a  body  most  plentifully  emits,  those  it  will  also 
most  plentifully  absorb.  Both  these  deductions  from  theory  have  received  the  most 
complete  verification  from  experiment ;  in  fact  the  phenomena  of  absolution  hare 
been  found  to  present,  even  in  the  minutest  particulars,  the  exact  ooonteipart  of  those 
of  emission,  as  upon  the  undulatory  theory  they  must  necessarily  do. 

The  absorptive  power  of  a  substance,  or  its  coefficient  of  abwrption^  is  the  ratio  of 
the  quantity  of  heat  absorbed  to  the  quantity  of  heat  which  is  incident  upon  it. 
Calling  the  quantity  of  heat  absorbed  Q',  and  the  total  quantity  of  incident  heat  Q,  the 
coefficient  of  absorption  may  be  represented  by 

If  a  body  absorbed  all  the  heat  which  fell  upon  it,  its  coefficient  of  absorption 
would  attain  a  maximum  value  »  1,  but  the  absorption-coefficient  of  no  known 
substance  quite  reaches  this  maximum,  though  that  of  lampblack  probably  makes  ft 
near  approach  to  it. 

The  experimental  measurement  of  the  absorptive  powers  of  different  substanees  is  a 
problem  of  considerable  complexity.  Thn  first  person  to  attempt  its  solution  was 
eirJohnLeslie  (Exptrimen  tal  Inquiry  into  the  I^ature  of  Heat^  London,  1 804 ).  He 
coated  the  bulb  of  a  differential  thermometer  successively  with  the  different  substances 
to  be  examined,  and  observed  the  temperature  which  the  thermometer  attained  in 
each  case  when  it  was  exposed  to  the  radiation  of  a  source  of  constant  intensity.  The 
results  were  stated  with  reference  to  the  absorptive  power  of  lampblack ;  calling  the  ab- 
sorptive power  of  this  substance  Aj,  and  the  excess  of  tempi^rature  above  thesorround- 
ing  air  attained  by  the  thermometer  when  its  bulb  was  coated  with  lampblack  U^ 
Leslie  assumed  that  the  relative  absorptive  power  A  of  any  other  substance  whidi 
caused  the  thermometer  to  acquire  the  excess  of  temperature  t^  might  be  deduced  firom 
the  equation 

A      ^     £ 

a;    "   t. 

This  assumption,  however,  is  not  correct.  When  the  thermometer  has  become  stationary 
at  some  maximum  point  of  temperature,  it  is  because  it  is  then  giving  out  precisely  as 
much  heat  as  it  absorbs.  If  we  denote  by  Q  the  constant  quanti^  of  heat  which  ialls 
upon  the  thermometer,  the  quantity  absorbed  in  the  two  cases  will  be 

Q  .  A    and    Q  .  A^  ; 

and  if  S  is  the  superficial  area  of  the  thermometer-bulb,  and  E^  and  E  the  reffpeetire 
emissive  powers  of  lampblack  and  the  substance  to  be  compared  with  it»  we  shall  hky% 

QA     -     S£^    and    QAi     »     SE^^^ 

Aj  El      tx 

Hence  we  see  that  the  temperature  attained  by  the  thermometer  depends  on  the 
emissive  power  as  well  as  on  the  absorptive  power  of  the  substance  with  which  it  is 
coated,  and  can  only  be  taken  as  a  measure  of  the  former,  on  the  supposition  (whidi 
we  know  to  be  erroneous)  that  the  emissive  power  of  all  substances  is  the  same. 

A  somewhat  similar  but  rather  more  accurate  process  was  employed  by  MellonL 
He  coated  one  side  of  a  thin  copper  disk,  a  little  larger  than  the  opening  of  the  conical 
reflector  of  the  thermo-electric  pile,  with  lampblack,  and  the  other  side  with  the  sab- 
stance  to  be  examined,  and  fixed  it  close  against  the  open  end  of  the  reflector  with  the 
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blackened  side  inwards.  On  now  ezpoaing  the  enter  snrface  of  the  disk  to  the  radiation 
from  any  source  its  temperature  rose,  and  it  consequently  itself  began  to  radiate  heat 
from  its  blackened  surface  upon  the  thermo-electric  pile :  thus  causing  a  deflection  of 
the  galvanometer,  which,  after  a  certain  time,  reached  a  maximum  at  which  it  remained 
constant  Denoting,  as  before,  the  quantity  of  incident  heat  by  Q,  the  absorptiye  and 
emissive  powers  of  the  substance  by  A  and  £,  and  the  corresponding  quantities  in 
the  case  of  lampblack  by  A^  and  E^,  and  further  puttinff  S  for  the  area  of  one  side  of 
the  disk,  we  have  for  the  quantity  of  heat  absorbed  by  the  disk  QA,  and  for  the 
quantity  of  heat  emitted  by  it  8Ei  +  SE^^,  where  t  represents  the  excess  of  the 
temperature  of  the  disk  above  that  of  surrounding  objects.  When  the  temperature 
of  the  disk  has  become  stationary,  these  two  quantities  of  heat  are  equal,  that  is 

Q.A     -     S(E  +  Ex).<; 

and  if  both  sides  of  the  disk  are  covered  with  lampblack,  its  temperature  beoomef 
stationary,  when 

Q  .  Aj     -     2SEi  .  ti 

Hence  for  the  relative  absorptive  powers,  we  have 

A  E  -f  El       i 

Ax     " 


It  is  evident  that  the  value  of  the  fiictor 


2Ei  ti 

E  +  E 


2Ei 


,  which  appears  in  this  equation, 


must  always  lie  between  the  limits  ^  and  1,  and  that  it  is  always  more  nearly  equal  to 

E 
unity  than  the  factor  -.^  ,  which  occupies  the  corresponding  place  in  the  equation 

applicable  to  Leslie's  experiments;  in  other  words,  the  effects  measured  byMelloni 
were  more  nearly  proportional  to  the  absorption-coefficients  of  the  various  substances 
than  the  effects  measured  by  Leslie.  The  values  of  the  absorptive  powers  of  various 
substances,  as  thus  estimated  by  Me  lion  i,  are  given  in  the  following  table,  compared 
with  the  absorpiive  power  of  lampblack  taken  as  100: — 


BubttsDcet. 


Lampblack  .        . 
Indian  ink  . 
White  lead  . 
Isinglass 
Gum-lac 
Metallic  surfaces . 


SourewofHest 

Loc«teIU*i 

locandetcent 

Copper 

Copper 

Lamp. 

Platlmim. 

at  400°. 

atlOO^. 

100 

100 

100 

100 

96 

96 

87 

86 

63 

66 

89 

100 

62 

64 

64 

91 

43 

47 

70 

72 

14 

13-6 

13 

13 

This  table  shows  not  only  that  different  substances  differ  greatly  in  absorptive 
power,  those  substances  which  have  the  greatest  emissive  powers  being  also  the  best 
absorbers,  but  also  that  the  same  substance  exerts  very  different  absorbent  actions  on 
radiant  heat  from  different  sources.  And  it  may  be  observed  that  although,  for  the 
reasons  already  stated,  the  numbers  in  this  table  oo  not  represent  quite  accurately  the 
relative  absorptive  powers  of  different  substances,  they  do  express  accurately  the 
relative  absorptive  powers  of  the  same  substance  fbr  different  kinds  of  heat.  For,  if 
we  denote  by  A  and  A' the  absorptive  powers  of  the  same  substance,  for  the  heat  from 
two  different  sources,  and  by  t  and  r  the  excess  of  temperature  attained  by  the  disk 
under  the  radiation  from  the  respective  sources,  we  shall  have  for  the  conditions  of 
equilibrium  of  temperature  in  the  two  cases, 

QA  -  S  (E  +  El) .  <  and  QA'  -  S(E  +  E^y 

the  difference  between  i  and  t'  bein^,  under  the  circumstances  of  the  experiment,  so 
small  that  we  may  consider  the  emissive  power  of  the  substance  constant,  and  represent 
it  in  each  case  by  E.    Hence  we  get  as  above : — 


or, 


A            E  +  Ex 
Ax                2Ex 

t 

and 

A'     _    E  +  Ex     < 

Ax                       2£x            7; 

A 

t 
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From  the  foregoing  diaciusion  of  Leslie's  and  Mellonrs  experiments,  it  will  h9 
erident  that  in  oracr  to  be  able  to  deduce  the  absorptire  powers  of  Tarions  substances 
from  the  elevation  of  temperature  which  they  undei)^  under  the  influence  of  radisjit 
heat,  the  conditions  of  the  experiments  must  be  such  that  the  quantitj  of  heat  emitted 
by  each  substance  shall  be  the  same. 

These  conditions  were  fulfilled  for  the  first  time  in  the  experiments  of  De  la  ProTO- 
staye  and  Desains  (Ann.  Ch.  Phys.  [3]  xxx.  431),  the  general  principle  of  whose 
method  will  be  intelligible  from  the  following  considerations.  If  a  tnermometer, 
placed  inside  a  closed  and  exhausted  envelope,  remains  at  a  constant  temperature,  it  eaa 
only  be  because  the  quantity  of  heat  which  it  emits  in  a  given  time,  is  precisely  equal 
to  the  quantity  it  absorbs  of  the  heat  radiated  upon  it  from  the  envelope.  The  quan- 
tity of  heat  emitted  in  a  unit  of  time  is  plainly  =  v .  P .  r,  if  v  denotes  the  rate  of  cooling 
of  the  thermometer  under  the  given  conditions  of  temperature,  P  its  mass,  and  e  its 
specific  lieat.  Hence,  if  Q  is  the  quantity  of  heat  radiated  by  the  envelope,  and  A  the 
coefficient  of  absorption  of  the  substance, 

QA    -   v.P.c 

If  now  the  same  thermometer  is  covered  with  lampblack,  with  the  absorption-coeffi- 
cient Ai,  the  envelope  and  its  temperature  remaining  unchanged,  we  have  also 


and  therefore 


QAj    «   «x.P.tf 


Ai 


Vi 


that  is  to  say,  the  determination  of  the  relative  absorbing  powers  is  resolyed  into  » 
determination  of  rates  of  cooling. 

In  the  practical  application  of  these  principles,  De  la  Provostaye  and  Desains 
employed  a  very  sensitive  thermometer  with  a  spherical  bulb,  which  they  coated  suc- 
cessively with  the  substances  to  be  examined.  The  thermometer  was  fixed  in  each 
experiment  in  exactly  the  same  position  in  the  interior  of  a  metal  globe,  bladLened  on 
the  inside,  exhausted  of  air  as  completely  as  possible,  and  kept  at  a  constant  tempera- 
ture by  being  surrounded  with  water.  In  the  side  of  the  globe  was  inserted  a  convex 
lens,  the  focus  of  which  was  a  little  in  front  of  the  thermometer-bulb.  By  means  of 
this  lens,  the  surface  of  which  was  so  small,  compared  with  the  total  interior  surface  of 
the  globe,  that  it  did  not  make  the  loss  of  heat  by  the  thermometer  sensibly  diflTeient 
from  what  it  would  have  been  if  the  surface  of  the  globe  had  been  unbroken  and  of  ft 
uniform  temperature  throughout,  the  heat  of  the  sun  or  of  a  lamp  could  be  concentrated 
upon  the  bulb  of  the  thermometer.  The  temperature  of  the  thermometer  then  rose, 
until  it  became  stationary  at  the  point  at  which  the  loss  of  heat  by  radiation  exactly 
balanced  the  gain  of  heat  by  absorption.  The  stationary  temperature  having  been 
found,  the  rate  of  cooling  corresponding  to  this  temperature  was  ascertained  bj  sepa- 
rate experiments  ;  and  such  determinations  having  been  made  when  the  thermometer 
was  coated  with  several  differexit  substances,  the  coefficients  of  sbsorption  of  these 
substances  could  be  deduced  as  above  explained.  The  following  table  gives  the 
results  obtained,  compared  with  the  coefficient  of  absorption  of  lampblack  taken  m 
unity : — 

JRelative  Coefficients  of  Absorption. 


Solnr  heat. 

SubcUiice. 

Co'fBdentg  of 
AlMorptlon. 

\\niite  lead  . 
Gold-leaf     . 
Silver-leaf  . 

• 
• 
• 

019 
013 
0076 

Heat  of  a  "  Moderator ' 

•lamp. 

Platinum  black    . 
Cinnabar 
White  lead  . 
Silver,  pulverulent 
Oold-Iedf     . 

1 

1 

0-286 

0-21 

0-21 

004 
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In  the  cfise  of  certain  substances,  another  method  is  applicable  for  the  determination 
of  their  coefficients  of  absorption,  and  this  method  gives  absolute  values  for  these 
coefficients,  and  not  merelj  comparative  values  referred  to  some  one  substance  chosen 
arbitrarily  as  a  standard.  According  to  what  was  said  above  (pp.  43,  44),  a  quantity 
of  radiant  heat  Q  falling  upon  a  material  body  is  in  general  broken  up  into  four  parts, 
of  which  one  QA  is  absorbed,  another  QT-  is  transmitted,  another  QK  is  regulariy  re- 
flected, while  the  last  QD  is  diffusively  reflected.     Hence,  we  may  write 

Q  -  Q(A  +  T  +  R  +  D). 

But,  for  metallic  substances,  the  power  of  tninjsmitting  radiant  heat  is  imperceptible, 
and  many  of  them,  when  thoroughly  polished,  do  not  diffuse  any  sensible  quantity  of 
heat  Hence,  for  perfectly  ^lished  metals,  T  and  D  in  the  above  equation  both 
become  s  0,  and,  for  the  coefficient  of  absorption,  we  have  the  expression 

.  Q-QR 

"  "~Q — ' 
For  snch  substances,  therefore,  the  coefficient  of  absorption  maybe  found  by  dividing 
the  difference  between  the  reflected  heat  and  the  total  incident  heat  by  the  incident 
heat  In  this  way,  De  la  Provostaye  and  Desains  (loc.  cit.  p.  442)  obtained  the 
numbers  given  in  the  following  table.  They  remark  that  they  may  be  considered  as 
applicable  to  all  incidences  between  0^  and  70^»  but  that  they  must  be  a  little  in  excess 
of  the  truth  for  such  metals  as  cannot  be  polished  sufficiently  to  completely  destroy 
diffusive  reflection:— 

Coefficients  of  Absorption  of  Polished  Metals, 


MeUl. 

Source  of  Heat 

Tb«  Sun. 

•*  Moderator" 
lamp. 

Locatc11i*t 
lamp. 

Flame  of  alcohol 

saturated  with  chio* 

ride  of  lodiuro. 

Copper 
at40U^. 

Steel .... 
Speculum  metal. 
Platinum   . 
Zinc  .... 
Tin    . 
Brass 
Gold. 

Plated  silver,  Tery ) 
bright                t 

0-42 
0-34 
0-39 

•  • 

•  • 

013 
008 

0-34 
0-30 
0-30 
0-32 
0-32 
016 

•         • 

0-036 

0176 

0-145 

017 

019 

015 

007 

0046 

0026 

0-12 
Oil 

o-o« 

.     * 

0-106 

0-055 
0045 

The  close  agreement  between  the  numbers  ^ven  in  this  table  and  those  given  in 
the  last  for  the  absorptive  powers  of  gold  and  silver  for  solar  heat,  prove  that  the  num- 
bers of  the  last  table  may  likewise  be  taken  as  very  nearly  representing  the  absolute 
coefficients  of  absorption  of  the  substances  included  in  it,  or  that  the  coefficient  of 
absorption  of  lampblack  is  very  nearly  equal  to  unity,  as  it  is  there  assumed. 

We  may  mention  here  an  observation  of  De  la  Provostaye  and  Desains  which 
illnstrates  very  strikingly  the  important  influence  of  the  emissive  power  of  a  substance 
as  well  as  of  its  absorbing  power,  on  the  fidlity  with  which  it  is  heated  by  radiant 
heat  They  placed  under  the  receiver  of  an  air>pump  a  differential  thermometer,  one 
of  the  bulbs  of  which  was  covered  with  gold-leaf,  and  the  other  with  white  lead,  a 
■mall  blackened  metallic  screen  being  placed  between  them  in  order  to  intercept  their 
mutual  radiation.  After  the  receiver  was  exhausted,  a  powerful  hunp  was  placed 
symmetrically  with  respect  to  the  two  bulbs  so  as  to  radiate  equally  upon  each  of  them, 
when  it  was  found — ^notwithstanding  the  absorptive  power  of  white  lead  for  the  heat 
of  the  lamp  being  0'21  and  that  of  gold-leaf  only  0*04 — that  the  gilded  bulb  was  most 
heated.  This,  at  flrst  sights  paradoxical  result  is  easily  understood  when  it  is  remem- 
bered that,  although  white  lead  absorbs  five  times  as  much  of  the  beat  of  the  lamp 
as  gold-leaf  does,  its  emissive  power  for  obscure  rays  is  twenty-five  times  as  great  as 
that  of  gold-leaf. 

By  comparing  the  above  numbers  and  those  of  Melloni  (p.  67)  with  the  numbers 
previously  given  (p.  48),  for  the  emissive  powers  of  various  substances,  it  will  be 
seen  that  the  best  absorbers  of  heat  are  also  the  bodies  which  radiate  most  abundantly, 
while  the  worst  absorbers  are  also  the  worst  radiaters.  And  if  this  comparison  is 
carried  farther,  it  is  found  that  the  correspondence  between  the  absorptive  and  emissive 
powers  of  bodies  is  not  merely  general  but  exact ;  that,  in  fact,  any  circumstance  which 
modifies  the  emissive  power  of  a  body  in  any  maimer  whatever,  modifies  its  absorptive 
power  to  a  precisely  similar  extent,  and  in  precisely  the  same  way.    Thus,  taking 
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MellonrsdetenniDationsof  the  emissive  powenofoertaiD  substances  afc  100^,  and  of  the 
absorptive  powers  of  the  same  substances  for  the  heat  radiated  bj  copper  at  100^,  w« 
find  ue  following  results : — 


BmUsIre  Poweni 

AbMrpti?«1 

Lampblack     . 

100 

100 

White  Lead  . 

100 

100 

Isinglass 

91 

91 

Indian  Ink     . 

85 

85 

Qum-lac 

72 

72 

Metals   . 

12 

IS 

Again,  it  has  been  mentioned  (p.  50),  that  when  a  heated  bodj  is  covered  with  a  thin 
coating  of  a  substance  which  is  more  or  less  transparent  for  heat,  the  emissiye  power 
increases  with  the  thickness  of  the  superficial  film.  Precisely  similar  results  have  been 
obtained  by  Knoblauch  in  the  case  of  absorption.  He  covered  a  metallic  plate  with 
layers  of  varnish,  black  lac,  and  white  lead  of  various  thicknesses,  and  found  that  in 
each  case  the  absorption  increased  with  the  thickness  of  the  layer.  In  order,  however, 
that  this  effect  mav  be  perceptible,  it  is  necessary  that  the  total  thickness  should  be 
but  small ;  otherwise  the  external  coating,  in  consequence  of  its  low  conducting  power, 
becomes  heated  at  the  surface,  and  then  the  increased  emission  more  than  counter- 
balances the  better  absorption. 

The  correspondence  between  emission  and  absorption  naturally  extends  to  Tisible 
radiant  heat  (light),  as  well  as  to  invisible  heat,  and  in  this  case  many  veiy  stinking 
olmervations  in  confirmation  of  it  can  be  made  with  very  simple  means.  For  instance, 
Balfour  Stewart  has  pointed  out  (Proc.  Ko^.  Soc.  x.  386),  that  when  a  black  and 
white  china  cup  is  heated  in  the  fire  and  held  in  the  dark,  the  parts  of  the  patteni 
which  by  daylight  are  black,  in  consequence  of  their  absorbing  nearly  all  the  visible 
rays  whieh  fall  upon  them,  are  more  luminous  than  the  parts  which  by  daylight  are 
white,  in  consequence  of  diffusively  refiecting  nearly  all  the  visible  rays  which  they 
receive.  The  same  observer  has  also  shown  that  media,  which  are  opaque  for  certain 
rays  but  transparent  for  others,  emit,  when  heated,  rays  of  the  kind  for  which  they  am 
opaque ;  thus,  red  class  which  absorbs  greenish  rays,  emits  greenish  rays  when  heated 
and  viewed  in  the  dark ;  while  green  glass,  which  absorbs  red  rays,  emitp  red  rays. 
The  emission  and  absorption  of  rays  of  the  same  wave-length  is  still  more  strikinglj 
exhibited  by  gaseous  bodies.  It  has  been  already  stated  (p.  55),  that  these  substances 
usually  emit  rays  of  certain  definite  d^rees  of  refrangibility,  or  length  of  wave,  with 
much  greater  intensity  than  other  rays,  and  it  has  been  proved  bvKirchhoff  that  the 
rays  which  a  gas  or  vapour  most  readilv  absorbs  are  precisely  those  which  it  most 
freely  emits  (see  Light,  iii.  622).  The  identity  in  the  absorbing  and  emitting  proper- 
ties of  the  same  body  has  been  found  to  hold  good  even  in  respect  to  the  state  of  polar- 
isation of  the  rays  absorbed  or  emitted.  Thus  at  ordinary  temperatures  a  plate  of 
tourmaline,  cut  with  fiices  parallel  to  the  principal  axis  of  Uie  ciystal,  transmits,  with 
little  diminution  of  intensity,  rays  polarised  in  a  plane  perpendicular  to  the  axis,  but 
absorbs  almost  completely  rays  which  are  polarised  in  a  plane  parallel  to  the  axis 
(iii.  655);  and  Kirch  ho  ff  (Ann.  Ch.Phys.  [3]  Ixii.  186)  has  found,  notonly  that  thia 
difference  of  action  on  differently  polarised  rays  is  retained,  though  in  a  less  degree,  at 
temperatures  at  which  tourmaline  itself  becomes  luminous,  but  that  the  light  which  the 
crystal  then  emits  is  polarised  in  the  same  manner  as  the  light  which  it  absorbs.  The 
same  fact  was  independently  observed,  at  about  the  same  time  by  Stewart  (Proc. 
Koy.  Soc  X.  503),  wno  also  showed  that  the  absorption  and  radiation  of  heated  tonr- 
maiine  are  equal  in  decree  as  well  as  in  kind. 

Among  the  non-luminous  rays,  differences  of  refrangibility  are  not  recognisable  by 
any  chaiticter  so  distinctly  mai-ked  as  the  various  colours  which  reveal  such  diflferenees 
in  the  case  of  the  visible  rays ;  hence,  at  temperatures  below  that  at  which  they  become 
luminous,  it  is  less  easy  to  demonstrate  that  the  rays  which  particular  substances  give 
out  are  identical  in  quality  with  those  which  they  absorb,  lievertheless  the  folloinng 
observations  seem  to  prove  conclusively  that  such  is  the  case.  Colourless  rock-salt; 
which  is  perfectly  transparent  for  visible  rays,  i^  likewise  so  traiumarent  for  the  invi- 
sible ravs  emitted  by  a  surface  of  lampblack  at  100<^,  that  a  plate  of  rock-salt  0*77  indi 
thick  allows  75  per  cent  of  them  to  pass,  whereas  the  same  plate  allows  only  80  per 
cent,  to  pass  of  uio  heat  radiated  by  rock-salt  at  100^.  Similarly,  a  thin  plate  of  crown- 
class  allows  only  half  as  much  heat  from  heated  crown-glass  to  pass  as  from  heated 
lampblack.    (B.  St  ewa  rt.  Op.  cit.  p.  387.) 

It  has  also  been  shown  by  Tyndall  (Phil.  Mag.  [4]  xxviii.  518)  that  aqueous 
vapour  is  specially  opaque  fur  the  heat  of  a  hydrogen  fiame,  wherein  the  principal 
radiater  is  no  doubt  aqueous  vapour;  that  carbonic  anhydride  is  especially  opMue  for 
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the  heat  of  a  carbonic  oxide  flame;  and  salphurous  anhydride  for  the  heat  radiated 
by  the  flame  of  snlphide  of  carbon. 

From  the  foregoing  facts,  we  may  conclude  that  the  difference  between  the  two  pro- 
cesses of  emission  and  absorption  of  radiant  heat,  is  a  difference  of  the  kind  which 
would  be  represented  in  mathematics  by  a  difference  of  sign.  The  mechanism  ot  the 
two  processes,  if  we  may  use  the  expression,  appears  to  be  absolutely  identical, 
but  in  the  one  case  it  operates  in  the  opposite  sense  to  what  it  does  in  the  other. 

The  equality  of  emission  and  absorption  may  be  deduced  from  the  fact  that  a  bo<ly 
which  is  in  equilibrium  with  surrounding  objects  undergoes  no  change  of  temperature 
when  the  condition  of  its  surface  is  changed.  A  thermometer,  for  instance,  is  not 
affected  by  wrapping  its  bulb  in  muslin ;  and  since  in  this  case  its  emissive  power  is 
ffreatly  increased,  its  temperature  can  be  maintained  unaltered  by  the  same  quantity  of 
heat  falling  upon  it  from  without,  only  if  its  power  of  absorbing  this  heat  is  increased 
in  exactly  the  same  proportion. 

Transmission  of  Radiant  Heat, 

In  previous  parts  of  this  article,  we  have  already  had  occasion  several  times  to  speak 
of  the  differences  exhibited  by  various  bodies  in  respect  of  their  power  of  transmitting 
radiant  heat,  and  of  the  differences  shown  by  the  same  body  in  its  power  of  transmitting 
heat  from  various  sources.  Before  proceeding  to  a  somewhat  more  detailed  considera- 
tion of  the  phenomena  of  transmission,  it  will  be  convenient  to  explain  certain  terms 
that  are  often  employed  in  the  description  of  them.  These  terms  were  introduced  by 
llelloni  to  facilitate  the  conception  and  expression  of  the  fact,  flrst  clearly  established 
by  his  own  researches,  that  the  relations  of  the  invisible  rays  of  heat  to  material  bodies, 
are  essentially  identical  with  those  of  light.  Bodies  which,  like  atmospheric  air,  rock- 
ralt,  glafti,  &c. — afford  a  more  or  less  free  passage  to  rays  of  heat,  are  called  by  Melloni 
diathermic;  while  those  which  like  the  metals,  entirely  obstruct  the  passage  of 
radiant  heat,  are  called  adiathermic;  the  corresponding  properties,  which  we  have 
hitherto  in  this  article  spoken  of  as  transparence  and  opacity  for  radiant  heat,  beins 
called  diathermacy  and  adiathermacy,  sometimes  also  diathermaneity  and 
adiathermaneity.  The  property  oi  selective  traiismission  which  most  diathermic  bodies 
possess,  that  is  the  property  of  transmitting  rays  of  certain  wave-lengths,  and  not 
transmitting  other  rajs,  is  called  thermochrose  (from  B'pt^hv  and  xp^^^)^  ^^'^  bodies 
which  possess  this  property  are  termed  thermochroic,  and  those  which  do  not  possess 
itathermochroic.  The  terms  thermochrose  and  thermochroic  are,  however,  also  used 
in  reference  to  sources  of  heat  in  whose  radiation  rays  of  certain  wave-lengths  predo- 
minate, and  to  the  heat  itself  which  such  sources  give  out,  as  well  as  to  adiathermic 
bodies  which  exhibit  a  power  of  selective  absorption  or  reflection  :  just  as,  in  the  case 
of  light,  the  words  colour^  coloured^  &c.,  are  used  equally  in  speaking  for  instance,  of 
the  flame  of  alcohol  charged  with  chloride  of  sodium,  of  the  light  which  such  a  flame 
gives  out,  of  a  piece  of  yellow  glass,  or  of  a  piece  of  gold,  and  the  same  word,  yeUow^  is 
used  to  dtMicribe  the  light  itself,  the  flame  which  emits  it,  the  glass  which  transmits  it, 
and  the  metal  which  reflects  it. 

By  maintaining  a  constant  source  of  heat  at  a  constant  distance  from  the  thermo- 
electric pile,  and  interposing  between  them  various  substances  in  succession,  Melloni 
was  able  to  determine,  on  the  one  hand,  the  influence  of  the  transmitting  substance  on 
the  quantity  of  heat  transmitted ;  and  by  placing  different  sources  of  heat  at  such 
distances  from  the  thermo-electric  pile  Uiat  each  caused  the  same  deflection  of  the 
galvanomf'ter,  and  interposing  the  same  substance  on  the  path  of  the  rays  frx>m  euch 
source,  he  was  able,  on  the  other  hand,  to  measure  the  influence  of  the  source  of  heat 
on  its  transmission.  The  following  tables  contain  the  results  of  a  large  number  of  ex- 
periments of  this  kind. 

The  four  sources  of  heat  employed  in  the  experiments,  the  results  of  which  are  given 
in  the  first  table,  were  ~  1st,  an  oil-lamp  (Locatelli's),  with  a  solid  square  wick  and 
without  chimney  ;  2nd,  a  spiral  of  platinum-wire  heated  to  incandescence  in  thefl  me 
of  a  spirit-lamp;  3rd,  a  plate  of  oopper  cov«  red  with  lampblack,  and  heated  to  about 
400^  by  the  flame  of  a  spirit-lamp  applied  to  the  back  of  it ;  4th,  a  cubical  copper  vesjiel 
coated  with  lampblack,  and  filled  with  water  at  100^.  The  next  table  gives  in  like 
manner  the  intensity  of  the  heat  of  an  Argand  oil-lamp,  provided  with  a  glass  chimney, 
after  passing  through  a  thickness  of  9*21  millimetres  of  certain  liquids,  enclosed 
between  plates  of  glass,  the  intensity  of  the  incident  heat  being  taken  as  100 : — 
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Trafumission  of  Sadiant  Heat  hy  Solids, 


SabfUnecf. 
to  a  common  thickoeu  of 
t^milUnMCret.) 


Rock-salt  (limpid) 
Sulphur  (Sicilian,  jellow)    . 
Fluor-Bptir  (limpid)     . 
Rock-salt  (translucent) 
Beryl  (grocnish-yellow) 
Fluor-spar  (greenish)  . 

^^\  (Umpid)  .        . 

If       1 

Rock-crystal  (limpid) . 
M        If  ,     (smoky). 
Potassic  bichromate  (orange) 
Topaz  (limpid)    . 
Carlx>nHte  of  lead  (limpid)  . 
Sulphate  of  barium  (translucent) 
Felspar  (adularia ;  translucent) 
Amethvst  (violet) 
Artificial  amber  (yellow)     . 
Beryl  (aquamarine ;  bluish-green) 
Agate  (yellow,  translucent) . 
Sodin  bonito  (translucent)   . 
Tourmaline  (dark-careen) 
Gum  (common;  yellowish)  . 
Heavy  spar  (veined,  translucent) 
Seleuite  (limpid) 
Citric  acid  (limpid)     . 
Ammonic  carbonate  (translucent  / 

streaked)      .        .        .         ( 
Potassio-sodic  tartrate  (limpid) 
Amber  f natural;  yellow)     . 
Alum  (limpid)    . 
Glue  (yellowish-brown)      • 
Sugarcandy  (limpid)   . 
Fluor  spar  (dark  ^rreen,  reined) 
Melted  sugar  (barley-sugar?  yel- } 

lowish)  .         .         .         ( 

Ice  (limpid)        .... 


FtrontaKeor  Hm  traniBtttod— 
ttom 


Locatelli't 
Ump. 


92-3 

74 

72 

65 

54 

46 
[39 
1 38 

39 
138 

38 

37 

34 

83 

32 

24 

23 

21 

21 

19 

19 

18 

18 

18 

17 

14 

11 

12 

11 
11 

9 

9 

8 

8 

7 
6 


IneiiiHlricent 
pl«tiDuro. 


92-3 
77 
69 
65 
28 
28 
28 
28 
24 
26 
28 
28 
28 
24 
23 
18 
19 

9 

5 
13 
12 
18 
16 

3 
11 

5 

2 


3 
5 
2 
2 
1 
6 


1 

0-5 


Copper 
at400P. 


92-3 
60 
42 
65 
13 
24 

6 

6 

6 

6 

6 

6 
16 

4 

4 

3 

6 

2 

0 

2 

2 

8 

3 

0 

3 

0 

0 


Copper 
at  lOO". 


92-8 
64 
33 
66 

0 
20 

0 

0 

0 

0 

3 

S 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

3 

0 

0 

0 

0 

TrofunUmon  of  Radiant  Heat  by  Liquids, 


Mamt  of  Liquid.    (  ThlckneM  of  stratum 
B  9-Sl  millimetrot.) 

Bisulphide  of  carbon  (colourless)  . 
Bichloride  of  sulphur  (dark  garnet-red) 
Phosphorous  chloride  (colourless) . 
Chloroform  (colourless) 

Nut-oil  (yellow) 

Oil  of  turpentine  (colourless) 
Oil  of  rosemary  ^colourless)  . 
Colza-oil  (yellow)  .  .  .  . 
Olivo-oil  (greenish-yellow)  . 
Rock-oil  (brownish-yellow)  . 
Balsam  of  copaiba  (yellowish-brown) 
Oil  of  lavender  (colourless)  . 
Poppy-oil  (yellowish-white) 


Perrratafe  of  Haat 
tmntinitled  ft'om 
Arfand  lamp  with 
glaM  chimnev. 

63 

63 

62 

87 

31 

31 

80 

80 

30 

28 

26 

26 

26 
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TVofumission  of  Radiant  Heat  hy  Liquids  (continued). 

PercenUge  of  Heat 
Name  of  Liquid.    (Thicknesi  of  ttratain  trangmitted  from 

B  9*S1  miUimetret.)  Argand  lamp  with 

glaai   ' 

Bectified  naphtha  (colourless) 

Ether  (pure ;  colourless) 

Sulphuric  acid  (pure ;  colourless)  .        • 

Nordhausen  sulphuric  acid  (brown) 

Solution  of  ammonia  (colourless)  . 

Concentrated  nitric  acid  (colourless)     • 

Absolute  alcohol  (colourless) 

Hydrate  of  potassium  (colourless) 

Bectified  acetic  acid  (colourless)    . 

Pyroligneous  acid  (brown)    . 

Solution  of  sugar  (concentrated,  colourless) 

Solution  of  rock-salt  (colourless)  . 

Solution  of  alum  (colourless) 

White  of  egg  (yellowish-white)     . 

Distilled  water 


chimoejr. 

26 
21 
17 
17 
15 
15 
16 
13 
12 
12 
12 
12 
12 
11 
11 


The  following  short  table  gives  the  quantities  of  heat  transmitted  through  a  layer  of 
water  50  millimetres  in  thic^ess,  contained  between  highly  polished  plates  of  glass, 
according  to  the  experiments  of  De  la  Provostaye  and  Desains  (Ann.  Ch.  Fhys. 
[3]  XXX.  286).  These  results  illustrate  very  well  the  influence  which  the  source  of 
heat  exerts  upon  the  relative  proportion  in  which  it  is  able  to  pass  through  the  same 
medium.  The  numbers  of  this  table  represent  the  intensity  of  the  heat  transmitted 
from  each  source,  the  intensity  of  the  incident  heat  being  in  each  case  taken  aa 
«  100:— 

Transmission  of  Radiant  Heat  throvyh  Wattr 

Source  of  Heat.  Percentate 

tnuumltted. 

The  Sun.    Solar  rays  which  had  already  passed  through  52  centi- 
metres of  water 92 

The  Sun.     Total  Solar  radiation 58 

Argand  lamp.     Bays  which  had  already  passed  through  a  lens 

and  10  centimetres  of  water 51 

Electric  light  (carbon  points) 23  to  24 

Lime  made  incandescent  in  the  flame  of  ether  fed  with  oxygen  .  20 
The  Sun.      Invisible   rays  from  a  part  of   the  spectrum  as 
far  beyond  the  red  as  tlie  distance  between  red  and  the  limits 

of  the  green  and  blue 14 

Locatelli  or  Argand  lamp  with  chimney    .....  10 

Flame  of  alcohol  saturated  with  chloride  of  sodium   .         .        •  2  to  3 

The  Sun.     Invisible  rays  still  less  refrangible  than  the  above  •  0* 

After  the  explanations  that  have  been  already  given,  the  resulta  recorded  in  the 
above  tables  do  not  call  for  much  further  discussion.  We  must,  however,  direct 
attention  to  the  remarkable  properties  of  rock-salt  in  relation  to  radiant  heat.  It  will 
be  seen  that,  according  to  MeUoni*s  experiments,  a  plate  of  clear  colourless  rock- 
salt  transmits  thelsame  proportion  (92*3  per  cent)  of  the  heat  which  falls  upon  it,  from 
whatever  source.  Hence  Melloni  concluded  that  rock-salt  exerts  no  absorbing  power 
whatever  on  heat -rays  of  any  kind,  or  that  it  is  in  fact  perfectly  diathermic  and  ather- 
mochroic.  The  7*7  per  cent,  by  which  the  intensity  of  the  incident  rays  is  diminished 
by  passing  through  a  plate  of  rock-salt,  Melloni  attributed  to  the  effect  of  reflection 
at  the  surfaces  of  entrance  and  exit,  not  to  absorption  within  the  substance  of  the 
plate ;  for  if  this  loss  were  due  in  whole  or  in  part  to  absorption,  its  amount  could 
hardly  have  been  the  same  for  heat  from  sources  so  greatly  differing  in  temperature. 
This  conclusion  is  supported  by  the  further  observation  of  Melloni,  that  the  quantity  of 
heat  transmitted  by  perfectly  clear  and  transparent  rock-salt  is  independent  of  its 
thickness,  being  always  92*3  per  cent  of  the  neat  incident  upon  it ;  whereas  if  two 
plates  of  rock-salt  are  used  instead  of  one,  in  which  case  the  number  of  reflecting 

92*3         92*3 

surfaces  is  doubled,  the  percentage  of  heat  transmitted  is  deduced  to  x    » 

*^  *  100  100 

85*2.    According,  however,  to  the  more  recent  experiments  of  Dela  Provostaye 

and  Desains  (Compt  rend,  xxxvi.  84,  1073),  as  well  as  of  Tyndall  (Phil.  Mag.  [4] 

zxviii.  532),  rock-salt  does  exert  a  sHght  but  perceptible  absorbent  action  upon  rays  from 
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Boturoes  of  low  temp«nitiire,  and  an  experiment  of  Stewart'a  baa  been  alreadj 
nientiontid  (p.  60)  vhich  shows  it  to  be  opaque  to  a  great  extent  for  raja  emitted  bj 
rock-salt 

In  the  case  of  all  other  substances  except  rock-salt,  the  thickness  of  the  traoamitting 
stratum,  as  well  as  the  nature  of  the  source  of  heat,  has  a  great  influence  on  the 
amount  of  heat  transmitted.  The  effect  of  variations  of  thickness  was  made  hy 
Mellon i  the  subject  of  an  extended  experimental  investigation,  but,  before  giring  the 
numerical  results  arrived  at  by  him,  it  will  be  well  to  explain  the  theoretiml  investi- 
gation of  the  same  subject  by  Biot  {Mem.  de  rAcadem,  des  Sciences,  xiv.  466.— > 
Dagui  n's  Traiti  tiimentaire de  Phffsique^  ii.  62).  Suppose  a  peucil  of  rays  of  sensibly 
the  same  wave-length  to  fall  perpendicularly  upon  a  plate  of  some  diathermic  substance 
and  let  the  intensity  of  tlie  p<>ncil  be  represented  by  I,  the  reflecting  power  of  the 
surface  of  the  plate  by  r,  and  the  thickness  of  the  plate  by  e.  Then  a  pencil  of  the 
intensitv  Ir  wul  be  reflected  at  the  flrst  surface,  and  the  intensity  of  the  pencil  which 
enters  toe  plate  will  be  I  (1  —  r).  Of  this,  a  certain  proportion  will  undergo  absorption 
while  traversing  the  plate,  the  amount  of  absorption  being  some  function/ (^)  of  the 
thickness,  which  has  to  be  determined.  The  quantity  of  heat  which  arrives  at  the 
second  surface  will  therefore  be  I  (1  —  r)f(e\  Here  a  second  reflection  will  take 
place,  whereby  a  fraction  r'  of  this  heat  will  be  kept  back,  and  the  quantity  which 
ibsues  from  the  plate  will  consequently  be 

I(l-r)(l-r')/W- 
If  a  second  plate  of  the  same  substance,  having  the  thickness  e\  be  placed  in  the  path 
of  the  pencil  emergent  from  the  flrst  plate,  the  intensity  of  the  heat  which  isanea  SRan 
the  second  plate  wHL  be  found,  by  reasoning  similar  to  the  above,  to  be 

.•- 1  (i-i-yo-ry/ («)/(«'). 

Now  let  the  same  original  pencil  pass  through  a  single  plate,  still  of  the  same  substanesb 
but  of  the  thickness  «  +  ^ ;  the  intensity  of  the  emeigent  pencil  will  bo  found  as  above, 
to  be 

Bat  it  is  found  by  experiment  that  i  =  t"  (1  —  r)  (1  —  r'\  that  is  to  say.  that  the  loss 
by  absorption  is  the  same  for  the  same  thickness  of  substance,  whether  this  is  disposed 
in  two  plates  or  united  into  one,  the  factor  (1  —  r)  (1  -  r')  representing  the  additional 
loss  by  reflection  in  the  former  case.    Hence  we  have 

which  can  only  hold  good  if/  (e)  »  a*,  where  a  iH  a  constant  dependent  on  the  nature 
ofthesubstanceandon  that  of  the  incident  rays,  sothat/(e')  .f{e')  —  a* ,  cf^  «■  a*-f  «^. 
Consequently,  the  expression  for  the  quantity  of  heat  which  passes  through  a  plate  of 
the  thickness  e  ia 

I  (1  -  r)  (1  _  r')  0*. 

which  shows  that  the  intensity  of  the  transmitted  heat  varies  according  to  a  geometried 
pro^fressionwhen  the  thicJkness  of  the  plate  increases  in  an  arithmttical  propressicm.  The 
ratio,  a,  of  the  former  progression,  which  depends  as  we  have  said  on  the  nature  of  the 
plate  and  of  the  incident  heat,  is  called  the  coefficient  of  transmission  of  the  anbataaee 
of  which  the  plate  is  made,  for  the  particular  kind  of  heat  in  question ;  it  repreaenta  the 
quantitv  of  heat  transmitted  through  a  thickness  of  1  millimetre. 

It  follows  also  from  the  above  considerations,  that  the  quantities  of  heat  abeorbed  by 
successive  layers  of  equal  thickness  of  the  same  substance  likewise  form  a  diminishing 
geometrical  progression ;  for,  calling  the  intensity  of  the  heat  which  penetrates  the  flnt 
surface  of  the  substance  T,  we  get,  for  the  quantities  transmitted  and  absorbed  hj 
successive  layers  of  the  same  thickness,  the  following  expressions : — 


By  the  >7r«^  layer 
By  the  second  }ajet 
By  the  third  layer  . 

By  the  n*^  layer 


Transmuted. 

.  Va 
IV 
IV 

Tan 


V 

I'fl 

I'a« 

la" 


Absorbed. 

-  Va     -  I'(l  -  fl) 

-  I'fl«    -  Va  .  (1  -  «) 

-  IV    -  I'a«.(l  -«) 


■»-ra-     «I'a^».(I-«) 

If  the  incident  pencil  consists  of  rays  of  various  wave-lengths,  having  the  raspective 
intonaities  I,  Ii,  Ig,  .  .  .  .  and  if  the  coefficients  of  transmission  of  the  diataenme 
plate  for  these  various  rays  arc  respectively  a,  Ai,  a^,  .  .  .  .  the  intensity  of  the  pencil 
on  emerging  from  a  plate  of  the  thickness  e  will  be  the  sum  of  the  intensities  cf  tha 
my  8  of  each  several  wave-length,  and  will  therefore  be  represented  by — 

(1  -  r)  (I  -  O  (la'  +  I,  a»«,  +  I,<7,«  + ). 

llnnco  it  is  evident  that  the  composition  or  thermochrofeof  the  emei^nt  pencil  will  not 
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be  th«  iaai*  u  that  of  the  inndent  p«ncil  nicopt  irhm  the  EoeSlciBBts  a  a.  a  tci 
•re  nil  equal.  We  lUll  are  immpdialclj  th»t  each  of  theae  deduction  from  tleor 
U  full;  cunflrmed  bj  expfriment. 

Til*  reaulls  of  Melioni'seiperiroenU  on  the  Irenmiisiion  of  he»t  through  lijep 
of  »«rjiiig  thJckDCM  bk  collected  iu  the  foUowiag  table  :— 

TVannHittion  »/  Radiant  Heat  throagi  layeri  0/  tariom  Thieinutta. 


B7  enbtrafting  the  ^nantitj  of  hrat  transmitted  b^  a  layer  of  n  miUimetree  in  lliick* 
neaa  from  that  truaamitted  by  a  layer  of  n  ~  1  millimi-tRii.  ire  obtaiD  the  qusDlity  uf 
heat  ai*wi«(  by  then"  etratum  of  I  millimetre  thick.  Thus,  for  inBtance,  for  tha 
BteorptioQ  of  the  heat  of  a  LocHtelli's  lamp  bj  ancceiaiTe  etnita  of  water,  1  millimetr* 
in  thicknm,  we  obtain  the  followiiig  lesults : — 

Nomber  of  each  strstam        .         .  1  S         3         4         C         S         T         8 

QuantJt;  of  heat  abaorbed     .  807    £'i      2*S       1'4      0*9      O'S      OA      02 

H««  the  diminution  of  absorplion  in  ■occesaiTB  etratii  of  the  same  thickneae  ii 
very  appnrent,  but  the  ratio  of  the  absorption  of  a  given  atmtnm  to  the  abeorption  of 
the  previouB  one  is  bv  no  mtana  omatant.  as.  according  Ui  the  foregoing  diecumion, 
nnat  be  the  case  for  fiumogeneouB  heaL  TbeMaeon  of  thi*  ia,  that  the  heat  employed 
in  the  eiperimrnta  vai  far  from  homogfoeoiu,  but  cooaiBted  in  part  of  Tisible  and  in 
part  of  inrisible  pajB,  end  each  of  these  portions  contained  nyi  differing  greatly  from 
one  nnolher  in  waT«-length.  Consequently,  the  coefficient  of  transmiwion  ol  water  for 
»isiKle  raja  being  nearly  equal  to  unity,  but  very  much  leea  forinviaible  rays, the  different 
component  pnrfs  of  the  hmt  underwent  unequal  abeorption,  and  hence  the  quality  of  tha 
heat  which  arri>'ed  at  each  strnlnm  whb  different  frnm  that  of  the  heat  which  uriTed  at 
the  preceding  and  the  snceeeding  slrala.  When,  howerer,  homopeneona  heat  is  used, 
the  abeorptioa  in  succeaaiTe  cqaal  strata  of  the  same  material  lakes  place  according  to 
a  regularly  decteaeiog  geometrical  Beries.  Thia  is  clearly  shown  in  the  following  ei- 
perimenle  by  MaBSon  and  Jamin  (Wiillner'a  L/krbtich  der  Exptrimtntalp/ti/tii 
u.  336).  The  conatitaent  raya  of  a  beam  of  solar  heal  were  sepnrated  from  each  other 
by  means  of  a  rock-aalt  priam,  and  ■  portion  of  the  yellow  rays  of  the  spectrum  so 
pmdnced  was  allowed  to  fall  upon  one,  two,  or  three  piecea  of  the  same  yellow  glass 
of  eqaal  thickneas.  und  the  intensity  of  the  emergent  rays  was  meaaured  in  each  caae, 
Bepreaenting  the  thickness  of  each  piece  of  ^laas  by  e.  and  ilA  coeffideni  of  tranamiaaiaa 
for  the  rays  in  question  by  0,  we  find  the  following  laluea  ; — 

For  the  heat  franiDiitteil  by  I  piece  of  yellow  glass  =  A,  =  I  {1  —  r)  (1  — r")  a*, 
For  tbeheattmnsmittedby  2  pieces  of  yellow  glass  =  A,  -  1(1  -  r)' ( 1  —  r')' a", 
For  (be  beat  Iranamitted  by  3  pieces  of  yellow  glass  »  A,  -  I  (I  —  r)' (1  —  r")"  «^. 
The  same  beam  of  yellow  rays  was  next  allowed  to  fall  npon  one,  two,  or  three  thick- 
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nesMfl  of  clear  colourlen  glas^i,  whose  coefBcient  of  transmiMioii  ma  nemAj  ^joal  tA 
unity,  and  the  intensity  of  the  heat  transmitted  in  each  case  was  determined.  Calling 
these  quantities  of  heat  respectively  B^,  B,,  and  B3,  we  hare^ 

Bi  -l(l-r)  (I-0;B, -I(l-r)«(l-.f')«,aDdB3  =  I  (l-r)»  (l-r^; 

and  consequently  ~l  =  c^;  ^  ■.  a**;    and-^'  —  a**. 

Bj  Bg  B3 

The  coefficients  of  transmission  for  one,  two,  and  three  thicknesses  of  yellow  glftfls  wcm 
thus  found,  independently  of  the  effects  of  reflection  at  the  surfaces.  The  square-root  of 
the  second  and  the  cube-root  of  the  third  ought  obriously  to  be  equal  to  the  firsts  if  the 
calculation  was  made  with  perfect  strictness,  and  the  following  numerical  VMulta  ahov 
that  such  was  nearly  the  case : — 

•         Number  of 

PUtet  of  Glut.  Heat  tranimlttcd.  m», 

1  a*    -  0-497  0-497 

2  a*«  -  0-2007  0468 

3  0**  -   0094  0-466 


The  gradual  decrease  in  the  value  of  a«  is  to  be  attributed  to  the  coefficient  of 
mission  for  colourless  glass  having  been  taken  as  exactly  equal  to  unity,  whereas  ia 
reality  it  is  only  nearly  so. 

The  following uble,  taken  from  Melloni  (Thermochroae,  p.  227),  illustrates  on  tha 
other  hand,  the  change  of  quality  which  a  pencil  of  non-homogeneous  radiant  heat 
undergoes  on  passing  through  diathermic  substances.  The  numbers  in  the  table  repre* 
sent  the  intensities  of  the  transmitted  pencils  compared  to  that  of  the  incident  pencil 
taken  as  100.  The  original  source  of  heat  was  a  IxxMtelli*s  lamp,  and  the  thick- 
ness of  the  plates,  except  where  otherwise  states],  was  2'6  millimetres : — 

Transmission  of  Radiant  Heat  through  7\ro  Media, 


Percentage  transmitted  of  the  heat  of  a  LocateIli*a  lamp 

SubstancM  InterpoMd. 

Direct 
radiation. 

after  patting  through 

a  plate  of 

flaca 
(l-asma. 

Rock.iaIt. 

Alum. 

Potaisicbl- 
chromate. 

Gjpium. 

thfc*), 

Rock-salt    . 

92-3 

92-3 

92-3 

92-3 

92-8 

92-8 

Fluor-spar  . 

78 

78 

90 

88 

91 

91 

Beryl. 

54 

53 

80 

66 

91 

67 

Iceland  spar 

39 

40 

91 

56 

89 

66 

Glass  (0*5  mm.  thick)  . 

54 

54 

90 

68 

85 

80 

Glass  (8  mm.  thick)    . 

34 

33 

90 

47 

82 

46 

Rock-crystal 

38 

39 

91 

52 

85 

64 

Potassio  bichromate    . 

34 

33 

57 

71 

53 

24 

Sulphate  of  barium     . 

24 

25 

86 

25 

47 

67 

White  agate 

23 

23 

70 

^0 

78 

17 

Felspar  (adularia) 

23 

22 

23 

43 

58 

28 

Yellow  amber     . 

21 

20 

65 

20 

61 

8 

Opaque    black    glass 
(1-8  mm.  thick) 

16 
1 

16 

0 

14 

18 

62 

Opaque     black    mica 

{0-9  mm.  thick) 
Yellow  a^te 

1  20 

20 

0 

16 

12 

48 

19 

19 

57 

24 

64 

14 

Aquamanna 

19 

18 

60 

26 

57 

21 

Borax 

18 

18 

23 

23 

33 

24 

Ghreen  tourmaline 

18 

17 

1 

14 

10 

80 

Common  gum 

18 

18 

61 

12 

52 

4 

Gypsum 

14 

14 

59 

22 

54 

16 

Gypsum  ( 12  mm.  thick) 

10 

10 

56 

17 

45 

0-6 

Carbonate   of   ammo- 

• 

1" 

12 

44 

11 

34 

6 

nmm 

Citric  acid  . 

11 

10 

88 

16 

52 

2 

Potassio-sodic  tartrate 

11 

11 

85 

15 

60 

1 

Alum 

9 

9 

90 

15 

47 

0 

It  will  be  observed  that,  of  the  five  substances  through  which  the  heat  of  the  lamp 
tras  caused  to  pass  in  these  experiments,  rock-salt  is  the  only  one  which  did  not 
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materially  alter  it«  properties;  all  the  other  substances  haying  strongly  marked 
thermochroic  characters,  or  transmitting  rays  of  different  ware-lengths  with  very  unequal 
facility  (as  may  be  seen  from  the  table  on  page  62),  emit  heat  of  decidedly  different 
composition  £rom  that  which  falls  upon  them.  Two  of  these  sulistances  indeed,  alum 
and  black  glass,  are  to  a  great  extent  of  opposite  thermochroic  properties :  of  the  heat 
emergent  from  the  plate  of  alum,  90  per  cent,  was  able  to  pass  through  a  second 
plate  of  the  same  material,  but  none  of  it  was  able  to  pass  through  a  plate  of 
black  glass ;  while  of  the  heat  emergent  from  the  latter  body,  62  per  cent,  was  trans- 
mitted by  a  second  plate  of  the  same  kind,  but  none  at  all  was  transmitted  by  a  plate 
of  alum.  Alum,  although  almost  perfectly  transparent  for  visible  rays,  is  in  very 
moderate  thicknesses  completely  opaque  for  the  invisible  heat-rays ;  hence,  as  shown  by 
the  table  on  page  62,  it  completely  intercepts  the  heat  radiated  by  sources  at  tem- 
peratures below  visible  redness.  In  this  property  alum  dasely  resembles  ice,  and  it 
probably  owes  it  in  great  measure  to  the  large  proportion  of  solidified  water  (of  ciys- 
tallisation)  which  it  contains.  Black  glass,  on  the  other  hand,  is  very  opaque  for 
visible  rays,  and  relatively  transparent  for  invisible  rays.  Hence,  to  some  extent,  it 
filters  off  the  visible  rays,  and  allows  heat  richer  in  rays  of  great  wave-length  to  pass. 
This  effect,  however,  is  produced  much  more  completely  by  blackened  rock-salt,  or 
better  still,  as  Tynd  all  has  shown  (Phil.  Mag.  [4]  xxviii.  333),  by  a  solution  of  iodine 
in  bisulphide  of  carbon.  Such  a  solution,  though  perfectly  opaque  for  luminous  rays, 
does  not  absorb  any  appreciable  quantity  of  the  rays  of  greater  wave-length.  Hence, 
by  placing  a  cell  filled  with  this  liquid  on  the  path  of  a  beam  of  rays  from  a  powerful 
electric  lamp,  Tyndall  has  succeeded  in  cutting  off  completely  the  luminous  rays,  and 
obtaining  a  beam  of  invisible  heat-rays  of  very  much  greater  intensity  thai  has  ever 
been  obtained  in  any  other  way. 

By  comparing  the  absorbing  and  transmitting  powers  of  various  substances  in  the 
liquid  and  vaporous  states,  Tyndall  has  arrived  at  the  important  conclusion  that  the 
numbers  by' which  these  properties  are  measured  are  to  each  other  in  the  same  relative 
proportion  iii  the  case  of  vapours,  as  in  the  case  of  the  liquids  from  which  those  vapours 
are  formed  (Phil.  Mag.  [4]  xxviii.  461).  The  following  tables  contain  some  of  the 
results  on  which  this  conclusion  is  founded ;  the  numbers  express  the  percentage  of 
the  incident  heat  abaarbed,  the  source  of  heat  being  a  platinum  wire  heated  by  an 
electric  current : — 

Absorption  of  Radiant  Heat  by  Liquids. 


Liquid. 

ThicknetB  of  liquid  in  parU  of  an  inch. 

0>09                  004 

007        1 

0-27 

Sulphide  of  carbon  . 
Chloroform 
Methylic  iodide 
Ethyiic  iodide  . 
Benzene  . 
Amylene  . 
Ether 

Ethyiic  acetate 
Ethyiic  formate 
Alcohol    .        • 
Water      . 

6-6 

16-6 
861 
38-2 
43-4 
68-3 
63-3 

'66-2 
67-3 
807 

8-4 
260 
46-6 
607 
667 
66-2 
73-6 
740 
76-3 
78-6 
.861 

12-6 
360 
632 
690 
62-6 
736 
761 
780 
790 
83-6 
88-8 

16-2 
400 
66-2 
690 
71-6 
777 
78-6 
82-0 
840 
86-3 
91-8 

17-3 
44-8 
68-6 
71-6 
73-6 
82-3 
862 
86-1 
870 
891 
91-0 

Absorption  of  Radiant  Heat  by  Vapours. 


PUtinmn  ipiral. 

Nameof  Vapoar. 

Barely 

vititUe. 

Brightly 

Whiu 

Near 

red-hot 

hoc. 

flision. 

'  Sulphide  of  carbon     • 

6-6 

47 

2-9 

2-6 

Chloroform         •        •        . 

91 

6-3 

6-6 

3-9 

Methylic  iodide  . 

12-6 

9-6 

7-8 

EUiylic  iodide    , 

210 

177 

128 

Benzene     • 

26-3 

20-6 

166 

Amylene    .        . 

86-8 

27-6 

227 

Ether 

43*4 

31-4 

269 

23-7 

Ethyiic  formate  . 

46-2 

3  -9 

261 

21-3 

Ethyiic  acetate   . 

496 

34-6 

27-2 

F  2 
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That  the  quality  of  the  abflorption  of  the  same  substance  may  remain  eonstant,  im4» 
withstanding  great  changes  of  physical  condition,  is  proved  by  the  obserration  of 
Bun  sen  (Ann.  Ch.  Pharm.  cxxxi.  255),  that  phosphate  of  didymium  in  a  0fat«  of 
igneous  fusion  shows  the  same  absorption -band  in  the  yellow  as  that  which  chaJMCCeriaei 
didymium-salts  in  aqueous  nolution.    (See  ii.  322.) 

From  the  great  absorbing  power  of  water,  as  shown  in  the  first  of  the  abore  tablet, 
and  from  the  general  correspondence  which  is  apparent  between  the  absurbins  power* 
of  liquids  and  their  vapours,  it  appears  probable  that  aqueous  vapour  woola  hare  a 
relatively  high  absorbing  power.  This  view  is  taken  by  Tyndall,  and  is  supported 
by  the  results  of  a  great  number  and  great  variety  of  apparently  conclusive  experiments, 
from  which  he  infers  that,  "  weight  for  weight,  aqueous  vapour  transcends  all  others 
in  absorptive  power."  It  is,  however,  proper  to  add  that  Magnus,  who  has  also  devoted 
a  great  deal  of  attention  to  the  same  point,  diflFers  widely  from  Tyndall  in  his  esti- 
mate of  the  absorptive  power  of  aqueous  vapour,  regarding  it  as  very  much  lower ;  and 
so  long  an  the  ttource  of  the  divei^once  in  the  resultsof  these  two  experimenters  remains 
unexplained,  the  question  between  them  cannot  be  considered  as  decided. 

The  transmipsion  of  radiant  heat  through  permanent  gases  has  also  been  investigated 
by  Tyndall.  who  has  found  that  these  sulistances  differ  very  greatly  in  their  power  of 
absorbing  heat  from  sources  of  low  temperature.  The  following  table  gives  the  reUtiTS 
absorbing  powers  found  by  him  for  a  column  32  inches  long  of  several  gases,  under  a 
pressure  of  760  millimetres,  for  the  heat  radiated  from  a  pUte  of  copper  heated  bj  a 
Bunsen's  gas-lamp : — 


Kame  of  gaf. 

Air. 

Oxygen  . 
Nitrogen . 
Hydrogen 


Abcorptfon. 
(Thatofair-al) 


1 
1 
1 
1 


AbanrDtloti 

Name  of  gai. 

(TfaatofairaB 

Carbonic  anhydride 

90 

Nitrous  oxide 

355 

Marsh-gas    . 

403 

Sulphurous  anhydride  . 

710 

Ethylene 

970 

Ammonia     . 

1195 

i) 


Chlorine  .....     39 
Hydrochloric  acid    .        .        .62 

When  the  same  gases  are  compared  in  shorter  columns,  or  under  lower  pressures, 
the  difference  in  their  relative  absorbing  powers  becomes  even  more  stiikiiigly 
evident. 

There  is  one  other  circumstance,  besides  the  nature  of  the  medium  and  the  wave- 
length of  the  rays,  which  affects  the  transmission  of  radiant  heat  This  is  the  ampU^ 
tilde  of  the  vibrations,  or  the  intensity  of  individual  rays.  It  has  been  already  sliced 
(p.  54)  that,  as  the  temperature  of  a  radiating  body  is  raise<l,  it  gives  out  rays  of 
smaller  and  smaller  wave-length,  but  that  the  amplitude  of  the  morn  slowly  Tibnting 
rays,  which  it  gare  out  at  first,  is  increased  at  the  same  time.  This  is  veiy  distinctlT 
proved  by  some  experiments  of  Tyndall  (Phil.  Mag.  [4]  xxviii.  334),  from  which  ifc 
appears  that  the  intensity  of  the  invisible  radiation  (capable  of  passing  through  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon)  of  a  spiral  of  platinum-wire  may  bo 
increased  four-hundredfold  by  raising  the  temperature  of  the  wire  from  adark  heat  to 
a  dazzling  white  heat.  Hence  the  non-luminous  rays  of  luminous  sources  are  not>  in 
all  respects,  equivalent  to  the  rays  of  the  same  wave-length  from  non-luminous  sonroes; 
and  Tyndall  accordingly  found  that  20  per  cent,  of  the  non-luminous  rays  of  the 
electric  lamp  passed  through  a  layer  of  concentrated  solution  of  alum  more  than  an 
inch  thick,  although  alum  and  its  solution,  oven  in  much  thinner  layers,  are  qnits 
opaque  for  the  same  rays  emitted  from  sources  of  lower  temperature. 

The  temperature  of  the  medium  has  not  been  clearly  i>roved  to  exert  any  inflnenev 
on  the  transmission  of  radiant  heat.  According  to  Wilhelmy  (Ann.  Ch.  Phys.  [3] 
xlvii.  206),  glass  transmits  the  rays  of  an  Argand  lamp  more  abundantly  when  hot  than 
when  cold;  but  De  la  Provostaye  and  Desains  failed  to  detect  any  difference  in 
the  transmission  of  rock-salt  or  glass  at  ordinary  temperatures,  or  at  150^.  (Dasnin. 
TraiU  de  Physique,  u.  b2.) 

Conduction. 

If  one  part  of  a  material  body  is  at  a  higher  temperature  than  the  rest,  the  hiflfa 
temperature  of  this  part  can  be  maintained,  and  the  temperature  of  other  parts  can  bo 
prevented  from  rising,  only  by  the  action  of  external  causes.  If  the  body  is  left  to  itseli; 
it  will  sooner  or  later  acquire  a  uniform  temperature  throughout,  the  hot  psrt  losing 
heat  and  the  colder  parts  gaining  heat.  This  tendency  towards  equalisationiv 
temperature  throughout  any  continuous  portion  of  matter,  manifests  itself  in  the  phe- 
nomena of  conduction  of  heat,  the  property  of  bodies  which  ib  known  as  their  eon* 
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ducting  power  or  condnctiTity  being  the  rapidity  with  which  this  equalisation 
ii  effected  under  certain  specified  conditions.  The  different  degrees  of  this  property 
in  different  bodies,  as  exhibited  by  the  various  lengths  of  time  during  which  equal 
differences  of  temperature  can  be  maintained  between  equally  distant  parts,  are  so 
striking  and  familiar  that  there  is  no  need  to  draw  attention  to  the  mere  fact  of  their 
existence. 

The  laws  of  the  conduction  of  heat  have  been  inrestigated  in  relation  to  the  two 
cases  of  conduction  through  a  plate  or  wall  with  parallel  surfaces,  and  of  practically 
unlimited  area,  and  of  conduction  in  a  prismatic  or  cylindrical  bar.  For  these  two 
cases  the  connection  of  conducting  power  with  the  distribution  of  temperatures  has  been 
inrestigated  mathematically,  especially  by  Fourier  {Thiorie  anaJytique  de  la  ChnUur, 
Paris,  1822)  and  Poisson  (7%eoHe  math&matique  de  la  Chaleur,  Paris,  1835),  but 
we  cannot  attempt  to  do  more  here  than  to  give  the  principal  results  that  have  been 
arrirerl  at  experimentally. 

The  coefficient  of  conductivity  of  a  substance  is  defined  as  the  quantity  of 
heat  which  passes  in  a  unit  of  time  through  a  plate  of  that  substance  of  unit  thickness 
and  unit  area,  whose  surfaces  are  maintained  at  constant  temperatures  differing  from 
one  another  by  one  degree.  This  coefficient  has  been  measured  experimentally  by  three 
processes,  which  differ  from  each  other  in  principle  as  well  as  in  the  manner  in  which 
they  have  been  carried  out.  The  most  direct  process  is  that  adopted  by  Pec  let  (Ann. 
Ch.  Phys.  [3]  ii.  107),  which  consisted  in  measuring  the  time  required  for  a  given 
quantity  of  heat  to  pass  through  plates  of  different  materials  of  definite  thickness,  the 
two  surfaces  being  maintained  at  known  constant  temperatures.  The  last  condition 
was  attained  by  keeping  the  two  sides  of  the  plate  bathed  with  water,  which,  however,  it 
was  found  needful  to  agitate  very  briskly,  in  order  to  make  sure  that  the  film  of  water 
in  actual  contact  with  the  plate  was  of  the  same  temperature  as  the  remainder.  When 
the  water  at  one  side  of  the  plate  was  at  25°  C,  and  that  at  the  other  side  at  the 
temperature  of  the  air,  the  times  required  for  the  same  elevation  of  temperature  to  be 
proauced  in  the  water  at  the  cooler  side,  with  plates  of  lead  of  20  mm.  and  15  mm. 
thickness,  were  500  and  380  seconds  respectively,  or  very  nearly  proportional  to  the 
thicknesses  of  the  plates  (20  :  15  «  500  :  375).  From  experiments  of  this  kind, 
Peclet  calculated  the  number  3*84  for  the  coefficient  of  conductivity  of  lead,  expressing 
thereby  the  number  of  kilogramme-water-degrees  of  heat  which  pass  through  a  plate 
of  lead  1  millimetre  thick,  and  1  square-metre  in  superficial  area,  m  1  second,  when  a 
constant  difference  of  temperature  of  1°  C.  is  maintained  between  the  two  surfaces.  For 
icientific  purposes,  it  is  commonly  more  convenient  to  express  conducting  powers  in 
gramme-water-degrees,  per  second,  per  centimetre  of  thickness,  per  square-centimetre 
of  surface ;  the  numerical  value  of  coefficients  expressed  upon  the  scale  is,  however,  the 
same  as  when  they  are  referred  to  Peclet's  unit 

By  a  method  essentially  similar  in  principle,  but  different  in  the  manner  of  its 
execution,  Lucien  De  la  Rive  (Ann.  Ch.  Phvs.  [4]  i.  504)  has  found  for  the 
conducting  power  of  glass  the  number  0*13,  and  by  a  comparative  method  he  ascer- 
tained the  conducting  power  of  ice  to  be  1*75  times  that  of  glass :  hence,  in  the  same 
units,  the  coefficient  of  conductivity  of  ice  is  expressed  by  the  number  0*23. 

Calvert  and  Johnson  (Phil.  Trans.  1858;  Proc.  Roy.  8oc.  ix.  169)  have  also 
made  experiments  in  order  to  determine  in  a  similar  manner  the  conductivities  of 
several  metals  and  alloys ;  but  their  method  was  not  such  as  to  make  their  numerical 
lesults  of  great  value. 

When  once  the  coefficient  of  conductivity  of  a  substance  is  known,  the  quantity  of 
heat  Q,  which  passes  through  a  layer  of  the  substance  of  the  thickness  e  and  area  «,  in 
the  time  T,  when  its  two  surfaces  are  kept  at  the  constant  temperatures  t^  and  t'^ 
•upposing  that  these  temperatures  have  been  maintained  unaltered  long  enough  for  the 
body  to  have  arrived  at  a  stationary  condition  of  temperature  throughout  its  whole 
thickness,  and  that  none  of  the  heat  which  enters  the  first  surface  escapes  elsewhere 
than  at  the  opposite  surfeice,  may  be  expressed  by  the  following  formula : — 

Q^ks.Lzl.T!,...{l) 

s 

wheie  k  stands  for  the  co^cient  in  question.    Calling  ^ ,  or  the  quantity  of  heat 

which  passes  in  a  unit  of  time,  the  strength  of  the  thermal  current  *  S,  and  J^  the 

thermal  resistance  of  the  substance,  the  above  formula  may  be  written  S  b  JZ~  * 

B 

in  which  form  it  is  seen  to  be  exactly  analogous  to  Ohm's  formula  for  the  strength  of 
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temperature  of  the  heated  end  has  been  kept  np  long  enongh  for  the  temperature  at 
every  other  point  to  have  become  invariable.  Experiments  of  this  kind  were  made  by 
Rum  ford,  who  placed  one  end  of  an  iron  bar  in  boiling  water  and  surrounded  the  other  ^ 
with  ice  ;  and  observed  its  temperature  at  three  points,  equidistant  from  each  other, 
and  from  the  two  ends,  by  liieans  of  three  delicate  thermometers  inserted  in  holes 
bored  in  the  side  of  the  bar,  and  filled  up  with  mercury  to  redder  the  indication  of  the 
temperature  more  exact.  More  extensive  determinations  were  made  in  the  same  way 
by  Biot  and  afterwards  bv  Despretz  (Ann.  Ch.  Phys.  [2]  xix.  97 ;  xrxvi  422)  and 
G  o  u  i  1 1  a  ud  {ibid.  [3]  xlviii.  47).  From  these  experiments  it  results  that  the  temperatures 
of  successive  strata  of  a  uniform  bar  heated  at  one  end  decrease  in  geometrical  prO' 
greswm  when  the  distances  from  the  source  increase  in  arithmetical  progression.  From 
the  ratios  of  the  progression  for  various  substances,  the  ratios  of  their  coefficients  of 
internal  conductivity  could  be  calculated,  when  the  coefficients  of  external  conductivity 
were  made  the  same  for  all,  by  giving  to  each  substance  the  same  condition  of  surface, 
and  making  the  external  medium  also  the  same.  But  when  bars  of  considerable- 
section  are  used,  the  interior  of  each  cross-section  must  necessarily  be  at  a  sensibly 
higher  temperature  than  the  sides,  and  the  holes  bored  for  the  insertion  of  the  thermo- 
meters must  also  have  affected  the  results.  Hence  Langberg  (Pogg.  Ann.  Ixvi.  1 ; 
Ann.  Ch.  Pharm.  Ivi.  189)  experimented  upon  various  metals  in  the  form  of  wire,  de- 
termining their  temperatures  at  different  points  by  means  of  a  small  thermo-electric  pile 
applied  in  contact  with  them.  This  method  of  experimenting  was  afterwards  improved 
b^  Wiedemann  and  Franz  (Pogg.  Ann.  Ixxxix.  497),  who  made  by  it  the  most  exten- 
sive and,  there  is  little  doubt,  the  most  accurate  series  of  observations  on  the  relative 
conducting  powers  of  various  metals  that  have  yet  been  published.  The  following 
table  contains  the  relative  conducting  powers  of  the  metals  examined  by  them,  com- 
pared with  that  of  silver  taken  arbitrarily  as  100,  and  also  the  absolute  conducting 
powers  of  the  same  metals,  calculated  from  their  relative  numbers  bymeansof  Peel  et's 
determination  of  the  absolute  conductivity  of  lead  (p.  69) :  — 

Conductivity  of  Metals, 


Coefficient  of 

Coefficient  of 

Name  of  Metal. 

CooducttTity. 

Name  of  MeUl. 

CoodoctlTlty. 

Relative. 

Absolute. 

Relative. 

Absolute. 

Silver      . 

100 

45-2 

Iron 

11-9 

6-38 

Copper    .        .        • 
Gold 

73-6 

33-4 

Lead 

8-4 

3-84 

632 

240 

Plalinum 

85 

8-79 

Brass 

231 

10-4 

German  silver 

6-3 

2-85 

Zinc         .         • 

190 

8-6 

Rose's  fusible  metal 

2-8 

1-26 

Tin          ... 

14-5 

6-65 

Bismuth 

1-8 

0-81 

The  relative  conducting  powers  of  various  rocks  have  been  determined  by  Hopkins 
(Proc.  Roy.  Soc.  viii.  535).  His  method  of  experimenting  consisted  in  placing  a  cylin- 
arical  block  of  the  substance  to  be  examined,  with  its  base  just  in  contact  with  the 
surface  of  mercury  contained  in  a  shallow  pan,  and  heated  to  a  constant  known  tem- 
perature, and  observing,  when  the  distributioa  of  heat  within  the  block  had  become 
0tationary,  the  excess  of  temperature  above  the  surrounding  air  attained  by  a  shallow 
stratum  of  mercury  covering  the  upper  face  of  the  block — precautions  being  of  course 
taken  to  prevent  loss  of  heat  through  the  sides  of  thfi  block,  and  any  disturbing  effect 
of  radiation  from  the  heating  apparatus.  The  observed  excesses  of  temperature  evi- 
dently depended  directly  upon  the  internal  conductivities  of  the  substances  examined, 
ftnd  (inversely)  upon  the  external  conductivity  of  mercury.  It  has  been  shown 
(p.  70)  that  when  the  temperature  of  the  surface  of  a  body,  whose  temperature  in- 
eieases  inwards,  remains  constant,  the  relation  expressed  by  the  following  equation 
holds  between  its  coefficients  of  internal  conductivity  k,  and  external  conductivity 


A:— 


k 
h 


t-f 


e. 


In  Hopkins*  experiments,  thte  external  conductivity  of  mercury  (■■<?)  took  the  place 
of  A  in  the  above  formula  in  the  caiSe  of  eveiy  substance ;  k,  however,  varied  from  one 
•ubstanoe  to   another.      Hedce,  by  putting  into  the  formula  the  observed    values 
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0056 
•07 
•16 
•11 


of  t,  €t  0,  and  e,  the  value  of  -  could  be  ascertained.    The  foUowing  are  tome  of  Uw* 

retultfl  obtained  for  substances  in  the  state  of  dry  powder : — 

Chalk 

Cky 

Saud 

Sand  and  clay 

These  Talues  are  proportional  to  the  absolute  internal  conducting  powers  of  the  serenl 
aubetances,  but  in  order  to  deduce  these  conducting  powers  from  tnem,  thfy  require  to 
be  multiplied  by  the  unknown  absolute  value  of  r,  the  external  conducting  power  ol 
mercury. 

The  observation  of  the  distribution  of  temperature  in  a  mass  whos^  temperature  is 
changing  has  been  employed  by  Forbes  (Trans.  Roy.  Soc.  Edinb.  zri.  2Q6\ 
Angstrom  (Pogg.  Ann.  cxiy.  513;  Ann.  Ch.  Phys.  [31  Ixvii.  379),  and  Nenmann 
(Ann.  Ch.  Phys.  [3]  Ixvi.  183)  fur  the  determinatiun  of  coefficients  of  condnctirity. 
Forbes'  investigation  related  to  the  rate  of  p<>notnition  downwards  into  the  earth  of 
the  solar  heat  received  by  tin*  surface.  The  general  effect  of  the  seasons  is  that  the 
temperature  of  the  surface  of  the  ground  uficillates  (in  Britain)  between  a  n-azimum 
which  occurs  in  July  or  Augu<-t,  and  a  minimum  occurring  in  January  or  February. 
If  now  the  earth's  crust  were  a  perfect  conductor  of  heat,  tlie  yearly  maximum  and 
yearly  minimum  of  temperature  would  occur  at  any  point  below  the  surfoce,  at  the 
same  epochs  as  they  do  at  the  surface  itself,  and  the  yearly  range  of  temperatnre  would 
be  as  great  below  the  surface  as  above  it.  But  the  earth  s  crust  opposing  in  reality  a 
very  considerable  resistance  to  the  propagation  of  heat,  the  maxima  and  minima  occur 
later  below  the  surface  (for  instance,  at  a  deptli  of  25*6  feet  in  the  porphyritic  trap  of 
the  Calton  Hill,  Edinburgh,  the  annual  maximum  occurs  in  December  or  Janoanr, 
and  the  minimum  in  June  or  July),  and  the  difference  between  them,  or  the  yearly 
range  of  temperature,  is  less  than  it  is  at  the  surfnce.  Thus  the  oscillation  of  tempe- 
rature which  occurs  at  the  surface  suffers  a  retardation  of  phase  and  a  diminvtion  nf 
ampfitude  as  it  advances  inwanls.  From  these  two  effects,  as  revealed  by  the  observa- 
tion of  thermometers  sunk  tn  various  depths,  Forbes  was  able  to  deduce  the  atiso- 
lute  coefficients  of  conductivity  of  the  strata  in  which  the  thermometers  were  buried. 

A  met  hod  precisely  the  same  in  principle  has  since  l)een  employed  by  Ancstrom  for 
the  determination  of  the  conductivities  of  certain  metals.  Stiuare  bars  of  the  metals  to 
be  examined  were  altemat(>ly  heated  and  cooled  at  one  place,  and  after  a  considerable 
number  of  such  alternations  the  distribution  of  tem(>eratnre  was  observed  by  means  of 
thermometers  inserted  into  the  bars  at  intervals  of  50  millimetres  from  each  other. 

Neumann's  method  de|M>nde<l  on  obsen-ntions  of  the  course  of  cooling  in  ban 
which  had  been  heated  at  one  end  until  their  temperature  became  stationary  thitiugfa- 
out,  or  in  cubes  or  spheres  of  five  or  six  inches  diameter  which  had  been  previously 
heated  to  a  uniform  temperature.  ^ 

The  following  table  gives  some  of  the  results  obtained  by  Angstrom  and  by 
Neumann,  reduced  to  the  gramme-water-second-centimetro  unit :  — 

Coefficients  of  Conductivity, 


SiibiUnce. 

AngktrJim. 

Neumann. 

Copper     

9103 

110-76 

Zinc 

•              • 

80-70 

Brass 

•              • 

3019 

Iron 

16-30 

16-87 

Q  erman-silver .... 

•             • 

10-94 

Tlie  numbers  in  the  following  table  give  the  values  referred  to  the  same  unit,  of  tlia 
ratio  --.  according  to  Neumann's  experiments,  k  being  the  coefficient  of  internal 

eonductivity,  e  the  specific  heat,  and  D  the  density  of  the  several  substances:  — 

SubtUnccs.  ^  • 

Coal 0116 

Melted  sulphur *143 

Ice 1144 

Snow -367  ' 

Frozen  earth *916 

Sandstone 1*867 
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conductinff  power  of  the  lighter  gases  must  exceed  that  of  the  heftvier  gftatm.     A 
provisional  estimate,  he  gives  for  lb«?  couducting  power  of  air  alx>ut  -^m  of  that  of  I_ 
as  determined  by  Peel et,  and  for  the  conducting  power  of  hydrogen  ckbont  i^soi  tim 
that  of  air.  G.  C.  F. 
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i,  or  XABZCAXiS.  The  notion  of  compound  radicles,  as  it  is  at 
present  received  in  chemical  science,  has  been  explained  already  in  previous  articles 
(Classification,  i.  1014—1017 ;  Equivalents,  ii.  495 ;  FoiucrLJB,  Ratiokax,  ii.  700); 
all  that  is  necessary  here  is  therefore  to  indicate  briefly  the  origin  of  the  idea,  and  the 
principal  modifications  which  it  has  undergone. 

The  word  "radical"  is  of  constant  occurrence  in  the  writings  of  Lavoisier.  For 
him  and  for  his  school,  chemistry  consisted  mainly  in  the  investigation  of  oxycen  and 
its  combinations.  Compound  bodies  were  divided  into  the  two  fundamental  cLiBses  of 
acids,  which  were  supposed  to  owe  their  esscntiiil  properties  to  their  containing  a  large 
proportion  of  oxygen,  and  salifiable  bases,  wliich  were  regarded  either  as  simjue 
bodies  or  as  containing  a  small  proportion  of  oxygen.  In  all  cases  the  presence  or 
absf'nce  of  oxygen,  or  the  proportion  of  it  which  a  compound  body  contained,  was  con- 
sidered the  most  important  point  in  its  chemical  history,  and  as  chiefly  deteiv 
mining  its  properties.  In  the  case  of  the  acids  especially,  the  oxygen,  which  all  were 
supposed  to  contain,  was  lo<;ked  upon  as  the  sole  cause  of  their  characteristic  proper- 
ties; whether  tlie  oxygen  was  combiniHl  with  sulphur,  with  phosphorus,  or  with 
nitrogen,  was  regarded  as  a  matter  of  far  le5s  importance.  Hence  arose  the  necessity 
for  adopting  some  common  designation  fortlie  various  substances  which  were  capable 
of  serving  as  foundations  or  nuclei  upon  which  oxygen  could  attach  itself,  and  thus 
give  rise  to  acids  ;  it  was  in  this  sense  that  the  word  radical  was  first  employed  in 
chemistiy.  "11  faut  done."  said  Lavoisier,  '*  distinguer  <lans  tout  acide  Ja  base 
acidifiable  4  laquelle  M.  do  Morveau  a  donnt^  le  nom  do  radical,  et  le  principe  acidifiant^ 
c'est-a-din*,  I'oxig^nc."  {TraiU  elhmnlaire  dr  Chimii,  Mit.  1789,  vol.  i.  p.  69.)  The 
passage  here  referred  to  appears  to  be  in  Section  ii.  "  Dc$  fntses  acidffiafJesuu  j*rinnpe$ 
radicatix  de«  acidia  "  of  d  e  M o  r  v  e  u  u '  s  "  M/'nioire  sur  le  D^veloppcment  des Frincipes 
de  la  Nomenclature  m^thodique  *'  (1787 ).  The  definition  of  a  mdical  which  is  here  given 
is  interesting,  not  only  in  connection  with  our  present  subjetrt,  but  for  the  light  it  throws 
on  the  views  then  entertained  with  respect  to  the  constitution  of  acids.  After  speaking 
of  the  acids  of  nitrogen,  carlx>n,  sulphur,  and  phosphorus,  de  Morveau  goes  on  to 
discu«s  the  nomenclature  of  acids  of  unknown  composition,  such  as  muriatic  aeid, 
boracic  acid,  the  acid  of  vinegar,  &c.,  with  regard  to  which  he  says :  "  Nous  nous  sommes 
content^  de  designer  V^tre  simple  qui  y  modifie  Toxig^nc  par  Texpression  de  ham 
acidifiable,  ou,  pour  abr^ger,  de  radical  de  tfl  acide  ;  afin  de  garder  la  m£me  analogies 
et  de  pouvoir  considerer  a  leur  tour  chacun  de  ces  ^tres  d*une  mani^re  abstraite.** 

The  signification  of  the  word  radical  was  soon  somewhat  extended  by  Lavoisier. 
Two  years  after  the  publication  of  de  Morveau' s  memoir,  he  says:  ** Xai  d^jA  fait 
observer  que  dans  Is  r^gne  min(['ral,  presque  tons  les  radicaux  oxidables  et  acidifiablea 
^toient  simples  ;  que  dans  le  regne  vegetal  au  contraire,  et  surtout  dans  le  r^gne  animal, 
il  n'en  exisfoit  presque  pas  qui  ne  fussent  compost  du  moins  de  deux  substancei^ 
d'hydrofT^ne  et  de  carbone ;  que  souvent  I'azote  et  le  nhosphore  s'y  reunissoieot,  et  qn'il 
en  r^sultoit  des  radicaux  a  quatre  bases."  ( Traite  elementaire^  vol.  i.  p.  209.)  The 
idea  of  compound  radicles,  which  we  meet  with  in  this  passage,  occurs  very  f^ 
quently  in  other  parts  of  the  same  work,  and  it  is  of  importance  to  observe  that  it  is 
applied  to  explain  the  constitution  of  neutral  bo4Ues  as  well  as  of  acids.  This  is  stiD 
more  distinctly  seen  in  other  passages;  thus,  of  sugar,  gum,  and  starch,  it  is  said 
(  Op.  cif. 
carlwne 
d' 

qui  composent  la  bas<»."  Elsewhere  it  is  suggest^  that  the  oi7«  may  actually  constitute 
compound  organic  radicles  in  the  free  state,  thus  (pp.  198,  199)  :  "On  apei^i 
ais^ment  que  les  huiles  etant  compost  d'hydrog6no  et  de  carbone,  elles  sont  de 
v^ritables  radicaux  carbone-hydreux  ou  hydrr^carlwnoux,  et  en  effetil  siifDt  d'ozyg^ner 
les  huiles  pour  les  convertir  d'abord  en  oxides,  et  ensuite  en  acides  veg^taux,  soirant 
le  degr^  d'oxyg^nation.  On  ne  peut  pas  cependant  assurer  il'une  maniSre  positire  qne 
les  huiles  entrent  toutes  enti^res  dans  la  composition  des  oxides  et  des  acides  T^ff^anx: 


iposition  des  oxides  et  des  acides  T^ff^anx; 
il  est  possible  qu' elles  perdent  auparavant  une  portion  de  leur  hydrog^ne  on  de  leor 
carbone,  et  que  ce  qui  reste  de  Tune  et  de  I'autre  de  ces  substanc«>s  ne  soit  pins  dani 
la  proportion  i^ecessaire  pour  const ituer  des  huiles."  Again  (pp.  210,  211)  :  «  Doit-on 
conclure  de  ces  reflexions,  que  les  huiles  soient  la  base,  qu'elles  soient  le  radical  dee 
acides  v^^taux  et  animaux?  Jai  deja  expose  mes  doutes  a  cet  ^rd.  Premiere* 
ment,  quoique  les  huiles  puroissent  n'et.re  uniquement  compos^es  que  d*hydrogtoe  et  de 
carl)one,  nous  ne  savons  pas  si  la  proportion  qu'elles  en  contiennent  estpr^s^menteelte 
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disooTery  that  the  number  of  atoms  of  hydrogen,  chlorine,  nitrogen,  and  their  analogiiM^ 
taken  together,  which  was  contained  in  a  molecule  of  any  wcU-inveifticated  compoiiiidy 
was  alwa^'s  an  even  number,  whereas  all  the  supposed  compound  radicles  contained  an 
odd  number  of  such  atoms. 

We  have  not  space  to  trace  the  long  and  bitter  controversies  which  arose  upon  eadi 
of  these  points:  an  excellent  account  of  them  will  be  found  in  KekuH's  Lekrbuch  der 
ar^aniseien  Ckemis  (yo\,  i.  pp.  69-94,  1859).  It  must  suffice  to  say  here  that  the 
objections  to  the  *' radicle"  theon',  referred  to  under  the  first  of  the  aboTe  heads,  arose 
fix)m  its  identification  with  the  electro-ohomical  theory,  and  therefore  lost  their  fwee 
when  this  theory  was  abandoned,  and  it  was  consequently  admitted  that  ndldee 
playing  the  part  of  electro-poftitire  motals  might  contain  not  only  oxygen,  but  cblonnc^ 
bromine,  or  in  fact  any  other  element.  The  discovery  of  cacodyl  by  Bun  sen  in  1842, 
of  methyl,  ethyl,  and  butyl  by  Frankland  and  Kolbe  in  1849,  and  subsequently  of 
several  other  of  the  so-called  alcuhol-radicles,  which  at  first  sight  seemed  to  affi^ra  a 
conclusive  answer  to  all  a  priori  objections  against  the  possible  existence  of  radicles  in 
the  free  state,  resulted  in  its  being  proved  that  the  molecules  of  the  isolated  radiclse 
consisted  of  two  atoms,  and  thus  the  "  law  of  even  numbers  **  received  a  confirmatioii 
instead  of  the  expected  refutation.    (See  Alcohol- ka.diclk8,  i.  96.) 

The  idea  of  compound  radicles,  as  it  is  now  entertained,  is  quite  independent  of  the 
question  whether  they  can  bo  actually  prepared  in  the  separate  state  or  not.  A  radide^ 
m  modem  chomical  language,  is  simplv  a  group  of  elements  which  is  common  to  a 
more  or  less  numerous  series  of  allied  compoundis,  and  remains  unaffected  by  the  pro- 
cesses whereby  these  compounds  are  transformed  one  into  another.  It  is  essentiallj 
correlative  with  the  idea  of  molecular  types ;  and,  as  pointed  out  in  the  places  referred 
to  at  the  beginning  of  this  article  (especially  ii.  7P0),  the  radicle  which  any  oomplnc 
compound  is  regarded  as  containing,  must  depend  upon  the  type  to  which  the  com- 
pound is  referred,  while,  conversely,  the  type  is  equally  dependent  on  the  radicle. 

O.  C.  F. 

XABIOZiZra.  Natrolite,  from  Brevig  in  Norway  (iv.  29) :  see  also  an  analysis 
by  Michaelson.   (Jahresb.  1863,  p.  819.) 

I.  Rapkanussativus.  Radish-roots  contain,  according  to  T.  J.  Herapath 

1847-  n.  279V  in  1000  ntii. : 


Red  colouring-matter  .        .         .177 

Fat  oil 0-40 

Siimpine? 0*04 

Alkaline  and  earthy  phosphates,  >  |. -. 

with  a  little  gypsum  { 

Ai^etates  of  potassium  and  sodium  0*23 

Nitr3it4-»  of  {potassium  and  sodium  6*17 

CliiorideH  of  potassium  and  aodium  4*16 


(Chem.  Gaz.  1847,  p.  279),  in  1000  pts.  :— 

Water 959*74 

Woody  fibre         ....     1702 
Nitroffenous  substance  >  «  aa 

with  a  little  starch  {        *        •      ^'^* 

Albumin 0*91 

Extractive  matter        .        .        .2*26 

Gum 4"30 

Sugar 1-14  ^ 

The  ash  of  the  root  and  herb  of  the  radish  has  also  been  analysed  by  T.  Richardson 
(Jahresb.  1847-48,  Table  C  to  page  1074),  with  the  following  results:— 

KSQ.     N««0.      C*0.     MgO.     SO*.      8iO«.      P^O*.      Fe^PO<  KCl.    NaCL 
Root     2116     .    .       8-78    3-53     7*71     817    4009      219     1*29     707  —    99-9» 
Herb      606    1109    27*90    708    9*64     8*22      607     16*45     .    .     8*60  a-  100*00 

The  dried  root  yielded  6'43  per  cent.,  and  the  dried  herb  2*76  per  cent.  ash. 

&ABZ8B,  OXXi  or.  The  roots  and  seeds  of  the  radish  yield,  by  distillation  with 
water,  a  milky  liquid,  from  which  an  essential  oil  may  be  obtained  by  rectification. 
This  oil  is  colourless,  heavier  than  water,  contains  sulphur,  forms  a  white  precipitate 
with  mercuric  chloride,  yellow  with  platinic  chloride.  It  is  moderately  solnble  in 
water. . 

The  same  oil  is  obtained  by  distilling,  with  water,  the  seeds  of  Brassiea  Nii^Uig 
Cochharia  Draba,  and  Chdranthus  annuus, 

RAMAXiZVA  CAXiZCASZB.  A  lichen  which  yields  alpha-nsnic  add.  (See 
tJsNio  Acid.) 

Trimetric  arsenide  of  nickel,  NiAs*  (iv.  86). 

An  earthy  hydrate  of  silica,  occurring  near  Pont  Gibaudin  France. 
(See  0PA^  iv.  304.) 

SAWOOOV  TAS.     See  Naphtha  (iv.  3). 

mAHtnrCVXiVB.  The  root  of  Ranunculus  Ficaria,  gathered  in  Tnscaoj  in  April 
and  May,  was  found  by  Tosca  ni  ( Cimento.  v.  453)  to  contain  0*6  to  I'O  pep  cent,  c.ts- 
tallisable  sugar,  0*4  to  0*6  dextrin,  28  starch,  and  an  acrid  deleterious  substance. 
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Thfl  Acrid  juicA  of  Ranunculus  seeleratut  yields  by  distillation  a  dear,  sbarp-tasting, 
fetid  liquid,  which  when  kept  for  some  time,  even  in  closed  vessels,  deposits  a  white 
amorphous  precipitate  of  anemonin  (L  290).  Ether  extracts  from  this  distillate  a 
neutral,  acrid,  golden-yellow,  non-sulphuretted  oil,  heavier  than  water,  which  attacks  the 
eyes  strongly,  and  raises  blisters  on  the  skin.  When  kept  under  water,  or  in  contact 
with  chlonde  of  calcium,  it  concretes  to  a  white  solid  mass,  which  quickly  changes  into 
anemonin  and  anemonic  acid.  It  is  to  this  transformation  of  the  acrid  principle  of  the 
ranunculus,  and  not  to  its  Tolatility,  that  the  loss  of  acridity  of  the  plant  by  drying  is 
due.    (£r  dm  Ann,  J.  pr.  Chem.  Ixxv.  209.) 

XAVAKZVZ.  A  variety  of  granite  containing  60*46  per  cent,  orthodase,  31*83 
quartz,  and  6*71  mica,  occurring  at  Pyterlaks  and  other  locahtiee  in  Finland.  (Jahresb. 
1862,  p.  784.) 

SAPS.  See  Brassica  (i.  654). — Bap e- seed  oil,  Huile  de  naifette,  ia  a  fat  oil 
obtained  by  pressure  from  the  seeds  of  winter-rape  (Brasnca  Napus),  which  yield  about 
33  per  cent  of  it.  This  oil  is  yellow,  has  a  peculiar  odour,  a  density  of  0*9128  at  16^, 
and  solidifies  at  a  few  degrees  below  0°.  By  dry  distillation,  it  yields  a  mixture  of 
volatile  fatty  acids,  acrolein,  and  oily  hydrocarbons  of  very  variable  boiling  point. 
These  hydrocarbons  are  strongly  attacked  by  nitric  acid,  yielding  caprylic,  osnanthylic, 
caproic,  valerianic,  butyric,  propionic,  and  acetic  acids.  With  chromic  add  the  same 
hydrocarbons  yidd  only  acetic  and  propionic  add.  (Schneider,  Ann.  Ch.  Phann. 
Ixx.  107.) 

Rape-seed  oil  is  used  for  illumination,  for  the  manufacture  of  soft  soaps,  for  oiling 
woollen  stuffs,  in  the  preparation  of  leather,  and  for  lubricating  machineir. 

The  seeds  of  summer-rape,  Brassica  praco^f  yield  a  yellow  viscid  od  of  spedfio 
gravity  0*9139,  which  deposits  tallow  at  —8^,  and  solidifies  to  a  yellowish-white  butter 
at  -10°.     (Schiibler.) 

The  seeds  of  the  turnip,  Brassica  Napus^  yidd  a  smaller  quantity  of  a  similar  oil, 
of  specific  gravity  0-9167. 

Colza  oil,  used  chiefly  for  illumination,  is  obtained  to  the  amount  of  about  33  per 
cent,  from  the  seeds  of  colza  or  wild  navew,  {Brassica  campestriSf  var.  oleifera).  It 
is  yellow,  of  spedfic  gravity  0*9136  at  15°,  and  solidifies  at  -6°.  It  is  chiefiv  a  mix- 
ture of  two  glycerides,  which  yidd,  by  saponification,  two  peculiar  fatty  adas.  (See 
BuASSic  Acid,  i.  655.) 

Kobell*8  name  for  native  selenide  of  lead  and  copper  from 


Tilkerode  (iii.  557.) 


BLBNDK,  iii.  169.) 


(See  Radish,  p.  76.) 

Asbestiform  tremolite  from  Lanark,  in  Canada.    (See  Hokx* 

A  reddish-grey  micaceous  mineral  occurring  in  monodinie  forms 
at  Monroe,  Orange  County,  New  York,  analysed  by  Shepard  (SilL  Am.  J.  [2] 
xxiv.  128),  and  bv  Pisani  (Compt.  rend.  liv.  606;  Jahresb.  1862,  p.  749),  whose 
results  differ  widely  from  one  another : — 

Alkali 
SiO*.        AlK>s.         F«0.         CaO.       MgO.      and  1ms.        H«0. 

42*3         6-5         38*25        2*0         1*0         615         3*8*     -   100       (Shepaid). 
34*98     21*88       28*44         .    .         6*24        .     .         9*22      -   100*76  (Pisani). 

From  the  physical  characters  of  the  mineral,  Hsani  regards  it  as  allied  to  ripidolite. 

SATAJTBXA.  In  the  bark  of  ratanhia  or  rhatany-root,  Krameria  triandra, 
Wittstein  (Jahresb.  1854,  p.  656)  found  a  peculiar  iron-greening  tannin,  a  body 
analogous  to  cinehona-red,  or  rather  to  quinova-red,  resulting  ftom  the  decompomtion 
of  the  tannin  ;  also  gummy  and  extractive  mattei^,  wax,  sugar,  starch,  and  oxalate  of 
calcium.  In  the  American  extract  of  ratanhia,  Wittstein  found  a  nitrogenoua  body, 
which  he  regarded  as  tyrosine.     (See  the  next  Artide.) 


C>«H"NO".  (E.  Ruge,  Vierte^.  d.  naturforsch.  GeseDsch.  in 
Ziirich,  vi.  Heft  3  ;  Jahresb.  1862,  p.  493.) — A  compound  homologous  with  tyrosine 
(C*H''NO'),  occurring  to  the  amount  of  1*26  per  cent,  in  the  extract  of  riiatany-roou 
It  was  first  observed  by  Wittstein,  who  regarded  it  as  tyrosine.  To  prepare  it,  the 
solution  of  rhatany  extract  is  predpitated  with  basic  acetate  of  lead;  the  filtrate,  freed 
fh>m  lead  by  sulphydric  acio,  is  evaporated  to  a  small  bulk ;  the  crystals,  which 
separate  after  12  hours,  are  pressed,  washed,  and  dissolved  in  ammonia;  the  solu- 
tion is  left  to  evaporate ;  and  the  crystals  which  then  separate  are  further  purified  by 


•  With  fluorlnci 
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])re<ripitadiig  their  solution  with  basic  acetate  of  lead,  and  treating  the  illtzftte  with 
sulphjdric  acid  at  the  boiling  heat. 

Katanhine,  thus  purified,  ciystallifics  in  laivo  opherical  aggregates  of  delicate  whita 
needles,  drying  up  to  an  interlaced  masj).  It  dissolves  in  126  pts.  of  bailing  wmter, 
and,  like  tyrosine,  has  a  great  tendency  to  form  supersaturated  solutions.  It  is  sligfaftly 
soluble  in  boiling  spirit  of  ordinary  strength,  quite  insoluble  in  absolute  alcohol  and  in 
ether.  It  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  or  by  merciirio  aeetate. 
A  solution  of  ratanhine  saturated  at  15°,  assumes  a  rose-red  colour  when  heated  with 
a  few  drops  of  mercuric  nitrate,  and  on  further  addition  of  the  latter,  deposits  brown-red 
flocks.  When  ratanhine  triturated  with  a  small  quantity  of  water  is  mixed  by  drops 
with  dilute  nitric  acid,  and  heated  to  the  boiling-point,  the  liquid  becomes  'xose-red, 
then  ruby-red,  then  gives  off  gas  and  assumes  a  deep  indigo-blue  colour,  due  to  tha 
formation  of  resinous  bodies.  This  coloration  is  perceptible  even  to  the  60,000th 
degree  of  dilution.  With  a  larger  quantity  of  nitric  acid,  more  complete  decomposition 
takes  place.  Ratanhine  moistened  with  water  is  coloured  rose-red  to  violet-red  by 
nitrous  acid,  and  with  a  larger  quantity  of  water,  a  blue  or  green  solution  is  ultimately 
formed. 

Ratanhine,  like  tyrosine,  unites  both  with  mineral  acids  and  with  alkalis :  it  decom- 
poses the  carbonates  of  the  alkaline  earths.  A  solution  of  ratanhine  in  baryta-wnter 
deposits  part  of  the  ratanhine  unaltered,  while  the  compound  C'*H"Ba'79^0*  remains 
dissolved. 

Ht/drochloratf  of  ratanhine,  C'*H"N0MIC1,  crvstallises  by  spontaneous  eraporation 
in  colourless  acid  prisms  or  laminee,  which  are  decomposed  by  water  or  alcohol,  with 
separatiun  of  ratanhine. 

Ratanhine-sulphuric  or  SuJpho-ratanhic  acid. — ^The  dark-red  solution  of  ratanhine 
in  5  pts.  of  warm  concentrated  sulphuric  acid  becomes  colourless  on  dilution,  and  if 
then  neutralised  with  carbonate  of  barium,  deposits  slender  silky  needles  of  the  salt^ 
C'*H"Ba''NO*.SO'.|H*0,  and  the  mother-liquor  dries  up  to  an  amorphous  mass,  con- 
sisting chiefly  of  the  salt  C»H"Ba"N»0«.S«0«.6H«0.  The  acid  C'*H»»NSO',  or 
C"H"NO*.SH*0*,  separated  from  the  latter  salt  by  sulphuric  acid,  crystallises  ftom 
absolute  alcohol  in  large  colourless  square  plates,  fioth  the  acids  and  their  barium- 
salts  react  with  ferric  diloride  like  tyrosine-sulphuric  acid,  producing  a  splendid  violet 
coloration. 


A  granular  or  earthy  blue  variety  of  fluor-spar,  mixed  with 
day,  from  Ratoflfka  in  Russia. 

SAVKZTB.  A  mineral,  apparently  allied  to  esmarkite,  from  Raumo,  in  Finland^ 
containing,  according  to  Bonsdorff,  43*0  per  cent,  silica,  19*0  alumina,  19'2  feirie  oxide^ 
12*55  magnesia^  and  6*9  water.   (Rammelsb.  Mineralch.  p.  836.) 

SAZOBKOrr8Xnr«  An  argillaceous  substance  from  Kosemuth  in  Silesia,  con- 
taining, according  to  Oellner,  54*50  per  cent,  silica,  27'25  alumina,  2*00  lime^  0*87 
magnesia,  0*25  ferric  oxide,  and  14'25  water  (»  98*62). 

Native  protosulphide  of  arsenic,  AsS  (i.  386). 

The  concentration  of  a  volatile  substance  by  distillation. 

Native  oxysulphide  of  antimony,  or  KermcMite,  8bH>S* 
(iii.  446). 

MEH  CH  ATiM,  or  &ZBBZA.  Earthy  red  haematite  having  a  flat  conchoidal 
fracture ;  used  as  drawing  chalk. 

HBS  COPPBS-OSB.     Native  cuprous  oxide  (ii.  70). 

See  Dteino  (ii.  355). 

IB  B JBaKATZra.  or  BBB  ZROIT  O&B.    Native  anhydrous  ferric  oxide  (liL 
837,  893). 

SBB  ntOV-  V  XT AZOXiy  or  Botryogen,  Native  ferroso-ferric  sulphate  from 
Fahlun  (i.  651). 

^  or  Minium.    Red  oxide  of  lead  (iii  551). 

or  Crocoisite,    Native  chromate  of  lead  (i.  934). 

or  Dudlogite,     Native  carbonate  of  manganese  (i.  789). 

— —  WW,  -■  ■  Red  hematite  of  a  soft  carthv  consistence.  The  same  name  is 
applied  to  a  pigment  prepared  by  calcining  yellow  ochre  (clay  containing  ferrie 
hydrate). 

SBB  PZOMBVTSi  The  red  pigments  most  commonly  used  are  red  oxide  of 
iron  in  various  states,  red  oxide  of  lead,  and  vermillion.  Indian  red  is  pure  red 
hematite  fljiely  ground.     The  same  name  is  applied  to  a  dark-red  ferric  silicate  firom 
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vs.  A  class  of  compounds  of  regetable  origin,  chaneteriied  hj  htnng  inso- 
luble in  water,  mostly  soluble  in  alcohol,  uncrystallisable,  and  softening  or  meltiiig  at  • 
moderate  heat.     They  may  be  divided  into — 

1.  Resins  which  exucU  spontaneously  from  plants,  or  from  incisions  in  the  stenui 
and  branches,  and  harden  on  exposur«*  to  the  air.  These  are  mostly  mixtures,  sometimes 
containing  considerable  quantities  of  gum  or  mucilage  {Crum*ruins\  or  of  ToUtile  oil 
{Balsams).  They  are  for  the  most  part  produced  by  the  oxidation  of  ToUtile  oils 
secretd  by  the  phmt. 

2.  Oxidised  Fossil  Resins,  occurring  in  beds  of  coal  lignite,  &c,  and  apparently 
produced  in  a  similar  manner  from  plants  of  a  bygone  age.  The  term  fossil  resin  is 
sometimes,  but  inappropriately,  extended  to  certain  hydrocarbons,  such  as  scheemiti^ 
ozokerite,  &c.,  occurring  in  similar  localities. 

3.  Resins  extracted  from  plantd  by  alcohol,  and  consisting  in  many  cases  of  deAnits 
proximate  principles. 

Resinous  bodies  arc  also  produced,  artificially,  by  the  oxidation  of  Tolatile  oils  in 
contact  with  air,  or  by  tlie  action  of  nitric  acid  ;  in  the  desiccation  of  drying  oils;  in 
the  decomposition  of  alcohol,  aldehyde,  and  similar  compounds  by  potash,  and  in  the 
dry  distillation  of  many  organic  compounds. 

Natural  rosins  may  be  freed  from  atlmixed  volatile  oil  by  exposure  to  the  air,  by 
boiling  with  water,  or  by  fusion  ;  gummy  or  mucilaginous  substances  may  be  extracted 
from  them  by  water. — When  a  resin  has  been  extracted  from  a  plant  by  hot  alo^ol 
or  ether,  the  solution  on  cooling  deposits  the  greater  part  of  the  wax  or  fat  contained  in 
it;  and  if  it  be  then  distilled  with  water,  the  resin  remains  behin:i,and  may  be  further 
purified  by  washing  with  water. 

The  products  thus  obtained  frequently  retain  small  quantities  of  add,  &t,  Tolatile 
oil,  colouring-matter,  &c.,  and  may  in  some  cases  be  resolved  into  two  or  more  lesinfl^ 
differing  in  composition  and  properties. 

Resins  are  transparent  or  translucent ;  a  few  are  colourless,  but  the  n^eater  nnmber 
are  yellow,  brown,  ur  otherwise  coloured.  Some  of  them  are  hard  and  friable,  a  few 
are  crystalline ;  others  are  soft  and  greasy,  or  elastic  like  caoutchouc.  They  become 
electric  by  friction.  When  heated  thoy  soften  or  melt,  mostly  without  decomposition,  to 
a  thick  tenacious  liquid,  generally  more  viscid  than  melted  fat.  They  are  not  TolaUle, 
but  when  strongly  heated,  they  carbonise,  and  giTe  off  carbonic  anhydride,  water, 
gaseous  hydrocarbons,  and  volatile  oils  varying  greatly  in  composition.  (See  Colofhont, 
i.  1087.) 

Resins  are  insoluble  in  water ;  most  of  them  dissolve  freely  in  cold  alcohol,  some 
scarcely  at  all,  or  only  in  hot  al(x>hol.  The  alcoholic  solutions,  when  exposed  to  the 
air,  give  off  the  alcohol,  and  leave  the  resin  in  the  form  of  a  varnish.  They  are  ren* 
dered  milky  by  water,  from  separation  of  the  resin ;  more  complete  separation  is 
effected  by  mineral  acids.  Most  resins  are  soluble  in  ether.  Volatile  otls  likewise 
dissolve  them,  and  the  solutions,  on  exposure  to  the  air,  leave  first  a  balsam-like  masi^ 
then  the  resin.  Resins  may  be  melted  together  with  fats ;  their  solutions  in  drying 
oils  harden  in  contact  with  the  air. 

Resins  are  either  nrutral  or  acid.  The  former,  when  dissolved  in  alcohol,  do  not 
redden  litmus,  and  they  are  insoluble  or  only  sparingly  soluble  in  alkalis.  The  latter, 
which  are  the  more  numerous,  redden  litmus  in  alcoholic  solution,  and  dissolTS  in 
cauHtic  alkalis  and  alkaline  carbonates,  the  solutions,  when  evaporated,  leaying  amor- 
phous masses,  called  resin -soaps,  often  procipitable  from  the  solution  by  excess  of 
alkalL  Common  yellow  t^oap  consists  of  tallow-soap  mixed  with  a  resin-soap,  formed 
by  dissolving  colophony  in  caustic  soda  or  carbonate  of  sodium.  By  decomposing  the 
solutions  of  the  resin-soaps  with  metallic  salts,  compounds  of  the  acid  resin  witii 
metallic  oxides  are  formed,  for  the  most  part  insoluble  in  water. 

Resins  are  used  for  a  variety  of  purposes.  Their  solutions  in  alcohol,  oil  of  tnrpen* 
tine,  and  drying  fat  oils,  yield  the  several  kinds  of  varnish  used  for  covering  woodf 
metal,  &c.  with  a  thin  but  impermeable  coating,  in  order  to  protect  them  from  air  and 
moisture.  Spirit-varnishes  are  the  most  brilliant,  but  also  the  most  brittle ;  their 
rigidity  may  oe  diminished  by  the  addition  of  oil  of  turpentine.  The  resins  oommonlj 
used  for  yamishes  are  copal,  elemi,  lac  in  scales,  mastic,  and  sandarach. 

The  following  is  a  list  of  the  natural  resins,  showing,  except  in  the  case  of  the  fauSL 
zesins,  the  plants  from  which  they  are  derived : — 

Resins  bxudino  frov  Plaitts. 

o.  Containing  Benzoic  or  Cinnamic  acid, 

1.  Acaroid  resin,  from   Xanthorrhcea 

hastilis. 

2.  Benzoin,  from  Styrax  Benzoin, 

3.  Dragon's-blooil,  6rientil,  from  Cnla- 

Mus  Draco. 


Dragon's-blood,  Canarian,  from 

eana  Draco. 
Dragon's  -  blood,     American,    ftoBi 

Pterocarpus  Draco, 
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a.  Containing  BenMoio  and  Cinnamie  Acid  (contiDQed). 


4.  'Per^'RtAsKni, from MyroxyUmperui- 

6.  liquid  Storax,  American,  from  Xc^*- 

aambar  Btyracifiua, 
6.  Liauid  Storaz,  Oriental,  from  Liqut- 

aambar  Altingia, 


7.  Solid  Storax,  from  Styrax  officinalis. 

8.  Tolu    Balsam,    from    Myrospermum 

toltt\ferum  or  frutescens, 

9.  Mecca  Balsam,    from    Opobalsamum 

verufn,  s.  tiUadense, 


$.  Not  containing  Beneoie  or  Cinnamie  Acid. 


1.  Alonehi  resin,  from  a  tree  growing 

in  Madagascar. 

2.  Gum   ammoniacum,    from    Dorema 

ammoniacum. 
S.  Anime  resin,  firom  Hymenaa  Cour- 
barU. 

4.  Arbol-a-Brea,     ftom      Canarium 

alburn^ 

5.  Asafoetida,  from  Ferula  Asqfxtida. 

6.  Bdellium,     from     Balsamodendron 

(various  species). 

7.  Betulin,  from  Betula  alba, 

8.  Caranna,    from    Amyris    earannOf 

Bursera  gummifera  or  acuminata. 

9.  Ceradia  resin,  firom  Ceradia  furoata. 

10.  Copaiba  balsam,  from  Tarious  species 

of  Copaiftra. 

11.  Copal,  Brazilian  orWest  Indian,  from 

Hymenaa  Courbaril. 
Copal,  African  and  East  Indian,  firom 
Hymenaa   verrucosa  or  EUtocarpus 

copali/erus. 
Copal,  North  American,  from  Bhus 

eopallma. 
Dammara  resin,   Australian,   firom 

Damtnara  australis. 
Dammara  resin,  East  Indian,   fh>m 

Pinus  Dammara  or  Dammara  alba. 

13.  Elemi,  from  Amyris  or  Idea  (yarious 

species). 

14.  Euphorbium,  firom  Euphorbia  offici- 
narum,antiquorum^  hndcanartensis. 

Oalbanum,  fromBabon  Galbanum? 
Gamboge,   from  Stalagmites  cambo' 

gityides    or  Hebradcndron  cochin- 

ehinense. 


15. 
16. 


17.  GK)mart  resin,  firom  Bursera  gummi' 

fera. 

18.  Guaiacum,  from  Guaiaeum  officinale. 

19.  Icica-resin,  firom  yarious  species  of 

Idea. 

20.  lyy-resinyiTomHedera  Helix. 

21.  Jalap-resins,      fiK)m       Convolvulus 

SchiedanuSj  &c. 

22.  Labdanum  or  Ladanum,  from  Cistus 

creticus. 

23.  Lac,  from  Aleurites  lacc{fera,  Croton 

aromaticuSy  Butta  frondosa^  Fictts 
religipsa,  and  Zizyphus  Jty'uba. 

24.  Laetia-resin,  from  Laetia  resinosa, 

25.  Masopin,  firom  a  Mexican  tree. 

26.  Mastic,  from  Pistacia  Lcntiscus. 

27.  Maynas,  from  CalopMlum  Calaba. 

28.  Myrrb,       from       BaUamodtndron 

Myrrha. 

29.  Olibanum  or  Incense,  Indian,  from 

BoswdUa  serrata. 
Olibanum  or  Incense,  Arabian,  from 
Amyris  Katqf. 
80.  Opoponax,  from  Ferula  Opoponax, 

31.  Palm- wax  (Cora  de  Palma),  from 

Ceroxylon  andicola. 

32.  Pasto-resin,  from  a  Mexican  tree. 

33.  Sagapenum,  from  Ferula  persica. 

34.  Sandarach,  from  Thuja  articulates 

35.  Scammony,  fi:t>m  Convolvulus  Scam- 

monium  and  other  species. 

86.  Tacamahac,     West     Indian,    firom 

Amyris  tomentosa. 
Tacamahac,  East  Indian,  firom  Colo- 
phyllum  ImphyUum, 

87.  Turpentine,  from  coniferous  trees. 


B.  Fossil  Rbsins  (containing  oxygen). — ^Amber,  Ambrite,  Anthracoxene,  Asphalt, 
Berengelite,  Boloretin,  Bncaramanga-resin,  Copalin,  Euosmite,  Fossil  Caoutchouc, 
Guayaquillite,  Hartin,  Inolyte,  Jaulingite,  Krantzite,  Melanchym,  Middletonite,  Peat- 
resins,  Piauzite,  Pyroretin,  Retinaspbalt,  Retinite  or  Walchovite,  Sderetinite,  Hesin 
from  Settling  Stones  in  Northumberland,  Tasmannite,  Xyloretin,  Resins  from  the 
Lignite  of  Weissonfels — viz.,  Geocerain,  Geocericacid,  Geocerinone,  Geomyricin,  Gebceric 
acid,  Leucopetrin. 

0.      RbSINS  SXTBACntD   FBOM   PLANTS  BT  AXCOHOL. 

Nearly  all  plants  yield  resins  when  thus  treated.  Among  them  may  be  mentioned 
the  resins  of  Angolica-root,  Indian  hemp,  Cubebs,  Manna,  Poplar-buds,  Butter-bar 

iTussilago  Ptiasitts),  Spanish  pepper  (capeicin).  Squill  (&^/amartYtf7ta),  and  Torpethum 
Ipom^ea  Turpethum). 

Most  of  the  resins  above  enumerated  have  been  or  will  be  described  in  their  alpha- 
betical places.  Some  are  not  sufficiently  important  to  require  special  description.  Wo 
give  here  a  few  that  have  been  omitted.  (See  further  Gmelin*s  Handbook^  xvii.  382 — 
455): 

1.  Gum  Ammoniacum. — This  gum-resin  exudes  from  an  um1)elliferous  plant  (Dorema 
ammoniacum f  Don. ;  Heradeum  gummiferum,  Willd.)  growing  in  the  northern  parts  of 
Persia  and  Armenia.     It  occurs  in  commerce,  sometimes  in  white,  yellow,  or  reddish 
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prainfl  of  rarious  sizos.  sometimoB  in  cakes  niix«»d  wifh  wind  and  sawdust.  It  lus  s 
htrong  disagreeable  olcur,  n'si'mbling  that  of  pirlic  ami  of  oastoreum,  and  arising  fiom 
tlie  presence  of  an  ei*-«ential  oil  (prubaMy  Hulphun-tte«l),  which  may  be  sejMUiited  by 
dmtfllation  with  water.  It  «ofttni*  at  tin'  heat  of  the  hand,  and  becomes  brittle  whin 
tv>oled.  yp<cillc  trravity  =  1U07.  It  contains,  according  to  Bachola,  72-0  per  cent. 
r»'sin,  22-4  Holuble  gum'.  IG  basKorin,  an«l  4()  volatile  oil  and  water;  according  to 
Bracounot,  700  n-8iu,  184  Polnble  gum,  4  4  ]>a»*Horin,  7*2  volatile  oil  and  wpter. 


resin  to  130  as  long  as  it  gives  off  vapour,  another  resin  is  obtained  containing  more 

carbon.  -      - . 

2.  Re9in  of  Cernfiia  furcnta.—T\\\'i  plant,  pm>\inng  on  the  coast  of  Afncn,  opposite 
the  island  of  Ichalx>e,  yields  an  anibfr-ooloun'il  nsin,  Imving  the  odonr  of  olibanom, 
and  a  specific  gravity  of  1197.     It  appears  to  liave  the  composition  of  the  turpentine 

resins,  C^ll^O*. 

3.  Gomart-rritin,  from  Bnrjirra  gvminifera.—  Solid,  dry,  rather  soft  in  the  middle, 
n«'arly  white,  and  of  crystalline  structure,  exhibitinjr  cjivities  linetl  with  shining  crystals, 
slightly  fusible  ;  spreads  out  on  lioiling  water  in  aiihesive  grains.  The  odonr  is  inter- 
mediate betw«'cn  that  of  turpentine  and  that  of  elemi.  YieUls  by  distillation  with 
water,  a  trans]»arent  colourless  volatile  oil,  having  the  odour  and  composition  of  tnrpen- 
tine-oil,  C'MI'*.  vjipour  dmMity  -=»  4*7,  and  forminjr  with  hydrochloric  acid  gas  a 
hydrochlorate,  C'MI".2HC1,  which  crystallisiH  in  dazzling  white  silky  needles. 

4.  Iry-rtfihi,  fn^ra  Hcfhra  //r7/x.— H^-d-bniwn  or  greenish  brittle  lumps,  haTin^a 
specific  gravity  of  1-294  (Brisson).  Has  a  faint  aromatic  taste  and  odour.  Contains, 
according  to  i't-llctier,  23  per  cent.  r<*jiin,  7  gum,  70  woody  fibre,  with  malic  acid  and 
salts.  It  bums  with  a  bright  flame  and  agreeable  odour;  yields  by  dry  distillation, 
firht  acid,  then  ammoniacal  wat4»r,  together  with  yellow  and  re<l  oil. 

6.  RfJtin  of  Luetia  reshwsa. — Small  yellowish-white,  transnircnt,  green,  brittle 
grains,  with  concho'idal  fracture.  Has  a  faint  aromatic  rKlour.  Yields  a  small  quan- 
tity of  volatile  oil  by  distillation  with  water.  When  heatc»tl.  it  melts,  swells  up,  buns 
with  a  white  very  smoky  flame,  leaving  a  bituminous  cinder.  Dissolves  completely  in 
iKiiling  alcohol,  and  partly  separates  on  cooling.  (Macaire-Prinsep^  BibL  unir. 
zlv.  431.) 

&S80RCZ]r.    C*n'0*. — A  compound  homologous  with  orcin  (C*H**0')  produced 

by  the  action  of  i»otash  on  galbanum  (iv.  215). 

SBSPZSA.TZOXr.  All  animals,  s^)  far  as  we  know,  have  need  of  oxygen  in  order 
that  the  oxidative  prt>eesses,  whereby  their  life  is  manifested,  may  be  carried  on.  Some, 
the  so-called  air-breathing  animals,  obtain  the  oxyg(>n  they  require  from  the  atmo- 
sphere ;  others,  the  8o-calle<l  aquatic  animals,  live  on  the  free  oxygen  always  to  be 
found  in  those  waters  which  are  capable  of  snp|>orting  lif^^  In  order  to  bring  the 
oxygt^n-bearing  medium  into  close  contact  with  the  bhunl  or  internal  juices  of  the  body, 
a  special  mechanism  is  in  most  canes  prtividetl.  Thus  in  man,  by  the  alternate  ex- 
piinsionand  relaxation  of  the  chest-walls,  a  quantity  uf  air  is  alternately  drawn  into  and 
driven  out  of  hollow  org:ins  called  lungs,  situated  in  the  chest,  but  haTing  a  direct 
connection  with  the  external  air;  by  means  of  bloodvessi^ls  ntmilying  over  the  lungi^ 
tlie  blood  is  brought  very  near  to  the  air.  Similar  orgiins,  with  various  modificaticms, 
are  found  in  all  the  higher  and  in  some  of  the  lower  air-breathing  animals.  In  other 
cases,  e.  g.  insects,  air  is  carri<»d  by  means  of  ramifying  tul>es  all  over  the  body.  In 
many  aquatic  animals  the  bloixl  or  nutritive  fluid  is  made  to  pass  into  or  taroog^ 
organs  called  gills,  so  con'>truct<>d  that  the  water  in  which  the  animal  is  living  is  sepa- 
rated from  the  blood  or  nutritive  fluid  by  a  very  thin  membrane  only.  In  others  water 
is  carrie<l  by  canals  ( water- vaseuLir  organs),  by  a  system  of  irrigation  as  it  were,  through 
a  smaller  or  larger  portion  of  t!ie  b(xly.  Finally,  all  animals  arc  capable,  to  a  greater 
or  less  extent,  oif  acting  upon  and  being  acttrdupon  by  the  sun'ounding  oxygen-boaring 
medium,  be  it  air  or  water,  throiurh  the  external  surface  of  their  bodies  and  through 
the  walls  of  various  cavities  (digestive,  &c.).  In  many  of  the  lower  animals  this  is  the 
only  way  in  which  oxygenation  takes  place,  no  special  organ  of  any  kind  being  pro- 
vided for  that  purpose. 

The  wonl  breathing  or  respiration  was  at  flrst  used  to  denote  the  visible  play 
of  the  mechanism,  whereby  the  oxygen-bearing  medium  was  brought  near  to  the  fluids 
of  the  economy, — namely,  the  driving  air  into  (inspiration)  and  out  of  the  lungs 
(expiration),  or  analogous  functions,  in  othi-r  animals  —ami  is  still  often  employed 
in  this  limit«Hl  sense.  Inasmuch,  howevi-r.  as  a  particular  respiratory  mcH^hanism  is 
not  essential  to  the  gaining  of  oxygon,  wlr'le  the  gaining  of  oxygen  is  the  end  of 
every  respiratory  mechanism,  it  has  become  a  liabit  to  consider  respiration  to  mean 
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whoiher  the  oxygen  was  eonvertHl  into  carTx>nic  acid  while  passing  in  and  out  of  the 
lungs,  or  whether  oxygen  was  absorbed  into,  and  carbonic  acid  exhaled  from,  the 
blood  during  its  passage  through  the  lungH ;  but  inclined  to  the  former  opinion. 
In  1780  he  showed,  in  conjunction  with  La  r lace  (M^moire  snr  Li  Chaleur,  Art.  ir., 
(Burn's,  ed.  imp.  ii.  2H3),  that  by  far  the  larger  jK)rtion  of  the  heat  given  out  by 
aiuin:ds  during  a  given  periol  CfjuM  be  accounted  for  by  considering  it  to  be  due  to 
the  combustion  of  a  quantity  of  ciirl>on  sufficient  to  produce  the  carl»onic  acid  exhaled 
during  thi*  same  time.  In  1785  {Alttrationn  quvjtnmvf  Fair  rrsjiiri,  CEurres,  ^J. 
imp.  ii.  676),  he  recognised  that  the  whole  of  the  oxygen  which  disappeannl  during 
respiration,  did  not  return  in  the  form  of  carbonic  acid;  and  wliile  admitting  the  pos- 
sibility of  the  misbing  {Kjrtion  having  "conil lined  with  the  blood/*  thought  it  murb 
prol fable  that  it  unitttl  with  hydrogen  in  the  lungs  to  form  water.  He  hud  by  this 
time  definitively  adopted  the  th>-ory  tliat  the  formation  of  carbonic  acid  took  placft  in 
the  lungs, and  in  a  memoir  publibhctl  in  1790  (/V/ luUr  Mimoirf  surla  Transpiration  dt$ 
Aniffiaux,  par  SiKjuin  et  Lavoisier,  (£uvn>s,  6d.  imp.  ii.  708),  he  gives  the  fullowins; 
account  of  his  views  on  the  subject.  There  is  continually  transuding  from  the  blood 
through  the  pulmonary  membranes  into  the  air-tubes,  a  humour  which  is  principally 
composed  of  carlxm  and  hydrogen.  This  humour,  issuing  from  the  minute  exhabmt 
vessi-ls  of  the  lungs  in  a  state  of  very  finediviifion,  unites  with  the  oxygen  in  contact  with 
it,  and  is  thus  converted  into  water  and  carbonic  acid.  The  carbonic  acid  ia  driven  out 
by  the  action  of  the  lungs  while  the  accompanying  water  (water  of  respiration),  together 
with  the  water  which  transudes  into  the  air-tubes  along  with  the  hydrocairbonotts 
respiratory  material  (water  of  pulmonary  transpiration)  is  carried  off  in  the  form  of 
Ta])Our  by  the  heated  air  of  the  lungs. 

The  difficulty  felt  in  supposing  that,  while  the  whole  body  is  nearly  of  the  same 
temperature,  combustion  takis  place  in  one  spot  only,  to  vrit  the  lungs,  was  met  by 
Lavoisier  and  La  Place  with  the  reflection  that  the  rapidity  of  the  circulation,  the 
evaix)ration  by  the  lungs,  and  an  augmentation  of  the  capacity  for  heat  in  decarbonised 
blood  (theory  of  Crawford),  were  sufficient  to  account  for  the  phenomena.  Lagrange 
however,  dissatisfied  with  this  explanation,  put  forward  through  Hass en fratx  the 
theory  (which  Lavoisier  had  discarded)  that  oxygen  was  al>Borbed  into  the  blood,  and, 
during  the  course  of  the  circulation,  combined  with  the  carbon  and  hydrogen  of  that 
fluid,  giving  rise  to  carbonic  acid  and  water,  which  were  in  turn  exhaled  through  the 
lungs.  Lagrange  supported  his  views  by  no  facts  or  experiments,  and  they  did  not 
meet  with  any  general  acceptance. 

In  1799  IT.  Davy  (Betldoe's  Me<l.  Contrib,  p.  128)  published  a  theory  that  in  the 
act  of  respiration,  phosoxjtren,  as  he  called  it,  combiueil  with  venous  blood,  while  at 
the  same  time  "carbonic  acid  and  water  were  liberated,  either  by  the  increase  of  tem- 
perature, or  from  the  superior  affinity  of  phosoxygen  for  venous  blood."  He  waa  able 
to  obtain  a  small  quantity  of  carbonic  acid  from  vi-nous.  and  a  very  amall  quantity  oi 
oxygen  from  arterial  blood.  In  1800,  howevt-r  {lietftat-chrg^  p.  447),  he  had  abandoned 
his  phosoxygen  theory,  and  eml.>raced  the  views  of  I^voisier,  though  he  was  led,  by  hii 
experimenta  on  the  respiration  of  hydrogen  and  nitrous  oxide,  to  believe  that  some  at 
least  of  the  carbonic  acid  of  expired  air  did  not  arise  direi'tly  from  a  combustion  of 
carl)on  in  the  lungs,  but  pre-existed  in  venous  blood,  and  transpired  from  it  through 
the  coats  of  the  minute  bloodvessels. 

Spallanzani  {Memoira  on  liejipiration^  by  S<»nnebier)  in  the  course  of  soma 
expi^riments  which  were  not  pu])li^he<l  until  1803,  found  that  snails  placed  in  an 
atmosphere  of  pure  hydrogen,  still  continued  for  some  time  to  give  off  carbonic  acid, 
which  in  this  case  could  not  luive  arisen  from  any  direct  combustion  of  carbon.  Singu- 
larly enough,  he  explained  this  fact  by  supposing  that  carbonic  acid  was  generated  by 
the  food  in  the  stomach,  entered  thence  into  the  blood,  and  so  made  its  way  through 
the  skin  and  lungs. 

These  observations  of  Davy  and  Spallanzani  were  overlooked  by  physiologists,  until 
W.  F.  Edwards  {Infi^tem-e  of  Ph/sUal  Age)Us  on  Life,  by  Hodgkin,  p.'226),  showed  in 
1823  that  frogs,  fish,  and  infant  mammalia,  when  placed  injTh  atuio!«phcre of  hydrogen, 
exhaled  a  quantity  of  carbonic  acid,  far  too  groat  to  be  accounted  for  by  the  consump- 
tion of  tlje  small  amount  of  oxygen  still  remaining  in  the  lungs  of  the  animals  at  the 
moment  of  their  being  removed  from  atmcispiieric  air. 

About  this  time,  and  for  some  years  aftei-wards,  there  maybe  said  to  have  been 
three  main  theories  of  respirjition  adopt«cl  or  discussed  by  physiologists.  There  was 
the  th«»ry  of  Ixivoisier,  either  in  tlie  actual  form  in  wldch  he  enunciated  it,  or  that 
modificaliouof  it  which  was  more  generally  received  in  England — viz.,  that  the  hydto- 
.-'arlwuiouM  material  which  sufficed  coml»n.-.tion  in  the  lungs  ^Tts  not  secreted  as  such 
into  the  .lir-vesicles,  but  wiu*  oxidisetl  while  t^till  in  the  venous  blood  by  means  of  the 
pnssa-o  uf  air  or  oxygen  through  the  coats  of  the  bloodvessels.  This,  which  might  be 
ealle'l  the  "combustj'on  "  theory,  obtained  by  far  the  greatest  amount  of  support,  and 
indeed  mnj  stlh  he  found  in  books  of  the  present  day.     Another  opinion  wms  that 
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c»pTAri«^  between  the  arterial  blood  and  the  tissnes.  In  eaeh  eaie  the  csaet  poiiut  mt 
vhic'i  eqaiiibriom  is  established  will  depend  on  the  HO-called  "  abflorpiicm-eoemcieiit  * 
of  bl«>'jd  for  oxvg'-n  and  carbonic  acid  rt*ptHrtively. 

Bt* forff  lonif/hiiweyer,  it  bc^n  to  U*  seen  that  this  view  was  -open  to  manj  objection. 
Li<*big.  in  bis  Chemical  Lt  iters  (by  Gregoiy,  3rd  ed.  p.  332),  Btronglj  adTOcated  tht 
ojiiuion  that  the  cun^lition  of  the  gnater  part  of  the  oxygen  in  the  blood  ma  one  noi 
of  fimple  physical  al^sorption,  but  of  chemical  combination — a  combimitioiiy  howercr, 
BO  Kxn'e  that  it  was  capable  of  being  disturl^cd  by  the  action  of  indifferent  gmsei  or  of 
the  yacnnm.  In  support  of  his  view,  he  drew  attention  to  an  analogous  cumbination 
b«>tween  cirbonic  acid  and  aqueous  solutions  of  phosphate  of  sodium,  cited  the  experi- 
ments of  Kegnault  and  Kei^et,  which  shuwtHl  that  in  an  atmosphere  of  pure  oxygen, 
animftls  couHum*^  the  ^ame  amount  of  that  gas  as  when  breathing  ordioaiy  air,  and 
inntanced  the  fact  tliat  in  hi^h  rt'tnons,  whe n*  the  absolute  quantity  oi  oixygcn  takes 
into  the  chest  at  a  breath  is  only  tilx>ut  two-thirds  of  that  taken  in  at  the  sea-lerel, 
the  yital  proc«^«<«>M  do  not  Hutfer  any  marknl  changett,  such  aa  would  certminlj  toilaw 
yariations  in  thf  quantity  of  oxyiren  Hb£»orbod.  He,  morcoyer,  pointed  oat  the  neees- 
S'ty  for  accurately  determining  the  ab^iorpt ion-coefficients  of  blood  for  its  gases.  TUs 
was  afterwanls  attem].te<l  by  Lot  ha  r  Meyer,  Fernet,  and  others,  whose  inTst- 
tigations,  while  they  may  be  considcn-d  to  haye  explained  the  entrance  of  oxygen  into 
the  blood,  haye  left  the  question  of  the  exit  of  carbonic  acid  still  somewhat  imsettled. 

Af^sorption  of  Oxygen. 

L.  Meyer  (for  whose  fiinires  see  yol.  i.  p.  606,  yol.  ii.  p.  803)  found  that  when  blood 
was  expfiMtf^l  to  oxygen  at  yarious  preshtircs,  tlie  qiuintity  of  that  gas  taken  np  mig^ 
be  rcgardefl  as  consisting  of  two  portions,  one  following  the  law  of  pressures,  the 
oth*rr  wholly  independent  of  pressure.  The  former  howcyer,  in  respect  to  which  blood 
diff«:re4l  yery  little  from  water,  was  found  to  be  so  small  comparod  with  the  latter 
that  the  increments  of  absor|>tion  due  to  increments  of  pressure  were  almost  coyered 
by  errors  of  o1js«;ryation.  He  accordingly  drew  the  conclusion  that  oxygen  was 
cnemically  combined  with  the  blood  during  the  passage  through  the  lungs,  though  in 
Fo  loose  a  fashion  tliat  it  could  be  driven  off  again  by  the  action  of  indifferent  gases, 
or  of  the  yacuum  assiste<I  by  heat.  Fernet  (Ann.  Se.  Nat.  [iy.]  yiii.  p.  12o)  arriyed 
fit  the  same  conclusion,  and  morfovor  pointed  out  tliat  this  special  affinity  for  oxygen 
wan  \iti%hi:*i%(A  not  by  th<'  serum  or  plasuia,  but  by  the  red  oorpuscK^.  Thus  the  proper 
ab!Wif7ition-c<>efl[icient  of  VilrKxl  for  oxygen  was  found  to  be  '0288  at  16^,  of  senun  *0288 
at  16*8^  (tli«;  absorption-coefficient  of  water  atl6°for  oxygen  beins'02949);  whilelyoL 
\tWA  chemically  combined  with  '0058  yol.,  and  1  vol.  serum  with  '00117  ToL  oxygm 
at  the  same  temperature.  Neither  Meyer  nor  Fernet,  however,  were  able  to  obtain  firum 
arterial  l^lcod,  by  means  of  the  yacimm,  as  much  oxygen  as  was  absorbed  by  Tenons 
\>\*ttA  when  agitatofi  in  an  atmosphere  of  that  gas.  But  thif:  difficulty  was  remoyed  by 
SetNchenow  (Wien.  Akad:  Ber:  xxxvi.  p.  293),  who,  using  a  much  larger  Taeuom, 
was  enableid  to  driye  off  from  blofxl  much  larger  quantities  of  oxygen  (see  table  below). 
Thi;  affinity  for  oxygen  {K^sessofl  by  blood  was  also  shown  by  the  experiments  of 
W.  Miiller  (Ann.  Ch.  Pharm.  cviii.  p.  257),  who  found  that  animals  (raubits),  made 
to  breathe  a  limited  amount  of  oxygen,  consumed  the  whole  of  it,  proyided  that  the 
quantity  placfKl  at  their  disposal  di(l  not  excised  150 — 200  cc.  The  same  obserrer 
aHcrtsiinfMl  that  the  residual  air  in  lungs  of  asphyxiated  animals  contained  a  trace  only 
of  oxygen,  a  fact  which  was  corroborattMl  by  Sctschenow,  and  is  directly  opposed  to 
the  th»»ory  that  the  al>sorption  of  oxygen  takes  place  according  to  pressure. 

The  benariour  of  blood  towards  carbonic  oxide  has  been  iV>und  to  illustrate  the  chemi- 
cal nature  of  the  process  of  absorption  (Bernard,  Lecons,  Subst.  Toxiq.  1867,  p.  167f; 
L.  Meyer;  Hoppe,Vireh.  Arch.  xi.  288).  Blood,  when  agitated  with  or  treated  with 
a  stsifam  of  carbonic  oxide,  becomes  of  a  peculiar  bright  rwl  coloui^  and  is  found,  not 
only  to  haye  given  off  its  oxygen,  but  to  haye  become  incapable  of  absorbing  that  gas. 
It  has  lost  the  property  of  becoming  arterialised.  There  is  reason  to  beliere  that 
carbonic  oxide  has  a  stronger  affinity  than  oxygen  for  the  hicmoglobin  or  red  colouring- 
matter  of  the  blood,  and  forms  with  it  a  more  stable  compound  (see  below). 
Nawrocki  (Henle  u.  Meissncr,  1803,  p.  298)  finds  that  the  amount  of  oxygen  driyen 
off  by  a  stream  of  carl)onic  oxide  tallies  extremely  well  with  that  obtained  by  means 
of  the  mercurial  yacunm,  and  it  has  been  adopted  by  some  subsequent  oDseryezs 
(Bernard,  Estor  et  Saintpierre)  as  a  metho(l  of  estimating  the  amount  of  oxygen 
in  blood. 

A  still  further  adyanre  has  been  made  by  the  optical  studies  of  Hoppe-Seyler 
(Virch.  Arch,  xxxiii.  446,  xxix.  233  and  597;  Med.  Centralbl.  1864,  p.  817;  Handb. 
Chem.  Anal.  p.  201)  and  Stokes  (Proc.  Roy.  Soc.  xiii.  355).  The  red  corpuscles  of 
vertebrate  animals  consist  for  the  most  part  of  a  substance  which  has  been  called 
h/Bmatocrystallin  or  heptnat^'fffohuHn,  or  shorter  Juemoglohin  (Hoppe)  or  cruorin 
(Stokes),  and  which  may  often  be  obtained  in  a  crystadline  form.     When  tolerably 
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ordinary  air  (Hegnault  and  Reieet).  NeyertheleaSy  many  obaerms  haiwm  from  tine 
tu  time  described  aa  effF^cii  of  breathing  pure  ozycen,  symptoms  whicb  have  bees 
interpreted  as  indicative  of  increased  oxidation,  which  can  naraly  be  ocmaidez«d  as  doe 
loan  augmentation  of  that  fraction  of  oxyscn  which  is  really  physically  abflocbed,  sad 
which  have  not  been  otherwise  dearly  explained. 

Exhalation  of  Carbonic  Acid, 

Ik  Meyer  (op.  eit.),  by  exposing  blood  to  carbonic  add  st  ywnooB  pnssne^ 
fuuml  that  the  quantity  of  that  gus  absorbed  might  be  divided  into  two  portioii^ 
one  ol/edient  to  and  the  other  independent  of  the  law  of  pressures.  The  absocp- 
tion  of  carbonic  acid  differed  notably  from  that  of  oxygen,  inasmuch  as  the  portiai 
fJlowing  the  Inw  of  pressures  wiis  much  larger  than  that  which  was  independent 
TIiuM  at  1 1° — 12^  the  furm«'r  per  vul.  blood  was,  measured  at  0^  and  '76  met.,  1*161,  the 
hxttfT  'C30.  Sincre  blood  contains  carl)onate  and  phosphate  of  sodium,  and  sines 
nfii}t^'.i9  BolutioiiK  of  these  traits  possess  the  power  of  holding,  in  loose  oomlnnBtion,  a 
(,u:iijtiry  of  rarUmic  acid  over  and  abov^  that  due  to  simple  physical  abaorption,  it 
h:ul  l^n  suggr'hted  that  the  absorption  of  carbonic  acid  by  blood  mig^t  bear  sooM 
r>-lation  to  these  saline  constituents.  Fernet  accordingly  (op,  cit.)  studied  ^ 
liehavinur  towards  carbonic  acid  of  aqueous  solutions  of  these  salts,  taking  the  aTengs 
o<;mp<>sition  of  bloofl  as  a  standard.  He  found  that  on  the  one  hand  they  absorbed  a 
quantity  of  carbf^nic  acid  according  to  the  law  of  pressuri'S  (and  in  this  respsct 
]ifjHsessed  absorption-coefficients  diff«'ring  very  slightly  from  that  of  water) ;  while  on 
the  other  hand  the  solution  of  carbonate  of  sodium  absorbed,  independently  of  piessiue^ 
a  quantity  of  carbonic  acid  sufficient  to  convert  the  simple  carbonate  into  biearbonstsb 
and  the  solution  of  phosphate  of  sodium  similarly  absorbed  a  quantity  at  the  rate  of 
two  equivalents  of  carbonic  acid  to  each  equivalent  of  the  salt.  (According  to  xeont 
researches  of  Heidenhain  and  Meyer,  Stud.  BresL  ii.  103,  Femet's  results 
require  some  corrections).  He  moreover  found  that  blood  behaved  in  respect  to  the 
al^Horf>tion  of  carbonic  acid  almost  exactly  as  if  it  were  a  mere  aqueous  solution  ni  the 
saline  constituents  in  their  proper  proportions ;  neither  the  corpuscles  nor  the  <wgM»Vy 
substances  of  the  serum  had  any  marked  share  in  the  matter. 

By  submitting  blood  to  the  action  of  a  vacuum  and  moderate  heat,  Meyer  obtained 
only  small  quantities  of  carbonic  acid ;  by  far  the  greater  part  of  the  total  amount  eon- 
lained  in  the  blood  could  not  be  driven  off*  unless  acids  were  employed.  Setschenow, 
however  (op.  cit.),  by  the  help  of  his  larger  vacuum,  gained  much  larger  quantities 
without  using  any  acids.  His  results,  together  with  those  of  some  subsequent  observen, 
arc  given  in  the  foUowing  table,  where  "  loose "  carbonic  acid  means  that  which  is 
given  off'to  a  vacuum,  and  comprises  both  that  which  is  physically  absorbed,  and  that 
which  is  retxiined  by  the  carbonate  and  phosphate  of  sodium,  wnile  "  fixed  * 
that  which  is  driven  off*  by  the  use  of  acids  : — 
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Absorption  and  Exhalatum  of  JS'Urogtn. 

The  qnantity  of  nitrogen  in  blood  is  very  small,  and  the  obeemdont  with  nnid 
to  its  being  absorbed  or  exhaled  by  the  lung<i  have  b(>en  remarkably  disoonuiit. 
Fernet  {op,  cU.)  found  the  absorption-cuofficient  of  serum  for  nitrogen  to  be  neArly 
exactly  that  of  an  aqueous  solution  of  its  saline  constituents  in  their  proper  propor- 
tions, that  is  to  say,  a  little  less  than  that  of  water  (at  16°  3'  serum,  ^0141,  At  16^ 
water  '01478).  Setuchenow  (op.  citX  on  the  other  hand,  obtained  for  blood  ae  a 
whole  a  higher  absorption -coefBoicnt  than  that  of  water,  and  therefore  coneluded  that 
the  blood-corpusdus  are  able  chcmieally  to  combine  with  a  small  quantity  of  nitrpgan. 

Qualities  of  Respiratory  Oxygen, 

Schonbein  and  His  remarked  that  the  red  corpuscles  of  the  blood  acted  like 
finely-divided  platinum,  &c.,  upon  a  mixture  of  tincture  of  guaiaeum  with  pcnxzide  of 
bydioceu,  ozonised  turpentine,  ether,  &;c.,  in  producing  a  deep  blue  coloor.  Yariooa 
animiu  substances  possess  this  property  in  a  greater  or  less  degree,  but  none  approach 
the  red  corpuscles,  or  rather  the  colourins-matter  of  the  red  corpuscles,  in  intensity  of 
efiect.  The  presence  of  red  corpuscles  luso  vastly  augments  the  rapidi^  with  idiich  a 
solution  of  indigo  is  decolorised  and  hydriodic  acid  decomposed  by  peroxiae  of  hydrogen, 
ozonised  turpentine,  &c.  Those  observers  were  unable  to  produce  any  oxidative 
action  on  guaiaeum  with  blood,  unless  one  of  the  so-called  ozone-bearers  were  present. 
A.  Schmidt  (Ueher  Ozon  im.  Blute^  1862),  however,  has  shown  that,  under  certain  pre- 
cautions, blood  by  itself  will  turn  p:uaiacum  blue.  If  a  strip  of  paper  be  dipped  in 
tincture  of  guaiaeum  (1  pt.  gum  to  6  of  80  per  cent,  alcohol)  anddne^  a  drop  of  dilate 
blood  or  of  dilute  solution  of  h.'emo^rlobin  placed  on  it  will  give  an  intense  olue  ring. 
No  other  substance  in  the  animal  bo<ly  is  able  to  produce  this  effect.  A  similar  process 
of  oxidation  may  with  care  be  witnessed  when  h^-driodic  acid  or  an  indigo  solnti<m 
is  treated  with  blood.  Bloo<l,  or  a  solution  of  haemoglobin,  will  also  decompose 
peroxide  of  hjdrc^en  with  an  energetic  evolution  of  oxygen;  and  will  deeompose 
sulphydric  acid  with  precipitation  of  sulphur.  According  to  the  ozone  theory,  there- 
fore, oxy^n  in  combination  with  hsemoglobin  is  that  form  or  kind  which  is  called 
ozone.  The  oxygen,  however,  which  is  driven  off  from  blood  by  the  passage  of  a 
stream  of  other  gases,  gives  none  of  the  reactions  of  ozone,  and  blood  entirely 
deprived  of  its  oxygen  by  carbonic  oxide  still  gives  the  reaction  with  guaiaeum ;  this 
reaction,  however,  Cfascs  to  be  maniftMsted  when  the  experiment  is  conducted  with  total 
exclusion  of  atmospheric  air.  Hfemoglobin  therefore,  in  addition  to  its  power  of  abeorbing 
oxygen  and  of  transferring  it  in  an  active  Ktate  to  other  bodies,  is  able,  like  finely- 
divided  platinum,  to  intennify  the  action  of  oxygen,  or,  according  to  the  ozone  theoxr,  to 
ozonise  oxy^n,  without  attaching  the  oxygen  to  itself.  (K  iihne  and  Scholz^  Vizdi. 
Areh.  xxziii.  p.  96.) 

Place  of  Oxidation, 
It  has  not  as  yet  been  decided  whether  the  oxidations  for  which  the  oxygen  of  the 
blood  is  destined,  take  place  in  the  blood  only,  or  in  the  tisfoies  only,  or  in  both. 
On  the  one  hand,  we  know  that  muscular  and,  probably,  all  other  tissues  oontinne  to 
respire,  as  it  is  said  (that  is,  to  absorb  oxygen  and  produce  carbonic  acid),  even  iHion 
totally  deprived  of  blood ;  and  sctions  prolMibly  requiring  oxygen,  muse^kr  contrae- 
tinns,  for  example,  take  place  when  the  blood  contains  no  oxvgen  at  all,  as  in  asphyxia 
(Setschenow).  On  the  other  hand,  the  oxpcrinients  of  liar  ley  (Proc.  Roy.  Soc. 
viii.  p.  78;  xiii.  p.  167)  show  that  blood  itself  removed  from  the  body  will  continue 
to  absorb  oxygen  and  exlialo  carbonic  acid,  and  that  this  "  respiration  *  is  affected  by 
various  physical  and  chemical  agents.  Sachs,  too  (Arch.  Anut.  Phys.  1868  p.  346), 
finds  that,  after  removal  from  the  body,  blood  secluded  from  air  gains  in  carbonic  add 
(both  loose^  and  fixed)  and  loses  oxygen,  but  his  experiments  arc  open  to  objections. 
Nawrocki  also  arrives  at  the  same  result  (op.  cit.).  Estor  and  Saintpierre 
(Robin^s  Jour.  ii.  302)  find  that  the  oxygen  of  arterial  blood  (determined  by  the 
carbonic  oxide  method)  diminishes  the  farther  the  arteiy  is  situate  from  the  Inngs. 
Thus  for  100  vols,  they  found  in  the  carotid  artery  21-06,  in  the  renal  18-22,  inUie 
splenic  14*38,  in  the  crural  7  62  vols,  of  oxygen.  They  argue  that  oxidations  of  respi- 
ration take  pliice  exclusively  in  the  blood  and  are  most  active  in  the  arterial  system. 
Yet  the  capability  of  the  blood  for  oxidising  oxidisable  substsinces  directly  izneeted 
into  it  seems  veiy  limited. 

Qualities  of  Expired  Air, 
1.  Volume.--The  volume  of  air  given  out  by  an  expiration  is  found  to  he  less 
than  that  taken  in  by  a  corres]ionding  inspiration,  when  both  aro  dried  and  measured 
at  the  same  tnip^rature.  This  difference,  due  to  the  fact  that  the  whole  of  the 
oxygen  absorbeil  does  not  reappear  in  the  carlKjuic  arid  exlia]e<l.  is  variable,  but  may 
be  said  to  amount  on  the  average  to  ,»„  or  5^5  of  the  total  volume. 
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2.  Temperature. — The  temperotore  of  expired  air  naturally  approaches  that  of 
the  lungs,  the  exact  degree  depending  on  the  relation  of  tbe  temperature  of  the 
atmosphein  to  that  of  the  blood,  on  the  mode  and  rate  of  breathing,  the  extent  and 
duration  of  the  breath,  &c.  According  to  Valentin  and  Brunner,  it  is  29*8°  for  a 
•urrounding  temperature  of  63®,  87-25°  for  19'6^,  381°  for  41*9°.  For  22®,  Orphan  t 
(Robin's  Journal,  i.  p.  523)  puts  it  at  35'3^  when  inspiration  is  made  through  the  nose, 
33'9®  when  through  the  mouth. 

3.  Moisture. — The  air  as  it  returns  from  the  lungs  is  laden  with  watery  vapour; 
saturated,  for  its  own  temperature,  according  to  Valentin,  not  much  more  than  half 
saturated  according  to  others  (M  oleschott).  Gr^hant  states  that  it  is  saturated  for 
85®.  E.  S  m  i  t  h  (Phil.  Trans.  1852)  found  it  during  fasting  to  be  little  more  than  half 
saturated.  The  total  quantity  of  water  contained  in  the  air  expired  by  the  human 
body  during  24  hours  haa  been  estimated  at  385 — 773  grms.  (Valentin),  557 
grms.  Gr^hant.  The  total  quantity  of  water  passing  away  within  the  24  hours 
from  the  human  bod}',  as  aqueous  yapour  of  expired  air,  varies  greatly,  being  a£fected 
by  the  temperature  of  the  atmosphere  and  of  the  body,  by  atmospheric  humidity 
and  pressure,  condition  of  the  organism,  &c. 

4.  Oxygen  and  carbonic  acid. — The  decrease  of  the  oxygen  and  the  increase  of 
the  carbonic  acid  is  shown  by  the  following  average  composition  of  100  volumes  of — 


Oxygen. 

Nitrofen. 

Carbonic  acid, 

Atmospheric  air 

20-81 

7915 

•04 

Expired  air 

16038 

79-557 

4-380. 

In  rough  numbers,  air  may  be  said  to  lose  firom  4  to  6  per  cent  of  its  oxygen  and  to 
gain  iiom  8  to  4  per  cent  of  carbonic  acid  by  being  breathed.  For  further  details  see 
below. 

5.  Nitrogen. — ^W.  Edwards  found  an  exhalation  of  nitrogen  in  warm  weather, 
an  absorption  in  cold.  Hegnault  and  Reiset  (Ann.  Ch.  Fhys.  1849,  [3],  xxvi. 
82)  concluded  from  their  experiments  that  warm-blooded  animals,  living  on  an  ordi- 
nary diet,  constantly  exhaled  a  small  quantity  of  nitrogen,  whidi  was  never  greater 
and  often  much  less  than  ^^  of  the  total  weight  of  oxygen  consumed.  In  fh^,  the 
amount  either  exhaled  or  absorbed  was  too  small  to  be  appreciated.  In  fishes  Hum- 
boldt and  Provencal  remarked  a  constant  absorption  of  nitrogen.  An  exhalation 
of  nitrogen  is  constantly  observed  in  animals  breathing  an  atmosphere  free 
from  that  gas,  and  W.  Mil  Her  (op,  cit,)  observed  an  exhalation  of  nitrogen 
when  rabbits  were  made  to  breathe  a  limited  amount  of  air.  More  recently  Reiset 
(Ann.  Ch.  Phys.  [3]  Ixix.  p.  129)  found  that  sheep  exhaled  from  5 — 8  grms., 
calves  from  6—7  grms.,  pigs  about  1  grm.,  and  turkeys  2  grms.  in  the  24  hours.  In 
these  experiments,  as  in  the  earlier  ones  of  Regnault  and  Reiset,  the  respiration  of 
the  whole  animal  and  not  of  the  lungs  only  was  studied,  and  it  is  possible  that  some 
of  the  animals  parted,  during  their  stay  in  the  respiratory  chamber,  with  some  of  the 
nitrogen  contained  in  their  intestines  before  the  beginning  of  the  experiment.  The 
cailculations  of  Boussingault  and  Barral  led  them  to  think  that  a  very  large 
amount  of  nitrogen  passed  from  the  body  through  the  skins  and  lun^,  but  such  a 
coneluKion  w  most  probably  erroneous  (seeNurnmoN).  Pettenkofer  indeed  argues 
that  Reiset' 8  results  are  wholly  mistakes,  and  that  the  amount  of  nitrogen  exhaled 
or  absorbed  by  the  lungs  is  too  small  to  be  appreciated. 

6.  Ammonia. — The  presence  of  ammonia  in  the  breath  has  been  affirmed  by 
many  observers.  Thiry  (Zeitschr.  Rat.  Med.  xvii.  p.  166)  has  shown  that  it  can  hd 
detected  in  expired  air  taken  directly  from  the  trachea  (so  as  to  exclude  the  fluids  of  the 
n  outh  as  a  possible  source^  when  the  inspired  air  had  been  carefully  freed  from  it. 
Regnault  and  Reiset  failed  to  assure  themselves  of  its  presence  in  expired  air. 
Grouven  (Fiittemngs-Versuche,  p.  232)  has  obtained  the  following  quantities  (in 
grms.),  the  mean  being  about  *1  grm.  in  the  24  hours  for  100  kilos,  of  body-weight, 
when  animals  were  placed  in  a  '* respiration  chamber:'' 

Han.  Boy.         Fat  Ox.       SUrved  Ox.       Am.  Dog.  Pig. 

Per  diem  '0488        '0343        '7218        -0958        -2514        -0398        -2026 

^^'  r^diem^' {'^^^  -0910        -1146         -0198         -1344         -1326         -1842 

Young  animals  give  out  proportionally  more  ammonia  than  old,  small  more  than 
large,  fat  more  than  lean. 

Los  sen  (2^itschrf.  BioL  i.  207)  places  the  quantity  for  man  in  24  hours  at  *0140 
grm. 

7.  Hydrogen  and  Marsh-gas. — These  gases  were  observed  by  Regnault  and 
RtyM?t,  by  Reiset.,  and  b^  Pettenkofer,  in  the  air  of  the  respiration  chamber.  They 
probably  came  firom  the  mtestines.    (See  p.  92.) 
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8.  Other  tabttancAi. — Br«idf«  the  abore-dMcrih«d  chief  ipgredMDtfl  of  coipind 
air,  it  is  protabl«  that  tht^rt  «re  alsto  minnti:  quantities  of  perhaps  mmnj  other  boaici* 
find  th«-r«  an  many  reas<>as  for  thinking  that  thesv  minat«  qnantitMS  mn  not  witbost 
imwfTtMVL&t.  ( S<>e'p.  96,  on  the  efTects  of  impure  air).  Their  exact  natiixe  ia  at  pinml 
nnanovn.  Wied'^rhold  (Hf-nleu.  M^iatner  Berieht.  1858.  p.  316)  atatca  tbmt  he  had 
d^ff^t^rd  in  the  Ci^ncit* nin^l  ^*i]!^*^  ^^  expired  iiir,  chloride  of  flodiimi,  uio  add,  and 
urates  of  •<o'la  anil  amnunia :  The  fluid  obtained  bj  condenaing  the  TSponta  of  cspiia- 
tion  rapidly  putrefies. 

CutanffU*  R'tpiratUm. — In  man  and  the  higher  animala  %  ali^t  interduuiip 
between  the  gases  of  the  blood  and  the  atmoephc-re  takea  place  through  the  akm. 
Th«7e  ia  an  exhalation  of  carbonic  acid,  and  probably  an  abaorption  of  ooijgen.  Ihs 
following  table  ia  by  S  char  ling  (from  Gomp-Bcsanei): — 

CsriMoie  add  la  i 


Bodjr.wdght 
la  kilos. 

9}  years 
16       ,. 

.     220 
.     67-75 

28       .. 

.     82- 

10       ., 

.     23 

19       ,. 

•     •     • 

iij  lung  and  tUa  Vy  skta  Ib 

In  1  hnor.  J  boor. 


Boy  9}  years         .     220  20338  0*181 

Youth      16       ..  .     67-75  34280  0-181 


Miin        28       »  .    82*  86*623  0*373 

Giri  10       „  .     23  19162  0-124 

Woman   19       „  ...  .    .  0-273 

When  Regnanit  and  Reiset  examined  the  prodocta  of  cntaneona  Kspimtian  hj 
placing  an  animal  in  a  bag  with  the  head  free,  and  paaaing  a  current  of  air  throng^  the 
bag,  they  obtained  the  foflowing  results : — 

Tots!  qoortiCT  of  caftaBle  acM  la 


DuratUm  gnat.  duriBK  tnae  of  »aa. 

Wdgbt.                     of  cap.  Bf  ikia  onlj.  nj  skin  aod  li^ 

Fowl    .                 .     1940  grms.            8h.40m.  -336             18-62 

7h.  30m.  -076             161S 

8h.  45m.  '164             18*70 


If       .        .        •        tf 


Rabbit  .  .  2425  ,,               8h.  15m.  -858  20*63 

„  .  .  ,1  7h.  45m.  -197  19*38 

iKig      .  .  .  4159  „               7h.  60m.  -136  89-16 

.  .  .  „  8h.30m.  -176  42-60 

When  the  animal  (with  head  free)  was  placed  in  a  dosed  bag  for  same  honn.  an 
examination  of  the  air  of  the  bag  at  the  end  of  the  experiment  gaTC  the  following 
r««alta: — 

Length  of  time.  In  100  Tota.  of  air  of  baa. 

CO»  O.  H. 

Fowlasabore       •        .    8h.  -27  20*76  78-97 

Rabbit      „  .        .    8h.  -36  20*55  79-09 

Hog         „  .        .    8h.  10m.       -29  20*67  79*04 

Among  the  lower  animals  the  skin  takes  a  much  larger  share  in  the  graend  reapinh 
tion.  Thus  frogB»  which  ani^jured  were  consuming  oxygen  at  the  rate  <tf  -063  (bi$) 
•OH'J,  '103,  '05  grms.  per  kilo,  per  hour,  continued  to  consume  at  the  rata  -047.  '063^ 
aff^r  th'-ir  lungs  had  been  cut  away;  that  is  to  say,  they  respired  neariyaa  wall  without 
th<-ir  lungs  as  with  them. 

InUMtinal  R*nfiratitm. — Planer  (Wien.  Akad.  Ber.  xlii.  p.  307)  foond  the  intestinal 
^Am'%  of  a  dog  (Llled  a  few  hours  after  food)  to  hare  the  following  percentage  eompo- 
sition :— 


C. 

N. 

o. 

H. 

8B«. 

K«d  on  Meat    Oas  of  Stomach 

.    25-20 

68*68 

612 

„                „    Small  Intestine 

.     40*1 

45*52 

trace? 

18*86 

,,                 „    Large  Intestine 

.     7419 

23-0 

0-63 

1*41 

•77 

Fed  on  Pulse      ,,    Stomach    . 

.     32-91 

66*30 

•79 

„                „    Small  Intestine 

.     47-34 

3*97 

•    . 

48*69 

► 

,,                „    Lnzge  Intestine 

.     6513 

6-9 

•    • 

28*97 

Ruge  (Wien.  Akad.  Ber.  xlir.  p.  739)  found/a^iM 

of  man 

,  obtained 

per  rectum,  to  be 

as  follows,  in  7  experiments  on  3  persons : — 

A. 

B. 

C 

Carbonic  add    .     1494        40'51 

21*86        12-77 

21*59 

64*12 

11*87 

Nitrogen   .        .     4/)-31         17'50 

44*42         43-10 

41-82 

22-45 

40*69 

iMarsb-gas          .     3975         1977 

32-93         44-13 

17-52 

8-67 

47*44 

Ilydrogon.         .     .      .          22*22 

0*79 

■ 

19-07 

14*76 

with  traces  only,  and  that  not  always,  of  sulphuretted  hydrogen. 
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The  nitrogen  in  those  cas«^  was  probably  due  to  air  which  had  been  swallowed,  and 
which  had  lost  its  oxygen  chiefly  within  the  stomach.  The  intestines  are  probably  the 
source  of  the  marsh-gas  and  hydrogen  met  with  when  the  respiration  of  the  whole  body 
has  been  examined.  Reiset  (op.  cit.)  found  in  sheep  and  calves  as  much  as  1  to  2 
litres  of  marsh-gas  exhaled  per  hour,  while  pigs  gave  only  *134,  '097  litres  of  marsh- 
gas,  and  '628  litres  hydrogen  per  hour. 

It  may  seem  extravagant  to  speak  thus  of  an  intestinal  respiration,  yet  in  some 
animals  this  is  really  an  important  function.  Thus  the  loach  {Cobitis  fosnilis)  ia in  the 
habit  of  rising  to  the  surface  of  water,  where  it  swallows  air.  In  descending  it  emita 
from  the  vent  bubbles  of  gas,  which  when  examined  are  found  to  contain  only  from  12 
to  7  per  cent,  of  oxygen,  and  from  1  to  2  per  cent,  of  carbonic  acid.  During  this  process 
of  atmospheric  deglutition,  the  gills  are  temporarily  inactive.  It  appears  that  this 
creature  thus  obtains  a  supply  of  oxygen,  which  being  absorbed  from  the  intestine  is 
consumed  by  the  tissues,  the  carbonic  acid  resulting  being  exhaled  chiefly  by  the  gills 
or  skin,  and  only  to  a  small  extent  by  the  vent     (Baumert,  An.  Ch.  Pharm.  Ixxxiii. 

p.  1.) 

Air-bladder  of  Fishes. — Many  fishes  possess  an  air-bladder  (either  with  or  without  a 

pneumatic  duct),  the  contents  of  which  consist  of  nitrogen,  a  very  small  quantity  of 

oxygen  in  the  case  of  freshwater  fishes,  a  larger  quantity  in  soa-fishcs,  especially  in 

those  dwelling  at  great  depths,  and  a   trace  of  carbonic   acid  (Owen).     Moreau 

(Compt.  rend.  1863,  pp.  37,  816)  finds  in  the  air-bladder  of  the  perch  19—25  percent. 

of  oxygen,  of  the  tench  8  per  cent.,  wholly  disappearing  when  the  fish  is  asphyxiated. 

The  amount  of  carbonic  acid  never  exceeds  3  per  cent.    When  the  air-bladder  of  a 

fish  possessing  a  pneumatic  duct  is  exhausted  by  means  of  the  air-pump,  and  the  animal 

18  replaced  in  water,  the  quantity  of  oxygen  in  the  air-bladder  is  found  in  a  short  time 

to  "be  very  much  increased,  probably  by  difiTusion  from  the  blood.     The  percentage 

may  temporarily  reach  60  or  even  87. 

Eggs. — The  respiration  of  hens'  eggs  has  been  studied  by  Baumgartner  (Henle  n. 

Meissner,  1861,  p.  304).     The  following  table  gives  in  grms.  the  changes  of  24  houm 

on  several  days  of  incubation  of  a  single  egg  (initial  weight  about  66  grms.) : — 


D«7.              LoM  of  weight. 

CO*  exhaled. 

0  abtorbed. 

Water  exhaled. 

1st                       -126 

•009 

•0074 

•123 

6th                    -232 

•016 

•0149 

•230 

10th                    '100 

•060 

•0326 

•082 

16th                    .134 

•290 

•2356 

•079 

20th                    -212 

•66 

•4435 

•096 

2l8t  (hatched) 

1008 

•7317 

Variations  m  the  Quantity  of  Carbonic  Acid  exhaled, 

1.  Dependent  on  the  mode  of  breathing. 

In  a  single  breath  the  air  at  the  beginning  of  an  expiration  is  poorer  in  carbonic 
acid  than  towards  the  close ;  this  difference  disappears  when,  after  completion  of  an 
inspiration,  the  breath  is  held  for  40  seconds  before  commencing  the  expiration. 

Inspiration  having  been  made,  the  longer  the  breath  is  held  before  beginninff  the 
expiration,  the  greater  is  the  percentage  of  carbonic  acid  in  the  expired  air.  Thus, 
with  au  inspiration  of  4660  cc.  and  witn  pauses  between  inspiration  and  expiration  of 
0,  20,  40,  60,  80,  100  seconds  respectively,  the  percentage  or  carbonic  acid  was  found 
by  Becher  to  be  3  6,  6*6,  6*3,  7*2,  7*3,  7*5.  The  increase  of  carbonic  acid  diminishes 
rapidly  with  the  duration  of  the  pause;  and  7*6  or  8  per  cent,  may  be  taken  as  the 
limit  of  the  amount  of  carbonic  acid  present  in  the  deeper  layers  of  the  air  in  the 
lungs. 

During  a  piven  time,  and  for  the  same  rate  of  breathing,  the  deeper  the  breath,  the 
less  is  the  percentage  of  carbonic  acid  in  the  expired  air,  but  the  greater  the  total  quan- 
tity exhaled. 

For  a  constant  depth  of  breath,  the  quicker  the  rate  of  breathing,  the  less  is  the 
percentage,  but  the  greater  the  total  quantity  of  carbonic  acid  exhaled. 

2.  Dependent  on  extrinsic  conditions. 

Temperature. — With  cold-blooded  animals  (frogs),  the  quantity  of  carbonic  acid  ex- 
haled varies  directly  as  the  temperature  (Moleschott,  Untersuch.  ii.  315).  The  same 
law  holds  gr)od  with  mammalia  pa.s9ing  in  or  out  of  the  state  of  hybernation.  With 
warm-blooded  creatures  in  general,  the  amount  of  carbonic  acid  varies  inversely  as  the 
temperature,  when  the  latter  is  neither  too  low  nor  too  high  to  injure  the  economy 
(Letellier  VierordtV  The  observations  of  E.  Smith  (Phil.  Trans.  1859),  on  the 
influence  of  temperature  as  manife^^t-ed  in  the  effects  of  seasons,  while  leading  to  the 
same  conclusion,  show  "  that  there  is  no  ubfolute  relation  between  a  given  temp^'rature 
and  the  quantity  of  carbonic  acid  exhaled.'* 
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PrfMure. — ^The  influence  of  pressure  has  not  been  exactlj  determined.  AeeorSqg 
to  IIcTvier  and  8t.  Lager,  the  quantity  of  carbonic  acid  increases  with  the  atmo- 
Hpberic  presfiura  up  to  773  mm.,  beyond  which  it  decreases.  £.  Smith  obecned  sd 
inverse  rebition  between  prussure  and  carbonic  add,  which  howerer  vaa  Terj  genml 
oolv,  and  subject  to  marked  exceptions. 

Light. — Frogs  exhale  more  carbonic  acid  in  a  Btitmg  than  in  a  veak  light 
(Moleschott.) 

Humidity  of  the  atmosphere  increases  the  qiuintity  of  carbonic  add.    (I<ehmanii.) 

HeoMtnM. — K.  Smith  ol>scrved  that  the  amount  of  carlwnic  add  eapiriwi  began  to 
decline  in  early  June  and  continued  to  do  so  till  September.  In  October  the  amoont 
began  to  rise,  and  continued  to  do  so  with  more  or  less  uniformity  dnrine  the  winter 
mouths.  Spring  is  the  season  of  the  great ef>t  and  autumn  that  of  the  MUt  actirity 
of  the  respiratory  functions.  The  influence  of  seasonal  changes  is  one  that  eannot 
be  explaine<l  solely  by  reference  to  changes  in  temperature  and  barometric  pmmue. 

Chanaes  in  the  nature  of  inspired  air. — When  the  amount  of  carboni  e  acid  in  the 
inspired  air  is  increased  lK«yond  that  proper  to  the  atmosphere,  the  quantity  of  carbonie 
acid  exhaled  is  proportionately  decreased.  W.  Miiller  found  that  when  rabbits  were 
made  to  breathe  a  limited  amount  (15() — 250  cc.)  of  oxygen  they  consumed  the  whole 
of  the  gas.  At  fintt  they  t4x>k  in  the  oxyt^en  and  gave  out  carbonic  add;  bnt  throogh 
the  diminution  of  the  volume  of  the  gas  at  their  dit<posal,  caused  by  the  eonsnmjptioA 
of  oxygen,  the  tension  of  the  carbonic  acid  tlmt  had  been  expired  became  so  mncn  in- 
crease<l  as  after  a  while  to  exceed  the  tension  of  the  carlx>nic  acid  in  the  blood.  Henes 
not  only  the  exhiilatiou  of  carbonic  acid  ceased,  but  that  which  had  been  expired  was 
realf<irl>Hl.  When  the  amount  of  oxyg  en  in  the  inspired  air  is  increased  beyond  that 
proper  to  the  atmos]>here,  no  appreciable  increase  can  be  olmerred  in  the  amonnt  of 
carfx)nic  acid  exhaled  (Repnault  and  Reiset).  When  hydrogen  is  snhstitnted 
for  nitrogen  in  thi;  innpired  air  no  essential  change  in  respiration  takes  place. 

3.  Dc[)endent  on  intrinsic  conditions. 

Focfd :  Abstinence,  Uunp;e  r. — All  observers  agree  in  stating  that  daring  starra- 
tion  the  amount  of  csirbonic  acid  fulls.  In  Bidder  and  Schmidt's  experiments  on 
a  ctiU  which  endured  18  days'  deprivation  of  food,  the  amount  per  diem,  except 
durinpf  tho  flrst  and  last  da3's,  was  n-marknbly  constant  for  each  kilo,  of  body-weight 
(though  for  the  whole  Ixxly  it  gradually  lessened  from  day  to  day).  (See  Nutbitioic.) 
K.  Smith  found,  during  a  24  hours*  ftiMt,  the  carlionic  acid  diminished  about  25  per 
cent  ( 7  jrraius  p<T  minute  instead  of  9*77  graiuH).  The  minimum  was  arrived  at  within 
4  J  hours  after  the  last  menl,  and  from  tluit  point  onward  there  was  no  marked  decrease; 
thuH  indicating  the  i-xistence  of  a  tolerably  uniform  "normal"  or  " basal **  line,  below 
which  the  sj'stem  d'us  not  pass  in  health.  Pettenkofer  and  Voit  found  that  their 
dog  passed  (30  kilos,  circa),  with  1800  gmis.  meat  and  350  grms.  fat,  840*4  grms. 
of  carbonic  add,  but  after  10  days'  fasting  only  289'4  grms.  Ranke,  J.  (Tclanwt, 
p.  234),  weight  70  kilos,  circa,  determinc-<l.  by  means  of  Pettenkofei's  nppnmtus,  the 
total  quantity  of  carbonic  add  exhaled  by  himself  during  24  hours  under  the  following 
circumstances,  to  be : 

imns.  r«r  gnns.  ca 

bunk'  iirid.  bon. 

Starring 6629  1808 

do 663  5  180-9 

Pure  meat  diet  (1832  grms.)   ....         847*5  231*2 

i  150  grms.  fat 

A  diet  of  <  300     „       starch 
(lOO     „       sugar 

Ordinary  mixed  diet         .         .         .         .         .         7911  2157 

^lixfd  diet,  as  much  as  possible  eaten       .         .         925*6  252*4 

A  diet  in  which  the  nitrogen  of  ingesta  and 

egcsta  were  in  (-quilibrium   ....        759*5  207 

Meals. — An  increase  in  the  production  of  carbonic  add  l>egins  directly  after  a  meal 
and  progresses  to  a  maximum,  afrer  which  the  amount  gradually  declines  to  the  basal 
minimum.  Tlie  maximum  was  observed  in  from  one  to  two  hours  after  a  meal,  and 
was  greatest  after  breakfast  and  tea  (with  a  midday  dinner).  On  a  day  of  fasting  a 
slight  rise  was  observed  about  the  times  when  the  influence  of  meals,  if  taken,  wonld 
have  been  felL     (E.  Smith.) 

K  i  n  d  s  o f  f  oo  d. — E.  Smith,  taking  the  minimum  quantity  exhaled  when  fasting  in 
the  early  morning,  hasinvobti^atiKl  the  effects  of  various  articles  of  food.  He  finds  that 
the  exhalation  of  carbonic  acid  is  increased  by  the  following  "exci  to-respiratory"  articles^ 
which  are  here  placed  in  a  series  of  decreasing  intensity  of  effect: — Tea,  sngars  (cane- 
sugar,  milk-sugar,  grape-sugjir),  coffee,  rum,  milk,  cocoa,  stout,  ale,  chicorj'.casein,  gluten. 
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pcLitin,  albumin.  Compound  aliments  containing  eevoral  of  those  gnbstances  have  an 
action  greater  than  that  of  any  of  their  constitaents.  In  most  of  these  instances,  the 
increase  in  the  evolution  of  carbon  was  greater  than  could  be  accounted  for  by  the 
amount  of  carbon  contained  in  the  article,  ex.  tea ;  in  others  less,  ex.  sugar.  The  effect 
was  evident  within  a  few  minutes  of  partaking  of  the  food,  and  was  not  investigated  fop 
periods  of  longer  than  two  hours.  Other  substances  do  not  increase  the  carbonic  acid, 
are  non-excito-reppiratory,  ex.  starch,  fat,  brandy,  whisky,  gin,  and  the  volatile  elements 
of  wine,  spirits,  &c  The  influence  of  water  does  not  .seem  to  have  been  studied. 
Those  observations  apply  to  the,  so  to  spoak,  superficial  effects  of  the  various  kinds  of 
food  ;  the  ulterior  effects  of  diet  will  be  discussed  below. 

Sferp. — During  sleep  the  amount  of  carbonic  acid  is  lessened.  In  man,  the  quantity 
expired  per  minute  when  asleep  is  to  the  quantity  when  awake  as  1 :  1*84  (E.  Smith). 
During  the  condition  known  as  hybernation,  the  diminution  in  the  quantity  of  carbonic 
acid  exhaled  is  exceedingly  marked.  Thus  a  hedgehog,  which  when  awake  gave  1*352 
grms.  of  carbonic  acid  per  hour,  produced  when  in  complete  torpor  no  more  than  *066 
per  hour,  and  a  marmot  1*076  and  '0144  respectively.     (Valentin.) 

Exercise. — The  quantity  is  very  largely  increased,  according  to  all  obsepvew. 
E.  Smith,  whose  average  during  the  day  was  9*77  grains  per  minute,  exhaled  6'94 
grains  per  minute,  when  lying  down  but  not  asleep;  18*1  when  walking  at  the  rate 
of  2  miles  an  hour ;  25'83  at  3  miles  an  hour ;  and  43*36  and  42'9  on  two  occasions  when 
working  the  treadwheel. 

8ex. — Men  produce  a  larger  quantity  of  carbonic  acid  than  women. 

Age. — The  quantity  of  carbonic  acid  exhaled  by  children  is  absolutely  less  than  that 
given  out  by  adults,  but  compared  with  the  body-weight  is  greater,  as  is  shown  in  the 
following  table  from  Lehmann  (Lehrb^iii.  320) : — 

Carbonic  acid  per 
Carbonic  acid       hour  per  kilo,  of 
Subject.  Age.  Body-weight.  per  liour.  bodjr-welght. 

Boy ...  9}  yrs.  2200  kiL  20*338  grm.  '9246  grm. 

Girl .         .         .  10  „  2300   „  19*162    „  -8831    „ 

Youth       .        .  16  „  67*76   „  34*280    „  -6887    „ 

Young  woman  .  17  „  65*76  „  25*342    „  '4646    „ 

Soldier     .         .  28  „  8200   „  86632    „  '4466    „ 

Man         .         .  36  „  65*6     „  33*530    „  *6119    „ 

The  same  applies  to  animals. 

According  to  Andral  and  Gavarret,  the  quantity  produced  daily  by  the  male  sex 
goes  on  increasing,  with  a  sudden  rise  at  puberty,  uptQ.about  30  years,  remains  tolerably 
stationary  until  between  40  and  50  vears,  after  which  it  diminishes,  especially  beyond 
60.  In  the  female  sex  the  amount  increases  up  to  puberty,  then  remains  stationary, 
with  temporary  increase  during  pregnancy,  until  the  climacteric,  after  which  it  rises 
up  to  60  years  and  then  finally  falls. 

Consumption  of  Oxygen, 

The  whole  of  the  oxygen  absorbed  by  the  blood  from  the  inspired  air  does  not 
always  reappear  in  the  carbonic  acid  of  the  expiration ;  in  general  the  amount  of 
oxygen  consumed  during  a  given  interval  is  greater  than  the  amount  of  oxygen 
contained  in  the  carbonic  acid  expired  during  the  same  time.  The  difference  is 
not  a  constant  one,  but  varies  according  to  the  nature  of  the  food  taken,  &c. ;  it  is 
least  marked  in  herbivora  living  on  their  ordinary  diet,  or  in  animals  fed  largely  on 
carbohydrates,  and  most  marked  in  camivora  or  in  animals  fed  largely  on  a  meat  diet. 
Bognault  and  Reiset  found  in  the  carbonic  acid  exhaled  by  rabbits  fed  on 
carrots,  &c.,  91*7  per  cent,  of  the  oxygen  consumed ;  in  dogs  fed  on  meat,  74*6  per 
cent. ;  in  fowls  M  on  grain,  92*7  per  cent. ;  in  dogs  fed  on  bread,  91*3  and  94*3  per 
cent. ;  in  fowls  fed  on  meat,  76*7  and  63*6  per  cent. ;  in  ducks  fed  on  bread  and  grain 
89*2  per  cent.,  on  meat  73*8,  on  fat  62*3.  They  also  found  that  herbivora  when 
starving  gave  the  proportion  of  camivora,  that  is,  they  fed  on  their  own  flesh. 
Thus,  mbbits  starving  afforded  69  per  cent.,  dueks  starving  69*3  per  cent,  and  fowls 
70*7  an<l  639  per  cent.  The  observations  of  Pettenkofer  (Ann.  Ch.  Pharm.  1863, 
Suppl.  ii.)  on  the  respiration  of  the  dog  led  to  some  very  remarkable  results.  After 
16  days'  meat  diet,  63*7  per  cent,  of  the  oxygen  consumed  reappeared  in  the  carbonic 
acid  expired.  During  a  hunger  period  of  10  days  immediately  following,  the  percent- 
age was  on  an  average  63-6.  The  dog  was  then  fed  for  7  days  on  meat,  at  the  end  of 
which  the  oxygen  in  the  carbonic  acid  expired  almost  exactly  equalled  the  total 
quantity  consumed.  After  8  days'  rations  of  100  grms.  fat  only,  the  result  was  still  the 
same.  The  animal  being  then  put  on  a  rich  meat  diet,  on  the  4th  day,  the  oxygen  in 
the  carbonic  acid  exce^ed  that  consumed  by   17  grms.;  on  the  following  days. 
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hoverer,  the  diet  and  excretion  of  urea  remaining  the  flame,  the  co&fnmption  of  axwgen 
haul  increased  so  much,  that  on  the  13th  day  the  oxygun  in  the  carbonic  acid  b«a  aa- 
Bumed  the  standard  percentage  of  65*1.  The  animal  then  being  fed  on  600  grma.  of  mMt 
and  200  grms.,  first  of  starch  and  then  of  sugar,  the  relations  of  carbonic  acid  expired 
and  oxysen  consumed  became  so  changed  that  at  last  the  carbonic  add  contained  1 60  (in 
a  second  trial  125)  parts  of  oxygen  ^r  eveir  100  parts  of  oxygen  consumed.  ThMs 
remarkable  variations  serve,  on  the  one  hand,  to  illustrate  the  character  of  the  changes 
going  on  in  the  body  under  the  influence  of  different  kinds  of  food ;  on  the  other  hand, 
the  great  excess  of  carbonic  acid,  coinciding  with  the  appearance  of  7*2  grma.  of 
hydrogen  and  6'3  grms.  of  marsh-gas,  indicates  that  the  carbonic  acid  was  not  wbollj 
due  to  combustion  of  the  tissues  or  plasma,  but  perhaps  arose  in  part  from  fermentation 
of  the  food  within  the  alimentary  canal  (see  Nutrition).  Hence  the  consamption  of 
oxygen  and  not  tlic  production  of  carbonic  acid  must  be  taken  as  a  measure  of  the 
activity  of  the  vital  processes.  The  following  table  shows  in  grammes  the  amount  of 
oxygen  consumed  per  hour  per  kilo,  of  body-weight  by  members  of  the  Tarions  kinds 
of  animals.  It  will  be  seen  that  small  creatures  consume  more  than  lai]ger  onee  lor 
the  same  amount  of  body -weight : — 

The  amount  in  grammes  of  oxygen  consumed  per  hour  per  kilo,  of  body-weight. 


(Reiset) 


(Kegnault? 


Sheep 
Calves 

PigB 
Bogs 

and  Heiset) 
Eabbits  „ 

„  (Valentin) 

Marmots'.awake  (Regnault^ 
and  Keiset)( 
torpid  „ 

awake  (Valentin) 
light  sleep 
„  quite  torpid 
Hedgehog:  awake 
„  torpid 


ft 


f» 


f» 


>i 


It 


•497 
•480 
•466 

1183 

•918 
1-714 

1-198 

•040 
•973 
•144 
•0238 
1-376 
-076 


Fowls    (Regnault  and  Beiset)    1*147 
Ducks  „  1-860 

Small  Birds  ,,  11-47S 


Geese 
Turkeys 


(Beiset) 


t» 


-en 

-702 


Frogs      (Begnanlt  and  Beiset)     "OSi 
Lizards  „  '1916 

Silkworm  „  1'170 

Earthworm  •,  '1013 


fi 


A  curious  observation  was  made  by  Regnault  and  Reiset  on  the  consnmption  o 
oxygen  by  the  marmot.  These  animals  when  wide  awake  give  in  their  carbonic  add  a 
percentage  of  oxygon  consumed  769,  when  half  asleep  54*7,  when  completely  dormant 
39-9.  This  remarkable  deficiency  explains  how  it  is  that  these  animals  may,  while  in  a 
dormant  state,  provided  that  they  do  not  pass  urine,  actually  increase  in  weight  from 
formation  and  retention  of  water. 

Breathing  Impure  Air. — When  an  animal  is  suddenly  cut  off  from  its  nanal  inpplj 
of  air,  as  by  closure  of  the  windpipe,  by  immersion  in  water,  or  by  beinff  plonged  into 
some  irrespirable  (but  otherwise  innocuous)  gas,  such  as  nitrogen  or  nydroffen,  the 
breathing  is  at  first  hurried  and  laboun'd,  but  after  a  while  l>ecames  slow  and  weak; 
conciousness  is  lost,  convulsions  take  place,  and  death  by  suffocation  or  asphyxia  is  the 
result  In  such  cases,  the  air  remaining;  in  the  lungs  contains  a  trace  only  of  oxygen 
with  a  great  excess  of  carbonic  acid,  the  blood  both  in  the  arteries  and  yeins  is  of  a 
dark  colour,  holding  scarcelv  any  oxygen  but  a  very  large  quantity  of  carbonic  acid. 
It  is  not  yet  clear  how  far  the  phenomena  belonging  to  this  particular  mode  of  death 
are  due  to  the  absence  of  oxygen,  or  to  the  increase  in  carbonic  add,  or  to  both  of  these 
causes  combined.  Some  observers  witnessed  no  con\'ulsions  or  dyspnoea,  but  only  a 
kind  of  narcotic  poisoning,  when  animals  were  made  to  breathe  oxyern  containing  a 
great  excess  of  carbonic  acid ;  whereas  when  they  were  made  to  breathe  air  diluted 
with  nitrogen,  dyspnoja  came  on  as  soon  as  the  proportion  of  oxygen  fell  below  6  per 
cent  These  experiments  seem  to  show  that  the  dynpucefl  of  asphyxia  arises  from  the 
lack  of  oxygen.  But  other  observers  have  found  dyspnoea  and  convulsions  to  follow 
the  inhalation  of  oxygen  containing  10  per  cent,  of  carbonic  acid,  and  the  opinion  that 
carbonic  acid  is  an  excit-ant  of  muscular  and  other  actions  has  many  supporters. 

Similar  results  are  produced  more  griidually  when  an  animal  is  confined  in  a  limited 
space  without  renewal  of  air,  and  has  therefore  to  breathe  the  same  air  over  and  over 
again.  In  such  cases  life  is  prolonged  if  the  carbonic  acid  be  absorbed  by  potash  as 
soon  as  it  is  formed.  If  at  the  death  of  tliu  animal  the  air  is  examined,  it  is  found  to 
contain  from  5  to  7  per  cent,  of  oxygen  and  from  10  to  12  per  cent  of  carbonic  add 


9S  RETENE-SULPIIUBIC  ACID— REUSSIN. 

A  mixtnre  of  ret^ne  and  pimc  acid  diMiolvod  in  hot  hcntene,  deposita  on  eoolmg 
nc«dlP9  of  the  compound  C"*IP.C«H*.C*H>(NO«)«0,  vhich  on  ex^ure  to  the  air 
becomes  opaque,  an«l  givcH  offthc  whole  of  the  benzene.     (Fritzsene.) 

ikCZD.     8i-o  the  last  article. 

A  green  tnin.xlucont  Tariety  of  serpentine  firom  Caaada,  haviiiy 
a  resinous  aspect.     (Sci.*  Skri'ENTinb.) 

S^Ti.  with  toluene  or  hydride  of  benzyl  (i.  573). 

A  foRsjl  r«»sin  of  yellow-brown  colour,  earthy  aiipect,  nuvlj 
dense  and  sliiuin^ :  uf  Hpprific  ^nivity  1*07  to  1*35;  fuNihle,  burns  with  a  white  flame, 
and  aromatic  o<lour.  Kftinasphalt  from  the  lignite  of  l^ovey  in  Devonshire,  wher^  it 
was  firbt  obflt'rved,  contains,  atvording  to  Hatchet  t  (Phil.  Trans.  1804,  p.  404),  55 per 
cent,  rnsin  soluble  in  alcoliol,  42  per  cent  insoluble  resin;  accordinp^  to  Johnston 
(Phil.  Tmu'*.  1840,  p.  347),  13-23  per  ct^it.  mineralconstituents  27*45  rettin  insoluble  in 
aloohul,  nn'i  59'23  percent,  i^oluble  in  al'ohol — tli(>  latter  constituting  JohD8ton*sr» //aw 
«''iV/.  Retinasphalt  from  Ilalle  contains.  ac*.*onliiii»  to  Bucholz  uSchw.  J.  i.  290;,  91 
pi-r  cent,  easily  w.iluble  nsin.  and  9  f>er  cent,  insohibb?  resin,  resembling  amber;  tliat 
from  (.'ape  Sable,  Unile<l  States,  contains  42-5  per  cent,  easily  soluble  reaiiit  55*5  per 
cent,  insoluble  resin,  and  lo  ferric  oxide  and  alumina.     (T roost.) 

SBTZVZC  ACZO.  The  portion  of  retinasphalt  from  Borey,  which  is  soluble  in 
alcohol  (Johnston).  It  ri'innins,  on  evapomtint;  the  alcoholic  solution,  as  a  yellow- 
brown  resin,  which  melt'',  with  loss  of  wii^ht,  at  120®,  tmd  gives  off  ga^>bubble«  at 
205°.  It  dissolves  abundantly  in  ether,  whence  it  is  for  the  mwt  part  precipitated  hj 
alcohol,  sparingly  in  alooliul,  and  is  preci|iirate<l  by  water.  The  alcoholic  solution 
gives  a  shght  precipitate  with  chloride  of  cau-ium,  more  abundant  with  alcoholic  acetate 
of  lead.  The  acid  contains,  at  100°  7503  per  cent.  C,  877  H,  and  16-20  O:  after 
fu.Mon,  7708  C,  870  H,  and  1422  0  ;  the  calcium-salt  yielded  1026  per  cent.  lime, 
the  silver-salt  41*78  to  4*^-58  pur  cent,  silver-oxide.  From  these  result*  Johnston 
deduced  the  formula  C*»H**0*. 


Walchoviie,  A  fossil  resin  found  in  the  coal-mines  of  Walchow,  in 
Moravia,  in  rounded  lumps,  varying  in  size  from  that  of  a  pea  to  that  of  a  man's  head. 
It  is  brittle,  of  specific  gravity  1-035  to  1-069,  has  a  yellow  coloui^  a  conchoidal 
fracture,  and  fatty  lustre.  At  140°  it  becomes  translu«'ent  and  elastic  without  fosing, 
and  at  250°  melts  to  a  yellow  oil.  i)y  dry  distillation  it  yields  combustible  gas,  tar, 
and  aqueous  fonnic  acid.  Alcohol  extracts  from  it  1*5  per  cent.,  and  ether  7*5  per 
cent,  of  resin,  both  the  resins  thus  obtained  being  transparent,  yellow,  and  tough.  It 
dissolves  slightly  in  sulphide  of  carl)on,  an<l  in  boiling  rock-oil,  but  softens  in  the 
former.  Contains  80-40  per  cent.  C,  1068  U,  and  8*74  O,  agreeing  approximately 
with  the  formula  C'lI^O'.  (Schrotter,  Pogg.  Ann.  lix.  61 :  see  also  Cerutti  N 
Br.  Arch.  xxii.  286.) 

The  lignite  of  the  Wilhelmszech  mine,  in  the  Westerwnld,  contains  reddish-yellow 
brittle  deix)sits  of  retinite.  Branchite  or  scheererite  likewise  changes  to  a  resin,  which 
has  the  colour  and  soft  waxy  consistence  of  retimte.     (Casselmann.) 

The  name  retinite  is  used  by  Kammelsberg  {MincralckimiCy  p.  966)  as  a  goierie 
same  for  fossil  resins  containing  oxygen . 

SSTZVOXiB  and  R£TlJNIXi.  Hydrocarbons  obtained  in  the  rectification  of  the 
products  of  the  dry  distillation  of  turpentine-resins  (Pelletier  and  Walter  Atm. 
Ch.  Phys.  [2]  Ixvii.  269).    See  Turpbntine. 


I.  Mvlanaphlhalrne,  A  solid  hydrocarbon,  probably  identical 
with  rctene,  obtained  by  the  distillation  of  resins,  and  passing  over  with  the  lait 
portions  of  the  distillate,  (Pelletier  and  Walter,  Ann.  Ch.  Phys.  [21 
296.)  ■"  •* 


«T.  This  name  was  originally  applied  to  the  well-known  vewsel,  oonsistuig 
of  a  bulb  and  inclined  neck,  used  for  distillation:  but  it  is  now,  es})ecially  in  technologi- 
cal language,  applied  to  distillatory  vessels  of  other  shapes— for  example,  to  the  cylin- 
ders of  iron  or  earthenware  used  for  the  distillation  of  coal,  &c. 


A  massive  grey  mineral  from  Retzbanya,  in  HnngnTj,  of 
specific  gravity  6-21.  It  is  mixed  with  oxidised  products,  and  gives  by  analysis  7*14 
percent,  oxygen,  11*93  sulphur,  38*38  bismuth,  36-01  l^ad,  4-22  copper,  and  liJS 
silver.     (Ilermann,  J.  pr.  Chom.  Ixxv.  450.) 

Syn.  with  Edkt.fousitf.  (ii.  361). 


A  salt  occurring  a<»  an  efflorescence  at  Saidschitz,  in  Bohemia,  and 
consisting  of  a  mixture  of  tho  sulp!iates  of  sodium,  calcium,  and  magnennm  irith 
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forming  a  goldrn-jellow  liquid  which  grad^Ij  turns  brown.  With  lime-mtcr  and 
potaHh-lcT  it  forms  yellow  Holutionii,  which  do  not  change  in  eonUct  with  the  air;  the 
former,  however,  grailuully  d4>po3itH  yellow  flocki.  The  aqueous  solution,  added  to 
neutral  or  basic  acetate  of  lead,  throws  down  orange-yellow  flocks  ;  it  eolonn  feirie 
salts  olive-green,  and  then  precipitates  them.  In  tartar-emetic  it  forms,  aft«r  soma 
time,  a  yellow  precipitate  ;  docs  not  precipitate  solution  of  gelatin.  The  acid 
readily  in  aleohul  and  ether. 


FTBIW.    A  yellow,  crystalline,  sublimable  substance  identiesl 

witli  F/utuffiifin,  under  which  name  it  has  aln-ady  bi^^'U  described  (ii.  706).  It  esists 
in  the  root,  bark,  and  stem -}«irk  of  BhamnvM  Frauffufa  (Bnchner,  Binawanger), 
and  acconling  to  Phipson  (Compt.  rend,  xlvii.  153),  in  the  bast,  and  in  the  vessels  of 
the  mtNluUury  slicath  of  the  branches.  Phipson  prepares  it  by  macerating  the  blanches 
for  three  or  four  days  in  sulphide  of  carl)on,  eva(X)rating  the  extract  to  diyness,  ez- 
ImuRting  the  residue  with  alcohol,  which  leaves  fat  undissolved,  again  evaporating,  and 
recrystallising  from  ether. 

KHAWTMUti.  The  several  species  of  Rkamnus  yield  yellow  or  green  cblooring- 
matters,  which  have  been  examined  by  different  chemists,  not  always  with  aooordant 
results : — 

1.  I'ersian  or  Turkey -berries,  the  seeds  of  Rhamnus  amygdalinus,  S.  oletHdei,  B, 
aaxatilutt  and  Avijnion-gruins,  the  seeds  of  R.  in/tvtoriitSf  whidi  are  employed  in 
dyeing  for  the  production  of  yellow  colours,  yield :  a.  According  to  Kane  (Phil.  Msg. 
[3]xxiii.  3),  in  the  unripe  state,  chrysorhamnin,  C^H*'0''  (i.  960),  and  when  rips^ 
zanthorhamnin,  0*^11^*0'^ — fi.  According  to  Gellatly,  zanthorhamniB, 
C"H*0",  with  rhamnctin,  C"H'»C)*,  as  a  product  of  its  decompoeition. — y,  Aoooid- 
ing  to  Ortlieb  (Mulhous.  Soc.  Bull.  xxx.  16),  rhamnin,  C"I1>*0*,  hydrate  of 
phamnin,  <?'H'*0'*,  and  hydrate  of  oxyrhamnin,  C^'H'H)". 

2.  The  bark  of  the  berry-bearing  alder  (lihamnua  FrangHlu.\  and  of  the  bnckthoni 
{B.  ca^Aar/ictM),  yields  the  yellow  dye  called  rhamnozanthin  by  Buchner  and  Bins- 
wanger,  frangulin  by  CasRclmann. 

3.  The  hemes  of  R,  catharticus  yield  the  rhamnin  of  Heniy,  Winckler,  and  Bins- 
wanger  (p.  99);  also  Binswanger^s  rhamnocathartin,  called  cathartin  by  Hubert 
(p.  99).  Those  berries  and  the  syrup  prepared  from  them  possess  purgative  pn^ 
pertios ;  but  their  action  is  violent  and  daiagerous,  so  that  their  use  in  medicine  is  not 
to  be  recommended. 

The  berries  of  some  species  of  rhamnus  are  used  for  dyeing  morocco-leather  of  i 
yellow  colour ;  others  for  dyeing  wool  ;_and  the  bark  of  some  is  employed  for  strikiDg 
a  black  with  salts  of  iron.     '"  '  ~ ' 

sap-green,  or  bladder-green 
them  a  splendid  green  dy 
with,  or  very  similar  to,  the  Chinese  Lo-Kao.    (See  Dyking,  iL  358;  also  Wagner*! 
Jahresbericht,  1861,  p.  5G7.) 

Syn.  with  Chrtsophanic  Acid  (i.  958). 

According  to  Leo  Meier  (Repert. Pharm.  [3],  zli.  825), tbs 
red  colouring- matter  of  the  flowers  of  the  common  rc<l  p«>ppy  (I^paver  Hkeaa)  consists 
of  two  adds,  calli^  rheadic  and  papavrric  acid,  Pcparable  by  neutral  acetate  of  lead, 
which  precipitates  only  the  former ;  they  do  not  ap2)car  to  have  been  obtained  pum 
(See  Gmdins  Handbook,  xvi.  527.) 


Syn.  with  CHHYS0PiiA3*rc  Aero  (i.  958). 

Syn.  with  Galvanoiteter.    (See  Klxctricitt,  il  443.) 

SKBOBTAT.    An  instrument  for  regulating  and  measuring  the  force  of  electiie 
currents.     (See  ELECTnicnr,  ii.  464.) 

Sec  Khubarb  (p.  107). 

Syn.  with  CEBTsopBAmc  Acid  (i.  958). 


COBAVZBS8.    A  name  applied  to  sulphocyanates,  on  account  of  the  wdcdUwr 
which  they  produce  with  ferric  salts. 


SBOBBOSSTZV.    Syn.  with  Cojtvolvulin  (ii.  15). 

KBOBBOKSTZWOB. 
BHOBBOBBTZVOUtO    ACZB, 


[  Syn.  with  Convolvulinolic  Agib  (ii.  15). 


BBOBZUM.  Atomic  Wright,  104;  Spnhol,  Rh.— A  metal  belonging  to  the  platitraiii 
group,  discovered  by  Wollaston  in  1804.  He  found  the  ore  from  Brazil  to  oootain  0*4 
per  cent,  and  native  pktinum  from  another  locality  has  been  found  to  eontain  as 
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I^hodium  is  analtoniMe  in  the  uir  at  ordinary  t<>mpemturP8,  but  ozidiaM  at  A  red 
heat.  And  with  gri>:it  fncility  if  in  the  ntatc  of  powder.  It  combines  also  with  cUorint 
at  a  ntl  hoat.  When  pun>  it  rcsistR  the  action  of  th^*  vtrongefit  acids,  even  of  nitio- 
mnriHtio  iioid,  Imt  wht-n  hIIovhI  wirh  certain  metnls(aM  with  lead,  bismuth,  copper. and 
plntinnni),  it  disM)lTc»  in  nirromuriiitic  ncid,  toother  with  thoM)  metiils;  when  fnsrd 
with  gohl  or  silver,  }iowever,  it  doet^  not  dictsolre.  It  is  rMidily  oxidised  bjr  fosion  with 
nitre,  or  with  p<>ri:>xide  of  Imriiiin.  Bv  fusion  with  sulphiitc  of  potamiuin,  it  is  conTerted 
i!)to8')]ii1>Ie  rho<]iopotassie  su']i'i:iti\  Mixe<l  with  chloride  of  sodium,  and  ignited  in  a 
htnain  of  clilorine  ^as,  it  is  converted  into  chlororhodisite  of  sodium,  which  ialHseviit 
easilv  soli) Me. 

RBOBZUBf*  AUbOTS  OF.   I^hoilium  nnitefl  with  moMt  other  metals,     fiiome  of 

tlie  allovH,  as  already  o1>sfrved,  di-^^s^i'lve  completely  in  nitromuriatio  acid,  whereas 
othera  yield  to  tins  solvent  oidy  the  metal  Alloye<1  with  the  rhodiam.  An  allor  of 
rho<lium  and  qrJi/  foniid  in  Mixieo  eontains  from  34  to  43  per  cent,  rhodium.  (DeJ 
Rio,  Ann.  Cli.  IMiys.  [2).  xxix.  V\7.) 

One  pt.  of  rho<liuni  and  1  pt.of  ^/r/'  form  an  alloy,  which  has  a  sp<Knflc  graritT  of 
9*176,  a  very  fine  eol^nr  and  surfaee  t'nr  metallic  mirrorfi,  and  <loe8  not  taniish  in  th« 
air.-  One  pt.  rhmliuin  with  TiU  to  loo  ttUn-}  furmB  a  very  banl  and  mther  'ouch  alloj. 
which  r(-quin*s  for  temperinc:  a  heat  hi^Inr  hy  39°  tlmn  common  steel,  and  17''  higher 
than  Indian  stet-l.     (Kara<lay  and  Stodart.) 

Rhodinm  also  unites  with  cinr  and  tin^  forming  tho  crystallised  alloys,  Rh2^'  and 
UliSn.     (l)oville  and  Pcbray.) 

RBOBZUBK,  CBZiOSXBSS  OF.    A  dichhrUh,  RhQ*.  is  said  by  Fellcnbexg  to  be 

ol.tainiHl  liy  heatinp  t]it»  corresponding  sulphide,  RhS,  in  chlorine-gas;  but  acoording 
to  Clans,  there  is  ])ut  one  definite  componnd  of  rhodinm  and  chlorine — rir.,  the 
trichloride  or  rhodic  chloride.  RhCl'.  It  is  obtained  in  the  anhydrous  state  by 
i;rnitin^  the  pulverised  metal  in  a  Ftn?Am  of  chlorine,  or,  more  easily,  bv  heating  one 
of  its  double  salts  {infra)  for  some  time  with  strong;  sulphuric  acid,  and  pouring  the 
mixture  when  cohl  into  water,  which  dissolves  the  alkaline  sulphate  and  a  small  quan- 
tity of  undccon))x>sed  double  chloride,  b-aving  the  rhodic  chloride  undissolTcd.  As 
obtain^l  by  either  process,  it  is  a  bn>wnish-reil  indifferent  body,  insoluble  iu  all  adds 
and  alkalis.  When  heated  with  liifrltf  of  pfto^nwjn^  it  tiuns  yellow,  and  is  lesolted 
into  an  omn^-yellow  powder,  slightly  soluble  in  water,  but  easily  soluble  in  hydro- 
chloric  Hcid,  and  a  soluble  compound  precipitable  by  alcohol.  With  nitrite  of  todium 
it  yields  only  the  soluble  salt.  Sulphide  of  ammonium  added  to  these  solutions,  throwi 
down  sulphide  of  rho<lium,  scduble  in  excess  of  the  alkaline  mlphide,  and  completely 
precipitable.  therefrom  by  acids.  (W.  Gibbs,  Sill.  Am.  J.  [2]  xzxiv.  341  ;  Jahresb. 
1863,  p.  203.) 

Hi/draUJ  rhodic  rh/oridr,  RhCl*.  4H'0.  remains  in  the  form  of  a  red-brown  vitzeoos 
mass,  on  evaporating  over  the  wnter-bath  a  solution  of  rhodic  oxide  in  hydrochlorio 
acid,  previously  fro< 3  from  potash  by  treatment  with  nitric  acid.  It  yields  a  rM 
powder,  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether;  at  a  red  heat  it  gires 
off  its  water,  and  becomes  insoluble. 

Chlororhodialcs  of  Am mmi turn. —The  salt  2(3Nn<CT.RhCl'),3H*0  is  obtMned  by 
decomposing  the  corres]x)nding  sodium-salt  with  S)d-ammoniac  ;  it  crystallises  in  fine 
rhombohedrul  prisms,  easily  soluble  in  water,  insoluble  in  alcohol.  The  boiliiig 
aqueous  solution  deposits  on  cooling,  prisms  and  hexagonal  plates  of  the  saU 
2NH*Cl.RhClMI-0,  less  soluble  and  darker-coloured  than  the  preceding. 

Chtororhodiatfs  r)/7*o/r/>«iw/;/.— The  salt  3K(:i.RhCl".3H«0,  formed  by  mixing  the 
solutions  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solution  of  potassic  chloride, 
cr}'Ktallis<'8  in  sparingly  soluble  prisms,  which  efflon^sce  and  give  off  lul  their  water  on 
exposure  to  the  air.  Another  double  salt,  2KCl.RhClMI=0,  is  obtained  bv  heating,  in 
a  current  of  chlorine,  a  mixture  of  pulverised  rho<liam  or  rhodic  chloride  with 
chloride  of  potassium.  The  black  saline  mass  dissolves  in  water,  and  the  solution 
yields  by  evaporation  dark-red  crj'stals  soluble  in  alt-ohol. 

ChJororhodiatr  nf  Sodium,  3NaCl.RhCl'.12H'0,  is  obtained  by  heating  a  mixture  of 
1  pt.  rhodium  and  2  pts.  common  salt  in  a  stream  of  chlorine;  it  crystallises  like  the 
corresponding  pota^sium-salt. 

RBOBZimC  CnrAVZBB  OF.     RhCy'.     See  Cyanides  (ii.  271). 

SBOBZUM,   BSTXCTZOir   AVB   BBTZMATZOW  OF.     Rhodium  iVxrmi 

only  one  cla«8  of  halts,  viz.  the  rhoilic  salts,  corresponding  in  composition  with  the  tri- 
chloride. These  salts  are  for  the  mf»st  part  rose-coloured  (hence  the  name  of  the 
metal),  and  exhibit  the  following  reactions  in  soluticm: — 'With  ndphydric  arid,  a  brown 
precipitate  of  sulphide,  which  is  shiwly  dt.'pf)»ite<l  ;  with  9\dphydrate  of  amnumium^  Wk 
1>rown  precipitate,  insoluble  in  ex<'ess:  with  nuifdinrous  arid  mid  sfipkitw,  a  pale- 
yellow  preeipitatr,  nllurding  a  very  ehnnict^'ristic  reaiction  ;  with  potasik,  a  yellow  preci- 
pitate of  hydra teil   rhodic  oxide,  holuble  in   excess :  with  ammonia  also   a  yellow 
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SBOBZUX,  OZZBBS  OF.    Rhodiam  formt  fonr  oxidci^  haTing  the  fomrate 

KhO,  Rh«0«.  IlhO«,  and  RhC.     (Glaus.) 

The  protoxide^  RhO,  \b  formed,  with  iDcandesceooe,  when  the hjdrated  Msqmozidcv 
Rh^0*.3lI'0, 18  heated  in  a  platinum  crucible.  It  if  a  dark-groy  aabatance^  perfiMUy 
indifferent  to  acids. 

The  Settquioxide  or  Rhodie  Oxide,  RhH)*,  obtained  by  heating  the  nitnte^ii  a 
grey  porous  mafM),  with  metallic  irideaconoe ;  insoluble  in  adds,  eaailj  reduced  bj 
hydrogen.     It  forms  two  hydrates. 

'  The  trihtfdrate  or  normai  rhodie  kydratf,  RhK)".3HK)  or  RhHK)«,  is  prodnecd  by 
precipitating  a  solution  of  clilororhodiate  of  sodium  with  potash,  in  preeenoe  of  aleohol; 
or,  without  the  aid  of  alcohol,  by  heating  the  rhodium-solution  with  rerj  itning 
p»t<ish-ley.  It  is  gelatinous,  shrinks  to  a  yery  small  bulk  when  dried,  and  ia  ahnoia 
mdifftsrent  to  acids.  Hydrochloric  acid,  howoyer,  dissolyes  a  yery  email  qnaiitxty  of 
it,  acquiring  the  fine  rone-colour  characteristic  of  rhodie  salta 

The  ptTitaht/drafr,  Ii\iK)\5KO  or  RhH>0".H*0,  is  formed  by  treating  •  aoliitioo  ef 
chlorornodiate  of  soiiium  with  aqueous  potash.  It  has  a  lemon-ydlow  ooiknir,  and 
retains  3  or  4  per  cent,  potash  cyen  after  washing.  The  mother-liquor  hae  a  yeilov 
colour,  and  still  retains  rhodium. 

Dioxide,  RhO'. — Obtained  by  fusing  pulyerised  rhodium  or  the  aett^nioadde,  with 
nitre  and  potash,  and  digesting  the  fused  mass  with  nitric  acid,  to  diaeolTe  off  the 
potash.    It  is  a  dark-brown  substance,  insoluble  in  acids. 

When  chlorine  is  passed  into  a  sfilution  of  rhodie  pentahydrate,  Rh*0*.6HK),  a 
Mack-brown  gelatinous  precipitate  of  the  trih^drate,  Rh^O'.SUK),  is  formed  at  flrit; 
but  this  compound  gradually  loses  its  gelatinous  consistence,  becomea  lighter  ia 
colour,  and  is  finally  conyertod  into  a  green  hydrate  of  the  dioxide,  RhO'.2H*0«  Ths 
alkaline  solution  at  the  same  time  acquires  a  deep  yiolet-blae  coloar. — ^The  grsen 
hyilrate  treated  with  hydrochloric  acid  diflsolyes,  with  eyolntion  of  chlorine^  Ibnmnga 
rose-coloured  solution  of  the  sesquichloride  : 

2RhO«  +  8Ha  -  Rh'Cl"  +  4HK)  +  Cl». 
Trioxide,  RhO\ — The  blue  albiline  solution  above  mentioned  depofliti^  after  a  whife^ 
a  blue  i»owder,  lM>coming  green  when  dry,  and  yielding,  when  treated  with  nitric  arid, 
a  lilue  flocculout  substance,  consisting  of  the  trioxide,  easily  reduced  to  the  green  <ii5i«M*. 
(Claus.) 

SBOBrUM,  OJCTOBV-SAXiTS  OF*    These  salts,  analogoua  in  oomporition  to 

tho  triohlori<lr>,  <lo  not  crystallise  very  readily.  Moreoyer,  the  only  rhodie  ^y^vgffii  altg 
that  can  be  obtained  ]mre,  are  those  which  contain  acids  capable  of  expelung  nitrie 
acid  from  itH  cr>mbinat  ions ;  because,  in  order  to  obtain  rhodie  oxide  free  from  potaah, 
it  must  bo  washed  with  water  containing  nitric  acid,  which  then  unites  w&hthe 
rhodie  oxide.    The  weaker  acids  are  not  capable  of  remoying  the  whole  of  the  potaah. 

Ehodic  acetate,  Rh«0».3C«HK)".5HK)   -   ^^!?^|o».|H«0.— RecenUj  prepaxed 

rhodie  oxide  dissolves  in  acetic  acid,  forming  an  orange-yellow  solution,  whirii  when 
evaporated  over  the  water-bath,  leaves  a  transparent  orange-yellow,  amoiphoui^  nwt- 
dcliquescent  mass,  soluble  in  water  and  in  alcohol ;  it  always,  howerer,  zetaina  3  or  4 
per  cent,  of  potash.     (Claus.) 

AV/rrt^,  Rh«0».3N'0».4n'0  or  ^^^!}'|0".21P0.— The  yeUow  hydrate  of 

oxide  dissolves  very  easily  in  nitric  acid,  and  the  solution  evaporated  over  the 

bath  leaves  a  gummy,  very  hygroscopic  mass,  insoluble  in  alcohoL  The  nitrate  wba 
ignited  loives  the  insoluble  sesquioxide. 

PJunphatcs. — Rhodie  oxide  dissolves  partially  in  aqueous  phosphoric  acid,  famiiK 
the  salt  Rh'0».21'H)*.6lPO,  very  soluble  in  water,  and  precipiUble  by  alcohoL  T& 
residue  constitutes  a  basic  phosphate. 

Sidphate,   Rh»0«.3SO».12H«0,  or  |^^^l^',[o^l2HK).~Yellowi8h-white    eiTatalliM 

mass,  having  a  styptic  and  acid  taste. — ^When  tho  mother-liquor  of  potaario-rfaodle 
cyanide  is  boiled  for  some  time  with  strong  sulphuric  acid,  tho  liquid  then  erapoiatedi 
and  the  residue  digested  with  water,  a  potassio-rhodic  sulphate  dissolyei^  and  MKrthff 
double  sulphate  remains    as    a    reddish-yellow  crystamne    powder,  eonaiating   ef 

Rh'^K*  [^*  (Claus).  The  same  salt  is  formed  when  sulphuric  add  is  added  to  a 
solution  of  chlororhodiate  of  potassium.     (Borzelius.) 

5m//>;///<^,  Rh20«.3S0^6H«0,  or  1"^^^}/^^  the  sulphate,  bnt  is  irfiit^ 

soluble  in  water,  insoluble   in  ^dcohol.     When  heated  it  gives  off  salphmoiia  uA 
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originally  obtained  by  Heller,  and  analysed  by  Will  and  Lereh,  m  iHziiodiaoiue;  aod 
that  obtained  by  Brodic  as  /j-rhodizonic  acid. 

a-Rhodisonic  acid,  C^II^O*    *   '        ui     [^' — This  acid  is  ibrmed  from  cv- 

boxylic  add  by  the  assumption  of  water:  C'«H«0'*  +  2HH)  -  2C»H«0»  (Lereh). 
Wlicn  dried  in  a  vacuum  it  contains  C'il*0'  »  C*IIH)*.HK),  and  giras  off  1  mt.  HH)  at 
100".  The  vacuum-dried  acid  furms  colourless  rhombic  prioms,  easily  soluble  in  water 
and  in  alcohol ;  tlie  colourless  acid  aqueous  solution  becomes  yellow  or  Toseftte  wfaca 
heated,  and  colourless  n^in  on  c<x>ling.  The  crystals  turn  yellow  and  brown-red  on 
exiMMure  to  the  air,  and  at  100°  Mack  with  luss  of  water;  at  a  higher  temperature  the 
acid  decomposes,  leaving  a  carbonaceous  rebidue,  and  yielding  a  small  quantity  of  aa 
aoid  sublimate.     (Lereh  ) 

The  a-rhodizonates  are  red,  and  are  produced  ^m  the  hydrocarbozylates  (iiL 
189)  nnd  fnim  cnrltoxide  of  potassium  by  assumption  of  water  and  oxygen  (Lereh). 
The  }>vtasHhnM'»(ift  is  oV'tsiined  bv  trotting  the  ''black  mass*'  of  the  potassium  prepara- 
tion n^jN^atciliy  with  strong  alcohol,  thon  with  dilute  alcohol,  mixect  towards  the  end 
of  the  pr(X*eHM  with  u  little  acetic  ncid,  and  finally  washing  the  residue  with  dilute 
al<*«)hol.  It  in  at  firi>t  of  an  unctuous  cun?<istence  and  light  yellowish-red  colour,  but 
acquirt*H  a  criniwjn  colour  by  exfNjMure  to  the  air,  an<l  remains  unaltered  after  drying. 
It  is  in:4olnMe  in  alcohol,  dissolvrs  slowlv  in  about  lAO  pts.  of  cold  water,  much  more 
cHsily  in  hot  water,  forming  a  neutral  rendish-yellow  solution.     (WilL) 

Khodizonate  of  }.x>tii8sium  dried  at  ordinary  temperatures  has,  according  to  WilTs 
BnalyHiH,  the  componition  C-*H*K=0*.H-0  ;  it  gives  off  its  water  at  120° — 180°,  leaving 
the  anhydrous  s»ilt  ('*H-'K-(>*.  The  hydrated  salt  is  isomeric  with  croconate  of  potas- 
sium, C^K*0^  2iV0,  but  differs  from  the  latt4*r  in  giving  off  only  half  as  much  water 
when  heat<*d  (ii.  111). — The  nfutral  solution  scarcely  alworbs  any  oxygen  from  the 
air,  but  if  mixed  with  free  [^tota^h  it  quickly  turns  yellow,  absorbs  a  considerable 
quantity  of  oxy^ren,  and  then  Ie:ives  on  evaporation  a  mixture  of  croconate  and  oxalate 
of  |H>tas8ium.  Tlie  crt>conic  acid  i^  formed  from  the  rhodizonic  acid  by  addition  of  tha 
elements  of  water :  its  formation  does  not,  however,  take  place  immediately,  but  only 
on  evaporation.  The  oxalic  acid,  the  proportion  of  which  is  not  constant-,  appears  to 
be  formed,  not  from  rhodizonic  acid,  but  from  a  brown  substance  mixed  with  it,  pio- 
bably  a  product  of  the  oxidation  of  n>ck-oil  not  completely  removed  from  the  **  buck 
mass"  by  washing  with  alcohol.     ^Will.) 

Jifufdiconate  ofttarium,  C*H*Ba"OMIK)  (vacuum-dri«»d\  is  obtained,  by  precipitating 
the  potassium-salt  with  chloride  of  barium,  as  a  dark -red  precipitate,  which  becomes 
dark -brown  when  drie<l,  acquires  a  greenish-yellow  lustre  when  pressed,  and  gives  off 
its  water  at  100^  (Will).  The  Iriplumhic  mit,  C"H*PbH)'*.2H«0  (vacuum-dried),  is 
obtained,  by  precipitating  the  potasfium-salt  with  neutral  acetate  of  lead,  as  a  dark-red 
flocculent  precipitate  (the  supernatant  liquid  acquiring  an  acid  reaction),  which  becomes 
blue-blaok  when  dry,  and  gives  off  its  "water  at  100° — 120°  (Will).  I^rch,  by  preci- 
pitating the  aqueous  acid  with  neutral  acetate  of  lead,  obtained  a  dark-red  basic  lead- 

i«lt,C>«H^Pb«0'^2Pbn«0^-  The  ^Wffr^-^w^ic /Iff//.  C*IIAgH)^isa purple-red  precipi 
metallic-green  when  dry,  slightly  soluble  in  water.     (WilL) 

fi-Rhodieonic  acid,  C'*H*0'. — This  acid  is  not  known  in  the  free  state  (i.^.,  as  a 
hydrogen -salt).  Its  j)ota9sium-saIt,  C'"K*0',  discovered  by  Brodie,  remains  undissolvsd 
when  pure  carboxide  of  potassium  is  treated  with  al>solute  alcohol  (iv.  696).  It  is 
distinguished  from  the  a-rhodizonate  by  the  great  facility  with  which  it  absorbs  oxygtA 
on  exposure  to  air  and  moisture,  and  is  converted  into  croconate  of  potassium  : 

C'*K«0"   +    H«0   +   0»     =     2C*K=0»   +   2KH0  (Brodie). 

The  a-rhodizonate  is  probably  formed  from  it  in  a  similar  manner  by  the  assmmptioB 
of  a  larger  quantity  of  water,  thus  : 

C'«K«0«  +   3I1«0    4-   0»     «     2C*n*K-0«  +   2KH0; 

but  this  latter  reaction  has  not  been  actually  observed  (Will).  The  conversion  of  the 
/3-rhodizonate  into  croconate  is  not  accompanied  by  the  formation  of  oxalic  acid. 
(Brodie.) 

Pure  iS-rhodizonate  of  potassium  dissolves  with  pale  red  colour  in  dilute  scetic  acid, 
and  the  solution  yii>lds,  with  acetate  of  barium,  a  shining  red  precipitate,  which  qni<^I/ 
changes  colour,  oven  during  washing.     (Brodie.) 

XBOBOCBSOaiB^    A  variety  of  Kemmerorite  from  the  Ural  (it.  770). 

SHOBOCBROSZTB.      Native  carbonate    of    manganese.     (See  CjuuioxATia 

i.  789.) 


Silicfovs  Manganese,  Mangannne  spar,  Btutamite^  ^ffsberyUf, 
Biailicate  qf  Manga}iese,  rather  Mangankcwel,  Kiibelmangan, — ^A  minenl  conaistii^ 
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mainly  of  silicate  of  manganese,  but  containing  also  iron,  magnesium,  and  calcium.  It 
usually  occurs  m&ssire,  but  sometimes  in  monoclinic  crystals,  like  an^te,  having  the 
angle  ooP  :  ocP-  87°7',  and  exhibiting  the  faces  ooP,  ooPoo,  [  ooPoo],  oP.  Cleavage 
perfect  parallel  to  ooP,  imperfect  parallel  to  oP.  Hardness  «  6-6  to  6-6.  Specific 
gravity  =  3*4  to  3*68.  It  has  a  vitreous  lustre,  light  brownish-red  or  flesh-red  colour, 
sometimes  greenish  or  yellowish  when  impure ;  streak  white.  Transparent  to  opaque. 
Fracture  conchoidal  to  uneven.  Brittle.  Molts  to  a  black  bead  before  the  blowpipe, 
and  gives  conspicuously  with  fluxes  the  reactions  of  manganese. 

b, 

Keal 

3.    . 

bergiU^  from  the  P^'sberg  iron-mine  near  Philipstadt  in  Wermeland,  Sweden:  roee* 

rod;  specific  gravity  =  3-63.   (Igelstrom,  J.  pr.  Chem.  xxiii  278.) 

a,  b.  c,  d,  #. 

Silica      ....    4800  46*37  48*90  5067  45*49  46*46 

Manganous  oxide      4904  47*38  36*06  80*73  89*46  41*88 

Lime      ....       3*12           6*48  14*57  16*45  4*66  8*13 

Ferrous  oxide      ...  .     .            0*81  1*31  6*42  3*31 

Magnesia   .     .     .     .  0*22  . .__         .     .  0*78  2*60  0*91 

100^        99^       100*34         99*89         98*68       100*69 

These  analyses  show  that — 

a.  consists  of  12  MnSiO'.CaSiO* 

b.  „  „     7  MnSiO*.CaSiO« 

c.  „  „     2  MnSiO'.CaSiO* 

d.  „  „     6  MnSiO».CaSiO«.FeSiO«.MgSiO« 

e.  „  „  24  MnSiO«.6CaSiO».2FeSiO>.MgSiO« 

FtfVf/eritf,  from  Franklin,  New  Jersey,  where  it  occurs  with  Franklinite,  is  a  ciystal- 

IumhI   manganous  silicate   resembling  the  preceding,   but  likewise  containing  einc. 

Specific  gravity  =  3*63.  The  following  analyses — a.  by  Hermann  (J.  pr.  Chem.  xlvii. 

5);  h.  by  Rammelsberg  (Minerakhemie,  p.  459)— lead  to  the  f<»nnula  7MnSiO'. 

2FeSiO».  2CaSiO>.  MgSiO*.  ZnSiO*:— 

LoMbj 
SIOS  MnO  FeO  ZnO        CaO        MgO       ignition. 

o.     46*48         31*52         7*23         5*85        4*50       3*09         1*00     »       99*67 

b.     46*70         31*20         8*35         5*10        6*30       2*81         0*28     =     100*74 

Manganous  silicate  is  often  mixed  with  manganous  carbonate,  manganous  oxide,  or 
qwirtz,  as  in  the  several  varieties  of  siliceous  manganese  from  Elbingerode  in  the  Hartz, 
known  as  Aifagite,  Photizite,  Comeotu  Manganese^  &c  Rhodonite  likewise  becomes 
altered  by  the  tendency  of  manganous  oxide  to  pass  to  a  higher  state  of  oxidation, 
accompanied  by  absorption  of  water,  the  red  colour  of  the  mineral  changing  to  brown 
or  black,  and  indefinite  compounds  or  mixtures  resulting,  which  may  consist  either 
partly  of  silicates,  or  wholly  of  an  oxide  of  manganese.  Marceline  or  Heterodine  from 
St.  Marcel  is  a  mineral  of  this  kind ;  also  Stratopeitet  a  black  amorphous  mineral  of 
specific  gravity  2*64,  from  the  Ptgsbeig  mine  in  Philipstadt,  in  which  Igelstrom  found 
85*43  per  cent,  silica,  32*41  manganic  oxide,  10*37  ferric  oxide,  8*04  magnesia,  and 
13*76  water. 

[For  analyses  of  these  indefinite  varieties  of  siliceous  manganese,  see  Bammels^ 
berg's  Mineralchemiey  pp.  460 — 462.] 

SBOBOPBTXXiZTB.     Syn.  with  Rhodochboicb. 

SBOBOTAmrZC  ACZB,  or  SBOBOXAWTBZXr.  Tannic  acid  from  the 
leaves  of  the  Rhododendron  fcrrugineum.  (R.  Schwarz,  Wien.  Akad.  Ber.  ix.  298  ; 
Gm.  XV.  530.) 

XB01K8-8PAX.  Syn.  with  Magnesite  or  native  carbonate  of  magnesium 
(L  787). 

SBITBASS.  Rheum.  Many  species  of  rhubarb — Rheum  paUnatum,  Rh.  ttnduia- 
ium,  Rh.  compactumf  Rh.  australe,  Rh.  hgbridum,  &c. — grow  wild  on  the  high  lands  of 
Central  Asia,  and  some  of  them  are  cultivated  in  various  parts  of  Europe.  The  roots 
are  much  used  for  their  purgative  properties ;  several  kinds  occur  in  commerce,  the 
most  esteemed  being  the  Turkey  rhulnirb.  In  this  country  the  waved  garden  rhubarb, 
Rhtum  nndulatum,  and  the  lai^  garden  zhubarb,  Rh.  hybridum,  are  much  cultivated 
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for  the  saVo  of  their  jnify  utems,  which  hare  a  plcamit  acid  taate,  and  mre  used  tat 
making  pastry.  The  jiiiiv  of  the  Htenu  eoutains  oxalic,  citric»  and  malic  acida^  the  latter 
BometimiHi  in  oonflidorahh*  quantity.  Dessaignea  (J.  Phaim.  [31  zzT.  2S)  obtamfd 
from  a  litre  of  the  juice  of  lih.  eompactum  (after  remoTing  the  oxalic  acid  bT  chloiida 
of  calcium),  15  pmiH.  of  acid  calcic  malate;  lih,  Bkaponiieum,  on  the  otLier  hand, 
yielded  only  7  grms. 

The  root  of  rhubarb  has  been  made  the  subject  of  nnmerona  inTeati^tion*^  the  moit 
important  of  which  are  tliofie  of  SchloHeberger  and  Popping  (Ann.  CIl 
PhanruL  196),  find  of  De  la  Kue  and  Mtiller  (Chem.  Soc.  Qn.  J.  x.  298). 
8chlo88berger  and  Dopping  found,  in  the  alcoholic  tincture  of  rhubarb,  a  nnmber  of 
aubstanceH,  which  were  iiflom'ardB  found  also  by  De  la  Rue  and  Mnller  in  the  depont 
which  separates  from  the  tincture  after  long  standing.  These  are: — 1.  Ckrygopiaitie 
acid,  which  sef^aratcs  to  the  amount  of  about  4  per  cent,  from  the  alcoholic  deooctien 
of  the  procipitiite;  2.  Eri/ihrontin^  contained  in  the  mother-liquor  of  the  chijM- 
phanic  acid,  and  obtained  from  it  by  repeated  precipitation  with  ether  and  solutioo  in 
alcoliol ;  3.  Vhteoretin^  the  portion  of  the  alcoholic  decoction  which  ia  insoluble  in  ether; 
and  4.  Aporetin,  in  the  portion  of  the  original  deposit  insoluble  in  boiling  alcohol.  (See 
these  si'VORil  substances.)  By  exhausting  the  pulveris€)d  root  with  benzene,  or  with 
light  coal-tar  oil,  to  extract  the  chn'sophanic  acid  (which  is  the  best  mode  of  propnring 
that  substance,  L  958),  then  distilling  off  the  greater  part  of  the  solvent,  presniug  oat 
the  liquid  from  the  nearly  solid  rt>sidue,  and  repeated  solution  in  hot  benzene,  IV  U 
Itue  and  Miiller  likewise  obtained  a  reddish-yellow  crystalline  substance,  emod'tM, 
insoluble  in  benzene  (ii.  486). 

Fur  the  older  investigations  of  rhubarb-root,  which  were  made  chiefly  with  the  viev 
of  extracting  an  active  medicinal  principle  fi*om  it,  but  did  not  lead  to  any  definite 
result,  see  Handworterbuch  dcr  Chrmie^  vL  819.  Schlossberger  and  Dopping  aro  of 
opinion  that  the  physiological  action  of  the  root  cannot  be  attributed  to  any  one  of  its 
constituents  in  particular. 

The  ash  of  the  stems  and  leaves  of  rhubarb  [what  species?]  has  been  analysed  by 
Th.  Richardson  (Jahresb.  1847-48;  Tafel  C  zu  S.  1074),  with  the  foUowiog 
results : — 

K»0        NJ.20       CaO        MgO       SO*       SIO*      P«0»   ?•"'?<><  N«CI 
Stenu       .        .       A9A0         0-46        10-04        .    .  1S9       TT!        13  O       t-H        S*84     »      99*19 

Leavet     .       .       14  47       81-77         8*96        5-S9         9b%       S'SS       80  04       9-33      tiace     =    lOO-M 

The  stems  [fresh  or  dry  ?]  yielded  0*41  per  cent,  and  the  leaves  1*23  per  cent.  ash. 

R.  Brandes  (Jahresb.  1853,  p.  581)  has  examined  the  inoiganic  conatituents  of 
four  kinds  of  rhubarb-root.  A  Russian  sp4>cies  gave  5*03  per  cent^  water  and  18'2 
ash  ;  a  Chinese  8pe<:ie8  8-2*2  water  and  8*82  ash ;  an  older  Austrian  species,  9*0  water 
and  5-8  ash;  a  younger  Austrian  species  (both  cultivated  at  Bilitz),  11*2  water  and 
6*54  ash. 

The  ash  from  100  pts.  of  the  dried  roots  contained : — 

Soluble  in  watrr.  Insoluble  In  water. 

<"^ ~" -*■  -  *■  ■      _  ri 

KCI      KUy     CaO     MgO    SO*    Ft^lfi  Al«0»    CaO    MgO    MoO    PSQ*    Sl6* 
RuMian       0*196    O-VU)    0-9SO    trace     .    .      0-100    0-008    R-SS8    0-244    trace    0-MO    0*019    a  ll-MI 
ChincM       0-420    0-J15     .    .      trace     .    .      0  115    0015    40M    0195    trace    0*965    0*096   m    6*844 

^IJiIjJ,'*"*  }0145  0H40  .  .  trace  0-445  0*125  0*060  1*635  0*355  trace  0*765  0*086  >■  4-896 
y^ounger*  }  O'OSO    2*525     .    .      trace    0^50    0 140    0*0  5    0*605    0  825    trace    0*870    0*015    «    4^61 

Tip  (Jahresb.  1854,  p.  657)  found  in  100  parts  of  rhubarb-root  dried  at  100" 
(I.  Russian,  II.  Chinese,  III.  Root  of  Rheum  pal7natum^  IV.  a  the  tap-root,  and  IV.^ 
the  branch-roots  of  lih,  undulatum),  the  following  quantites  of  ash  and  cileiB 
carbonate :  — 

I.  II.  III.  IV. «.  IV.  A. 

Ash     .         .         .         170  230  3-6  11*6  10*0 

CaCO*  therein     .         15-6  223  1*7  11*5  8*4 


SBVBA&BASZC  ACZB 


V     Syn.  with  CHBTsopaANic  Acn). 


Sumach.  Many  species  of  this  genus  are  very  rich  in  tannic  add,  which 
in  Rhus  Coriaria^  Rh.  glabra,  and  Rh.  typhina,  exists  in  all  parts  of  the  plant  The 
tannic  acid  of  the  sumachs,  like  gallotannic  acid,  yields  gallic  acid  when  treated  with 
sulphuric  acid.    (Stcnhouse.) 

The  leaves  of  Rh.  copalfina  and  Rh.  alahra  contain  a  considerable  quantity  of  add 
malate  of  calcium.  Rh.  Metopium  exudes  a  yellow,  cmetie,  pnif^ative  renin ;  the  wood 
is  rich  in  tannin.  Rh.  succedanea  is  said  by  some  authorities  to  yield  Chinese 
according  to  others,  this  subbtauco  is  produced  by  an  insect  living  on  the  pUmt. 


no  RICINOLEAMIDEU.RICINOLEIC  ACID. 

When  strongly  heated  on  platinum-fbil,  it  barns  with  a  Inminonu  miol^  flane.  Db^ 
solves  in  oil  of  vitrUd  witiiout  coloration  ;  the  solntion  is  coloured  green  by  chromste 
of  potasbiura. — Dissolves  in  nitric  acid  without  evulving  red  fumes,  and  on  erapontion 
leaves  colourlt^ss  needles,  which  turn  white  in  water. 

Ricinine  is  insoluble  in  water. — It  forms  with  ht/drocUorie  acid  a  eomponnd,  whidi 
is  decomposed  by  cvaporatin^r  the  solution. — Its  solution  mixed  with  tHercuritcklor^, 
solidiflcfl  after  some  minuti-s  to  a  crystalline  mastt  of  fine  needles. — ^Tbe  hydrochlorie 
acid  solution,  when  cvai)oruttfd  with  chloride  of  idatinum,  yields  orange-ooloared  oeia- 
hedrons  of  the  doable  salt 

BZOZVOXAABBBB.    C"H"NO«  -  ^"""^'|n.    (Boullay.  J.  Fharm.  pl 

T.  329. — Bonis,  Ann.  Ch.  Phys.  [3]  zliv.  96.) — Produced  by  saturating  an  aloobolie 
solution  of  castor-oil  with  ammonia-gas,  and  leaying  it  to  stand  for  three  or  foar 
muuthft,  or  heating  it  for  a  few  days  in  a  salt-bath.  When  purified  by  cryKtalliaation 
from  alcohol,  it  forms  white  cr}'8talline  needles,  melting  at  66^,  and  solidilVing  to  sa 
opaque  brittle  mass.  It  is  innolublo  iu  water,  Boluble  in  alcohol  and  ether,  and  is 
resolved  by  acids  and  alkalis  into  ammonia  and  ricinoleic  add. 

C'"H«0«  =  ^'"^"^|0.    (Bussyand  Lecann,  J. 

Pharm.  xiii.  70. — Snnliiiullor,  Ann.  Ch.  Pharm.  Ixiv.  108. — S  van  berg  and 
Kolniodin,  J.  pr.  Chem.  xlv.  431. — ^Buuis,  Ann.  Ch.  Phyw.  [3]  xliv.  103,  and  xiriii 
99. — Petersen,  Ann.  Ch.  Pbirm.  cxviii.  69. — Qm.  xvii.  131.)-— A  fatty  acid  produced 
by  saponification  of  castor-oil  and  of  the  oil  of  Jatrottha  Curcaa. 

Prtparation. — Cafttor-oil  is  saponifii^d  with  potash  or  soda-ley ;  the  soap  is  salted 
out  and  decomposed  by  hydrocliloric  acid ;  and  the  oily  mixture  of  ricinoleic  acid 
with  a  small  quantity  of  solid  fatty  acids  is  coohd  to  —10**  or  —12*  with  |  its 
volume  of  alcohol:  the  solid  acids  then  crystallise  out,  and  are  remored.  After 
driving  off  the  alcohol,  the  ricinoleic  acid  is  digested  with  excess  of  lead-oxide,  and  the 
lead-salt  formed  is  dissolved  in  ether,  and  decomposed  by  hydrochloric  acid  and  water. 
The  ricinoleic  acid,  which  is  left  on  evaporating  the  ethereal  layer,  is  purified  by  dis- 
solving it  in  aqueous  ammonia,  precipitating  with  chloride  of  barium,  and  crystallising 
the  barium-salt  from  alcohol.  From  the  barium-bait  the  acid  is  obtained  by  decom- 
position with  aqueous  hydrochloric  acid. 

Propertus. — Kicinol«ic  acid  is  a  pale  wine-yellow  syrupy  oil,  colourless  in  thin 
layers.  Speeific  gravity,  0-94  at  15^  Solidifies  completely,  at  —  6^  to  —  10°,  to  a 
granular  mass.  Inodorous.  Has  a  very  disagreeable,  ]>ersi8tent,  harsh  taste.  It 
mixes  in  all  proportions  with  alcohol  and  other.  The  alcoholic  solution  baa  an  acid 
reaction,  snd  decomposes  carbonates  with  eff«TV«»scence. 

JDecompositiona. — 1.  Ricinoleic  acid,  subjecti'fl  to  di^t illation,  yields  at  first  a  limpid 
and  afterwards  a  thick  and  repulsive-smelling  dihtillate,  free  ftrom  sebacic  acid 
(Saalmiiller). — 2.  It  does  not  absorb  oxygen  from  the  air,  or  even  on  long  exposure 
to  the  gas,  and  does  not  form  carbonic  acid  (Saalmiiller). — 3.  It  absorbs  a  little 
sulphurous  acid  gas,  without  becoming  solid  or  otherwise  altered.   (Saalmnller.) 

4.  By  the  dry  distillation  of  rieinoleates  of  the  alkali-metals,  various  prodacts  ait 
obtained,  according  as  the  neutral  salt  is  distilled  alone,  or  with  an  ezceat  of 
nlkali: 

a.  V.y  cautiously  difttilling  the  neutral  todium-salt  until  the  residue  begins  to  firoth 
up,  a  distillate  of  oenanthol  (iv.  174)  is  obtained,  the  residue  containing  the  sodium- 
salt  of  the  same  acid  that  is  formed  by  the  dry  distillation  of  castor-oUL  The 
sodium-salt  and  the  glyceride  of  ricinoleic  acid  are  tlierefore  decomposed  u  the  same 
manner  by  distillation  (S  t  a d  e  1  e  r).  According  to  Bonis,  the  neutral  ricinoleates  of  the 
alkali-metals  yield,  by  dry  distillation,  octyhc  aldehyde  (xiii.  187),  and  a  peculiar 
acid : 

C»n»'0«     «     C"H'»0   +   C»«H'»0«. 

h.  A  mixture  of  potassic  or  sodic  ricinoleate  with  excess  of  the  caustic  alkali  &oths 
up  when  heated,  emitting  an  odour  like  that  of  mushrooms  ;  then  thickens,  gives  off  at 
260°  a  large  quantity  of  hydrogen  gas  (no  carbonic  anhydride  or  gaseous  hydrocarbon) 
and  a  volatile  oil,  and  leaves  a  white  spongy  residue,  consisting  of  scbate  of  potaissium, 
together  with  a  neutral  oil,  which  yields  a  white  soap  by  saponification,  and  deposits 
crystals  of  palmitic  acid  when  cooled  (Bonis).  The  volatile  oil  is  a  mixture  of  methyl- 
ODuanthyl  with  heptylic  or  octylic  alcohol,  or  both.  (S»"e  Alcohols,  i.  98;  Hbpttlic 
Alcohol,  iii.  145;  Octylic  Alcx>hol,  iv.  170). — According  to  E.  T.  Chapman  (Ch«*m. 
8oc.  Qu.  J.  xviii.  290),  sometimes  tlie  one,  sometimes  the  other  alcohol  is  produced. — 
The  same  products  are  obtained  by  heating  castor-oil  with  excess  of  caustic  soda. 
(Bonis.) 

Eicinoleates. — Ricinoleic  acid  is  monoba.*«ic,  the  general  formula  of  its  salts  being 
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These  raralts  may  be  repreaented  bj  the  formuk  iHTSiO".  M'iPO*.  6H*0,  the 
namben  (^  atoms  of  ferrous  oxide  and  magnesia  being  in&«aal:8,  ini{.aa6:0^ 
in  «.  /.  as  1  :  1,   in  ^.  as  5  :  7,   and  in  A.  as  6  :  6. 

Bipidolite  occurs  also  in  Scotland. 

S3m.  with  Rb^lgab. 

A  mineral  from  the  Jonchimsthal,  ocenrrin^  in  small  blackiih 
monoclinic  crystals,  which  behavo  before  the  blowpipe  like  pyraigynte.  Aooording  to 
Bnsithuupt,  it  is  identical  with  xanthocone  {q.v.)> 

MXVJTLItMm  A  mucilaginous  sabstance  obtained  from  a  freshwater  alga^  RindM 
iuberoaa.     (Bra  con  not,  Ann.  Ch.  Phys.  [2]  Ixx.  206.) 

mOBZWZO  ACZB.    An  acid  existing,  according  to  Reinsch  (R^pett.  Fhara. 

[2]  xxxix.  198),  in  the  root  of  the  falftc  acacia  {Bobinia  pseudacticia).  The  iofiuiion  of 
the  root,  evaporated  to  a  syrup,  and  left  in  a  cool  place,  deposits  rhomboulal  crystals  of 
robinato  of  ammonium.  The  free  acid  is  a  syrupy  mass,  which  beoomes  crystalline  in 
contact  with  absolute  alcohuL 


SOBZVZZV.  A  ypllow colouring  matter  existing,  aocoiding  to  Eummell  (K.  Br. 
Arch,  xciii.  295),  in  the  wood  of  liobinia  pseudacacia^  from  which  it  is  obtiiined  by 
prtvipitating  the  aquoouN  decoction  with  basic  acetate  of  lead,  and  decomposing  tbs 
precipitate  with  sulphydrie  acid. 

iOmnnTM.    C»I1'*0>^    (Zwenger  and  Dronke,  Ann.  Ch.  Phann.  SnppL  L 


257;  Jahrcsb.  1861,  p.  774;  1862,  p.  498.)^A  yoUow  substance  contained  in  the 
blossoms  of  liobinia  jtsttid acacia.  To  ]in'paro  it,  the  recently  gathered  flowers  an 
boiled  in  water,  and  the  decoction  is  again  boiled  six  or  eight  times  with  freah  floweis; 
it  is  then  evaporated  to  a  syrup,  whicn  is  repeatodlv  exhausted  with  boiling  alcohol; 
the  alcohol  i8  distilled  off,  and  the  residue  is  sot  aside  to  crystallise ;  the  crystals  sre 
prpsfHKl  and  washed  with  cold  alcohol,  to  remove  the  greater  part  of  the  mother-hquor, 
and  diswlved  in  boiling  water;  and  neutral  acetate  of  lead  is  added  to  the  solotiMi, 
whereby  furcign  substances  are  precipitHt<>d,  while  the  robinin  remains  dissolTsd. 
The  filtrate  is  freed  from  lead  by  ffulphj'dric  acid  and  evaporated,  and  the  robinin 
is  purified  by  reciystallisation  from  water. 

Kobinin  thus  preptired  fumis  verv<leliciite  straw-yellow  crystals,  having  a  somewhat 
silky  lu8tns  and  containing  2C»H*»0'M  1H«C).  They  give  ofT  their  water  (14'46  per 
cent.)  at  100°,  leaving  auhyclrous  robinin.  which  melts  to  a  yellow  liquid  at  196^,  and 
volidifies  to  an  amorphous  mass  on  Cfxjlinfr.  A  uhvdrous  robinin  gave  by  analynis 
50-08  per  cent.  C,  and  5*51  II  (oalc  5119  C.  510*11,  43*71  0);  the  l^drate  gave 
43-50  C  and  6-33  H  (calc.  43-79  C.  598  II,  50-23  ()). 

Uubinin  is  neutral,  tastelesn  in  the  solid  form,  slii^htly  styptic  in  aqueous  solution. 
Water  and  alcohol  dissolve  it  slightly  in  the  ouM,  nuire  freely  at  the  boiling  heat ;  it  is 
insoluble  in  ether.  It  dissolves  quickly  in  alkaliH  and  alkaline  carbonatea,  forming 
golden-yellow  solutions;  the  ammoniacal  sr)lution  tnms  brown  on  standing.  The 
aqueous  solution  does  not  precipitate  metallic  Hjilts  ;  it  colours  ferric  chloride  dark- 
brown  or  greenish,  but  does  not  affect  ferrous  chloride.  The  alcoholic  solution  pieci* 
pitates  neutral  and  basic  acetate  of  lead.  It  reduces  cupric  oxide  in  a  boiling  alkaline 
solution  ;  is  not  altered  by  emulsin. 

By  dry  distillation,  robinin  yields  a  yellow  distillate,  containing  quercetin  in  solution. 
VHien  heated  above  its  melting  point,  it  bums  with  a  smoky  flame  and  a  smell  of  burnt 
sugar,  and  leaves  charcoaL  It  is  decomposed  by  concentrated  nitrie  add  (with  pecu- 
liar facility  by  the  fuming  acid),  with  formation  of  oxalic  acid  and  a  lai^  quantity  of 
picric  acid.  When  heated  with  dilute  acids,  it  splits  up  very  readily  into  quercetin  and 
robinin-sugar : 

C»H«K)"  +   2HH)     =    C'ff^O*  +  2(XH'«0«.» 

100  parts  of  crystallised  robinin  yield  37*96  parts  of  quercetin,  dried  at  100^  (by  cal- 
culation 38*25  parts). 

Robinin-sugar  does  not  cnrstallisi^  but  is  obtained  as  a  sweet  brown  mrmp,  which 
smells  like  caramel  when  heatea,  and  yields  with  nitric  acid  a  large  quantity  of  pinie 
acid,  together  with  traces  of  oxalic  acid.  It  reduces  cujpraie  qfpotasnum  in  the  oold; 
does  not  undergo  fermentation  with  beer-yeast. 

(C»»H»0»)*) 

»OCCa&&Aarz&IBa,  or  FkenyUroccellamid€,  C<*H«>N*0*  -       (C^*)«  l|^.  — 

H«     ) 
When  roocellic  add  is  heated  with  excess  of  aniline  to  180^ — 200^,  water  and  aniline 
distil  over,  and  a  black  pitchy  residue  is  left,  which  when  drenched  with  alcohol  yields 
cxystaLs  after  a  few  days.     These  are  cdlected  and  purified  by  re[)eated  crystallisation 

*  It  will  b«  obierfcd  that  the  formula  of  robinin  ii  related  to  that  sMlgned  toquercetia  br  Zvcnarr 
»nd  Uronke  (p.  4).  '  "^ 
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from  boiling  alcohol,  with  help  of  animal  charcoal.  Boccellanilide  thoB  obtained,  forms 
beautiful  colourless  laminse,  which  melt  to  a  colourless  liquid  at  63'3^,  and  solidify 
partially  at  62^.  Neutral.  At  a  somewhat  elevated  temperature,  it  yields  a  colourless 
distillate,  without  any  carbonaceous  residue.  It  is  insoluble  in  water,  aqueous  am- 
monia, and  hydrochloric  acid ;  not  colouired  by  hypochlorite  of  sodium.  The  alcoholic 
solution  does  not  precipitate  alcoholic  neutral  acetate  of  lead. 

aocCXZAZO  ACZB.  C"H«0*-(^"gr^'y'|0«.— A  kind  of  fiitty  add  existing 

in  BocccUa  tinctoria  and  other  species  of  the  same  genus;  also,  according  to  Heeren, 
in  Lecanora  tartarea.  It  was  disooTored  in  1830  by  Heeren  (Schw.  J.  liz.  346),  and 
has  been  examined  by  Liebig  (Pogg.  Ann.  zxL  31),  Schunck  (Ann.  Ch.  Pharm. 
xxxviiL  459),  and  Hesse  {ibid,  cxvii.  332). 

Preparation, — 1.  Roccdla  tinctoria  is  exhausted  with  aqueous  ammonia;  the  filtrate 
is  precipitated  by  chloride  of  calcium ;  the  well-washed  precipitate  is  decomposed  by 
hydrochloric  acid;  and  the  acid  thus  separated  is  purified  by  solution  in  ether 
(Heeren).  The  liquid  filtered  from  the  roccellate  of  calcium  retains  erythric  acid 
(ii.  502)  in  solution. — 2.  The  lichen  is  freed  from  erythric  acid  by  milk  of  lime ;  the  residue 
b  boiled  with  dilute  hydrochloric  acid ;  the  acid  solution  is  removed  ;  and  the  residue 
warmed  with  dilute  soda-ley.  From  the  greenish-brown  solution,  hydrochloric  acid 
throws  down  green  fiocks,  which  must  be  suspended  in  water  and  treated  for  a  short 
time  with  chlorine  gas,  which  chiefly  removes  the  green  substances.  The  acid,  after 
being  treated  with  chlorine,  is  washed  with  water,  and  purified  by  recrystallisation 
from  boiling  alcohol,  with  help  of  animal  charcoal  (Hesse).  The  acid  obtained  by 
method  1  may  also  be  purified  in  this  manner,  or  by  passing  chlorine  into  the  alkaline 
solution  (Hesse). — 3.  The  lichens  are  exhausted  witn  ether  in  a  percolator;  the«ther 
is  distilled  off;  and  the  greenish-white  crystalline  residue  is  dissolved  in  the  smallest 
possible  quantity  of  borax-solution,  a  ^rtion  then  separating  out  as  the  liquid  cools. 
The  rest  is  precipitated  by  hydrochloric  acid,  and  purified  by  re-solution  in  boiling 
aqueous  borax;  then,  together  with  the  portion  of  acid  first  obtained,  by  recrystallisation 
from  ether,  with  help  of  animal  charcoal  (Hesse).  Schunck  treats  the  lichen  ex- 
hausted with  boiling  water,  and  thereby  freed  from  erythric  acid  [and  picroerythrin 
(ii.  503)],  with  boiling  alcohol ;  separates  the  green  fiocks,  which  fall  down  as  the 
tincture  cools;  and  evaporates  the  filtrate  to  dryness.  From  the  residue,  boiling  water 
extracts  a  small  quantity  of  picroerythrin ;  the  solution  then  prepared  with  cold 
alcohol  deposits,  on  addition  of  alcoholic  neutral  acetate  of  lead,  cr^nish-white  fiocks 
of  roccellate  of  lead,  which  are  decomposed  by  nitric  acid ;  and  the  acid  thus  sepa- 
rated is  purified  by  reciystallisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

Py'<>p«r^«.— Roccellic  add  forms  delicate,  white,  rectangular,  four-sided  plates, 
having  a  silvery  lustre ;  from  alcohol  it  separates  in  short  needles.  Melts  at  132^  to 
f  colourless  liquid,  which  solidifies  in  the  crvstalline  form  at  about  108^.  At  a  tem- 
perature somewhat  below  200*^,  a  portion  volatilises,  while  another  portion  is  converted 
mto  an  anhydride  (Hesse).  It  is  tasteless  and  scentless ;  the  alcoholic  solution  has  an 
acid  reaction.  It  is  perfectly  insoluble  in  water,  dissolves  in  1*81  pt  of  boiling  alcohol 
of  specific  gravity  0*819,  easily  in  ether  (Heeren);  slightly  in  warm  benzene, 
(Hesse.) 

Decompositions. — The  add  heated  to  between  220^  and  280°  gives  off  water,  tnms 
brown,  and  leaves  roccellic  anhydride,  C'^**0*  (Hesse).  By  dry  distillation  it  yields 
sharp-tasting  products  similar  to  those  obtained  from  the  fats  (Heeren)  ;  according 
to  Schunck,  a  distillate  which  solidifies  in  the  crystalline  form,  and  after  repeated  dis- 
tillation, remains  oily,  leaving  little  or  no  residue.  Roccellic  acid  is  but  little  affected 
by  reagents.  It  is  not  decomposed  b^  bromine,  sulphuric  add,  or  hydrochloric  acid, 
and  is  but  slowly  oxidised  by  boiling  with  hydrochloric  acid  and  chlorate  of  potassium. 
When  boiled  for  a  long  time  with  fuming  nitric  add,  it  gives  off  volatile  acids  having 
the  odour  of  butyric  add,  but  does  not  yield  any  crystaUisable  non-volatile  acids.  It 
is  but  slightly  altered  by  fusion  with  hydrate  of  potassium ;  heated  with  aniline,  it 
forms  roccellanilide.     (Hesse.) 

Roc  collates. — Roccellic  acid  decomposes  carbonates.  The  roccellates  of  the 
alkali-metals  are  soluble  in  water ;  the  other  salts  have  for  the  most  part  the  composi- 
tion C'^H'«M"0*.— The  barium-salt,  C"H*»Ba''0«,  obtoined  by  precipitating  the  am- 
monium-salt with  chloride  of  barium,  is  a  bulky  white  precipitate,  somewhat  soluble  in 
boiling  water,  insoluble  in  pure  alcohol,  but  easily  soluble  in  alcohol  containing  acetie 
acid.— The  calcium-salt,  C"tl**Ca^O*.H'0,  is  a  white  amorphous  precipitate,  which  givea 
off  48  per  cent,  water  at  160°,  and  decomposes  at  a  higher  temperature,  givingoff  acrolein 
and  a  combustible  gas  (Hesse). -A  basic  lead-salt,  2C»'H»»Pb"0«.Pb"H«0^.2H*0. 
is  obtained  by  precipitating  alcoholic  roccellic  acid  with  a  warm  alcoholic  solution  of 
neutral  lead-acetate,  as  a  white  powder  which  gives  off  a  small  quantity  of  watir  at 
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^{■•0^^»ii'  ".-ri'Ajr*'   ..4i>'«' -^    •.r.i,:!!-:  -■■  pr^--r:-!:^iijii.  :«a  wiuc«  Amorphooa  Bttii^ 

/:■«/  .?;':•;••  •."•*/:*•  "  -  '  "H* '.  IT*  ■=*"•*.  obcimtfd  bj  pflflUK  ajjxo- 
•ri...«'i'  o-.'.  riH  -.'■-  \  ▼i'^.  **.t.i.i.ii-*  •«,!  :•.•.'.:  if '  :h  h'u!.  i«  a  paLe-joLJav  qcI,  baiiBf 
1  !'.t  .-  t'  ..  i:.i>  v:o':r  .  i :' ■'  ~.i.ui  -viTf^r.  :^«>  ii-'  f  :n  Wj?rixtal  in  aqiMoaa  aaimnnM, 
*.•■:  -.'  r  tr  .1.  -.••:  ■>.  ".^-r    ;^-  i., :.- -ti^  ,p  v*  i.--  ii.i.'  i.-nauuia  •»?>>&  afb^r  a«Tecmi  nbcsua' 

w*-.  ^*  ..--  ^-..:  •■•f.r.-..-.:/  'I.t*  :-!:i.-.-f-«:  ■*'h»-r»»:il  Miixr.oii.  Ie  »  a  eoioarlM*  or 
fi  ■.'.*■  J/  7-*i  '■■■»  .-,.*■■.•  n.         .'.;t-  r.;/  4  :.ir-7  ,•:■  nr.  T.ak&»  zmu^-^potsoa  paper:  discoiref 

;.'.?/.  i»v.  **.  .'^  i.ii:     7 ".■.•%  ■»■,  -.  ■•■i.'^4  :■'■''■.  I M-yiT'Taixeil  with  hvdirQehlorie  acid, 

'I'^r '>•<•' .4  V  .,*'*  ri->  11  »!.'  .f  '^.i  :  ;-?  :.~.  %;  •>.•<!.  ui^i  r»tiLuaiair,  wii«a  tiie  alfc'icJ  ii 
*rr\y.r\r.>-*..  w  i  ^o-rr.:  -7  »r^:  ..'.•-  v  :  v'.  har::;;^  i  bomiiig  c^^vi'  prolMtblja  nuztneof 
fiT/'Ai.  .'  -I.-..!  .•■ir.'f;,i.>.m.-"  u..r!.i,       H**^*.- 

"-•■  *■?■* 

C ^Ff  *<  J  ?      *  r .* a  h 0 a « *,  Anx  Cb.  Fbum.  Izriii.  69.)— A 
«». -7 *'*i. ;.-:*:  »-*'•<•.*.-..**•   or.r.i.r.-^.  vc- '.'.»•  r  w.*h  3-.r**iii-?  iui<l    ir.  23^  »•  from  B'jcoIU 

t...t*f^.n.  It  jT-rrir-*:  :*,  r:.^  j-.  .:.:.  •;*  m.L*<«  i^'" r<w ai^ti  bj  pre<rip:taCin^  tike  lina- 
•ri\T\t^  nf  t/...  1.  ti-r*  "iv.'-i  h'-Ir^  ..  r-  -i- i-i  >  ri/iie-l  wi?n  :il  •:•>£«>{•  vfaecvbr  the  ^ 
r.m^'i^i-  *«■ 'J  ,.<  t,-4.jif. .rrij-'i  ;..*o  ,»"n^l.L .  i'**'  -.f  -•hvi  iv.  236.  vliil^  the  rfXAxUiwi 
f-TTiJ*  IJ4  ir.iiN  r'-«l.    7h*  :r/l-i':*  i^  •f-i''"i  *;t.-i  ■'■  .1.:*:;  wir.»-r,  which  diasulTe*  oat  ftU 

hf-'-f  *■...:.. u  ■ry^'t^.^.'.*■'^  f-orr.  "'i-...ir.j  ;ii  «#•■;■■;  ir.  *.lk_v  urr:*::*^.  n^'&rij  injolable  in  eaU 
•I.v.'.'fl  -ir.'l  '■•}.-r.  I*  I'i" »-.-  'V  1:.  I ;.-.-  <;:i  I*— *;j-'i7  f^r  o»-it.  carbuo.  and  4"65— 4"90 
h', 'Irf^fn.  *i,f:  f-.r:.'i';!4 'J'ii  *</ r  .  i:r.:.^  *Vi>*.,A'  H.  aad  325  O.  It  is  euilf 
'ijfl^oi.v'l  Ky  an.rri'-<nia  »ri-i  *■?.•'  iix-  i  a-kfiiis:  t:i*-  -'jji^i'-n.*  'io  dot  become  coioored  oa 
•xf^'/Mtir*'  to  ri.';  \ir.  It  ih  D-^t  a**4-:k*^l  ^y  l-Kiryra  or  ^v  boiling  potash.  It 
jfrffi\,.tntjt  tu-.tH\i'ic  »«Iiiri</rii.     H-jt  oitric  acid  c</aT'.-7t«  it  into  oxalic  acid. 

\    S^»di'/-fKfra!i<*ic  tartrate.    (S«e  Tabtaxic  Acn>.) 

Svn.  with  rfKkKE.vTi.vE. 


A  Tarifttjr  of  asbf-stos  ^L  415). 

I'lir^;  crystallibed  silica.     (See  QruBn.) 
>OClL*lffTliW  i  or  Aijnric  Mineral.      A  loose  friable  Tariety  of  limMtooa  (u 

Hf-e  Sfiiuuif,  Chlohiiie  or. 

A  ranVty  of  bole. 

[TB.    A  hylnitf^d  fFTro«o-fprric  fiulphate,  occarring  on  the  Rammebbeii^ 

TiMir    Hoflliir,    in    inorHK:1inic   crystals.    accjmpaniL'd  and  interpenetxated  bj  i! 
aii'l  ffrrir  Hiil|>hat4?H.     { linnnrifhfMrtfs  MinfraL-MMt'tf  p.  292.) 

XIBSSXiBSZTS.  A  hydratcfl  arni-nate  of  magnesium,  occorrins;  together  wm«. 
plinrriiii(-«>litf;  and  f cobalt -I  rl'x>m,  in  tin-  cuiirifvrous  ithale  of  Biber,  near  Hanan.  It  fuau 
tliin  flIfniiiN  or  laminar  platcH,  or  dentiform  and  Tprmicular  masses.  apMrently  ckav^ 
able  in  one  din>ction  ;  liarfincM  (of  tlio  unalUTed  mineral)  =>  2  to  3.  Translaccnt  to 
IninHiiar^nt,  colon  Hew  or  whitr*,  with  viirfOUH  lustre.  On  exposure  to  thf)  air  it 
bcmniiN  op:i(|nr\  dull,  and  \vhi*  haril.  apfmrently  from  loss  of  wuter.  BefoK  the  blow- 
pi|M«  it  irxvt'H  nil  it.H  water  and  mi-lts  to  a  white  enamel.  Dissolves  easilv  in  hydn^ 
rhlfirip  iirid  (HI urn,  Juhn'Mb.  1861,  p.  1031).  Contains,  according  to  D^fSi,  40*16 
AnT)^,  14-22  Mk^,  with  truce  of  cobalt,  and  46*62  water  (  -  100),  whence  the  fbnnab 
2Mg"O.A»"0».16lPO. 

XOmiTS.      A   mineral,  consisting  esst^ntially  of  hydnted    nickel-eiliorti^ 

occurrinfT,  toKfthrr  with  conarite  (hydnitfd  nickd-phasphate),  in  the  Hane-Oeoig  miae 
ni*nr  Hoi  tin,  in  tlu*  Saxon  Voigtltind.  It  forms  thick  lenticular  and  wedge-eh^fd 
maNHOH,  NomciinK'H  weighing  several  pounds ;  is  of  an  emerald-green  colour,  lai^j 
pasNinK  into  applc'^reen ;  usually  dull  and  optique,  but  translucent  on  the  edgM  t 
MMuetimos  brittle,  and  Hplits  with  moderate  facility.  Fracture  conchoidal  to  earthy. 
Strr>.ik.  dark  npplo-green.  Hardness  >=  2  to  3.  Specific  gravity  »  2*366  to  2  870. 
A.  Winckler  found  in  lumps  translucent  on  the  edges: 
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NiO     CoO    CuO  F<jH>«A1*0«    SiO«    PW  A«i»0»   SO*      H«0 
35*87     0-67     0-40     0*81     468     3916     270     0*80     trace     1117     -     95*56 

Hence  the  mineral  appears  to  oonsist  essentially  of  3(3Ni*O.SiO*).4HH).  (Br  ei  tlianpt« 
Jahresb.  1859,  p.  791.) 

XOMAJTZOVira.    A  brownish  lime-garnet  from  Eimito  in  Finland. 

HOSKSm*  or  SOMBZra.  A  mineral  found  at  St.  Marcel  in  Piedmont,  in 
groups  of  minute  orvMtals  in  the  gangue  which  accompanies  manganese.  The  crystals 
are  dimetric  octahedrons,  haying  the  basal  angle  ■>  110°  50' — 111^  20',  and  the  anele 
over  the  summit  68°  10'— 69''  10'  (Dufr^noy).  It  scratches  glass.  Specific 
gravity  in  grains  =  4*714;  in  powder  =  4*676.  Colour,  hyacinth  or  honey-yellow. 
Coutains  16*82  per  cent,  oxygen,  62*18  antimony,  1*31  iron,  1*21  manganous  oxide, 
16-29  lime,  0*96  soluble  silica,  and  1-90  insoluble  silica  -99*67  (or  40*79  SbK)*,  86*82 
8b*0«.  1-70  FeO,  1*21  MnO);  and  ma?  be  represented  by  the  formula  3M''0.Sb«0«.SbK)*. 
(Damour,  Ann.  Min.  [3]  xx.  247  ;  [6]  iii.  179.) 

XOBAJrzXiZVS.  Aniftne-red.  See  Phextlaxikks  (iv  468).  Nitrons  acid  oon- 
Terts  it  into  rosolic  acid.    (Wanklyn  and  Caro,  p.  117.) 

Hydrocyan'Tosaniline,  C"H*N<  -  C»H"N'.HCy.  (Hugo  Muller,  Zeitschr. 
Ch.  Pharm  1866.)— A  base  produced  by  addition  of  the  elements  of  hydrocyanic  acid 
to  rosaniline,  analugons  therefore  in  composition  to  hydrocyanharmaline  (iii.  8).  It 
has  a  great  resemblance  to  leueaniline,  the  base  formed  from  rosaniline  by  addition  of 
hydrogen  (iii.  674).  It  is  prepared  by  treating  a  finely  pnlyerised  rosaniline-salt  with 
alcohol  and  cyanide  of  potassium  (the  latter  being  added  in  the  proportion  of  about  |,  if 
acetate  of  rosaniline  is  used);  the  resulting  yellowish  white  powder  is  washed  on  a 
filter  with  alcohol,  then  dissolyed  in  dilute  hydrochloric  acid  ;  the  solution  is  warmed 
and  mixed  with  dilute  alcohol;  and  the  base  is  precipitated  by  ammonia,  mixed  with  a 
little  cyanide  of  potassium  or  hydrocyanic  acid,  in  case  the  solution  should  still  exhibit 
a  red  colour  from  unaltered  rosaniline.  A  white  or  yellowish-white  bulky  precipitate 
is  thus  obtained,  which  becomes  crystalline  after  a  while,  and  then  quickly  settles  down. 
If  it  is  coloured,  it  may  be  purified  by  resolution  and  reprecipitation;  or  the  hydro- 
chloric acid  solution  may  be  decolorised  by  treatment  witJi  animal  charcoal. 

Hydrocyan-rosaniline  precipitated  from  the  aqueous  hydrochlorate  by  ammonia, 
forms  a  dazzling  white  opaque  crystalline  powder.  From  a  warm  alcoholic  solution,  it 
separates  in  small  transparent  monoclinic  ciystals,  having  a  splendid  diamond  lustre. 
Alkalis  added  to  a  yery  dilute  aqueous  solution  of  one  of  its  salts,  separate  the  base 
either  as  a  milky  turbidity  or  a  curdy  precipitate  resembling  chloride  of  silyer.  It  is 
permanent  in  the  dark,  but  becomes  rose-red  on  the  surface  when  exposed  to  sunlight. 
It  is  decomposed  by  fusion  with  potash,  apparently  with  reproduction  of  rosaniline. 

Hydrocyan-rosaniline  dissolves  very  easily  in  hydrochloric,  nitric,  and  sulphuric 
acids,  forming  colourless  crystallisable  salts.  The  hydrocUoraU  separates  from  a  very 
concentrated  solution,  in  large  apparently  monoclinic  crystals,  permanent  in  the  air, 
and  very  soluble  in  alcohol.  The  nitrate  and  sulphate  are  also  very  soluble,  but  more 
difficult  to  crystallise,  the  solutions  having  a  great  tendency  to  dry  up  to  gummy  massea. 
The  solution  of  the  hydrochlorate  is  not  precipitated  by  chloride  of  platinum,  but  on 
evaporation,  the  chloroptatinate  separates  as  a  heavy  resinous  body.  A  solution  of 
putassic  picrate  forms,  even  in  very  dilute  solutions  of  the  salts,  a  yellow flocculent  pre- 
cipitate, which  at  a  gentle  heat  cakes  together  to  a  dark-yellow  resin. 

KOBB,  OX&  OF.  A  vobitile  oil,  extracted  chiefly  in  Persia,  India,  and  the  State 
of  Tunis,  from  several  species  of  very  odoriferous  roses,  especially  Rosa  centifotiCt  /?. 
damasceHOj  R.  moschata.  It  is  a  thick  yellow  liquid,  solidifying  at  low  temperatures  to 
a  buttery  mass  of  transparent,  colourless,  shining  lamins,  whicn  does  not  liquefy  com- 
pletely again  below  28° — 30°.  The  scent  of  the  oil  is  yery  fragrant  when  much 
diluted ;  but  in  the  concentrated  state  it  causes  headache.  The  oil  is  a  mixture,  in 
variable  proportions,  of  a  camphor  or  stearoptene,  and  an  oxygenated  oil  which  has  not 
been  analysed.  Specific  gravity  of  the  cruae  oil  «  0*87  (Chard in,  Ann.  Ch  Pharm. 
yii.  164);  0*8912  at  16*6°  (Gladstone  and  Dale,  Chem.  Soc.  Qu.  J.  xvii.  1).  Index 
of  refraction  at  26°  »  1*4567  for  the  line  A,  1*4627  for  D,  1*4836  for  H.  Molecular 
rotatory  power  -•  7°.    (Gladstone  and  Dale.) 

Rose-camphor  is  very  slightly  soluble  in  alcohol,  but  very  freely  in  ether  and 
essential  oils.  It  forms  laminae,  melting  at  85  ',  and  boiling  between  280°  and  300''. 
It  is  a  hydrocarbon  having  the  composition  of  ethylene  (Saussure,  Blanche t,  and 
Sell).  It  is  soluble  in  caustic  potash  and  acetic  acid ;  very  slightly  attacked  by  hydro- 
chloric and  nitric  acid. 

Oil  of  roses  is  often  adulterated  with  oil  of  geranium.  According  toGuibourt(J. 
Pharm.  xv.  346),  the  adulteration  may  be  detected,  either  by  means  of  strung  sulphurio 
acidf  which  does  not  impair  the  purity  Mud  sweetness  of  rose-oil,  but  developea  in 
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prAninm-oil  n  itron^  diimfn^f'aMf!  odour,  even  with  totj  small  quantiticfl;  or  by  ezponof^ 
the  oil  to  iodine-vaitour^  which  doos  not  alter  Che  coloor  of  roae-oil,  but  colonm  g»n* 
Ilium-oil  a  very  deep  brown ;  or  by  ezi^jsing  it  to  nitrous  acid,  which  ooluun  roMs-oil 
deep  yelluw,  and  gcrauium-oil  apple^grecn. 

XOSBZVa.  8yn.  with  Rosaitilinb  (iv.  46R). — D.  8.  Priee  (Bep.  Pttt.  InTcnt 
1K6(),  p.  159;  Jahreab.  1859,  p.  760)  applies  the  term  espeeiaUy  to  the  red  dje 
olitainrd  by  treating  sulphate  of  aniline  with  pc-rozide  of  lead. 

An  arsenate  of  coluilt,  ncrurring  in  small  qiuntity,  on  qiuutz,  it 


Schneclx'rg  in  Saxony,  in  tri metric  cryntJilH,  having  the  angle  odP  :  ooP  m  132^  48"; 
oP  :  f  00  »  158°  2'.  Cleavage  distinct  and  brilliant,  parallel  to  oof  ao .  Hazdneas  m 
8.     Colour  deep  rose-rod.    (Levy,  Dana"*  Mincralotfy^  ii.  417.) 

KOBB&XhAiV,  or  R08ITB.  A  variety  of  anorthito,  from  Aker  in  Sodenniuilaiid. 
Swodt-n,  h»ivinj;  a  ros«'-nNl  colour  and  granular  structure.  When  heated,  it  giTes  of 
water  and  lii'Comes  colourless;  melt!«  easily  before  the  blowpipe.  Contains,  ace(Hdiiig 
to  SvanlM>rg.  41*90  per  cent,  silifti.  Sl'SO  alumina,  0*69  ferric  oxide,  0*19  maDnnie 
oxide,  300  lime.  2*45  magnesia,  6*63  potash,  and  6*53  water.  {Bammeisberj^s  Jtfiae- 
rafcht  i/tic,  p.  592.) 

BOBBBEASYv  OX&  OF.  Obtained  by  distilling  the  firesh  leaves  and  flowen  of 
RoMmarhtHJt  itffirina/is  witli  watr>r.  It  is  tnins|nirent,  colourlen  or  yellow,  of  ^Mcifie 
gravity  0  88  to  0-91  (/**ller),  09080  at  15-5°  (Gladstone  and  Dale).  Boils  U 
165° — 108'^  (KaiM') ;  neutral:  hns  a  cam]>honiuri  tante,  and  the  oduur  of  the  plant 
Indoxofrcfmi'tioiiat  10o°- 1-4(J32  for  A;  llfihSforD;  l*4867forIL  Optical  rotatoiy 
power  =  — 17^  (01  ad  stone  and  Dale).  Acconling  to  Lallcmaud^  on  the  contruy, 
It  is  drxtporoialory. 

Oil  of  n)semary  is  blackenetl  by  strong  sulphurii'  acid;  the  mixture  luitnnited  with 
lime  vioMs  the  ealeium-sjili  of  a  jwculiar  aci'i  i  Tn  verdorben).    The  mixture  of 


mary-oil  and  Milphuric  acid  vii'Ms  by  di^rillatinn  an  empyreumatic  oil  (Kanrs 
ntsmarine)  having  th*-  alliai'i-tiU-"*  odour  of  m.sifvU-n**,  a  Bp«'cifift  prarity  of  O-BoT, 
boiling  at  173'^  antl  isonirric  with  turjM'ntin«'-uil.   jSt-e  (iiiuUns  Handtniok,  xir.  896.) 

Acconlincr  to  Lallemand  (Ann.  C'h.  Thys.  [3]  Ivii.  404),  oil  of  roBeraaiy  may  be 
separated  liy  fractional  distillation  into  two  oils,  om-  U>iling  at  166°,  the  other  between 
200"  and  210". — u.  The  former  is  a  mnbilo  hydrocarbon,  which  tumn  the  plane  of 
polarissition  to  the  bft;  it  unitc^K  with  hi/thiK'hf uric  acid ^  the  combimition  lK.*ingatteiid*>d 
with  ris4'  of  lempiTatiin-,  and  fopnis  a  comptMind,  which  remains  liquid  if  left  to  itselt 
but  when  troat»*d  with  nitric  aciil,  yielils  a  cnnsi.b'rabli:  quantity  of  a  crystalline  hyditH 
ehloRite,  app;in>ntlyid«>nt ic.il  with  hydruclilonite  of  turpfntine-oil,  or  artificial  camphor, 
('>"n>*'.IK:i.  The  Kime  oil  quickly  absorlis  moist  oxygen  in  sunshine,  forming  ciyvtabi 
wliich  an>  similar  to  1 1 lose  pnMlucctl  in  like  manner  from  oil  of  turn«^ntine,  but  disappear 
if  Rulijcctcd  to  tho  further  action  uf  oxytrm.  yielding  a  bn)wn  acid  soluble  in  water. 

h.  The  portion  lK>ilini;  brtwei-n  2iM»  and  2Uj^  di  p>sits,  at  low  temporat urea,  alazgB 
quantity  of  camphor,  rtsenibling  common  camphor  in  all  respocta,  excepting  that  it 
haa  nilher  less  dextrorotutory  (hiwit.  An  atlditional  quantity  of  it  may  be  obtained 
by  tn'ating  tho  motht  r-liquor  with  dilute  nitric  acid. 

ROSBWZTB.     Syn.  with  Plaoionttb. 

JtOSaO-OBSOMZO  BAXiTS.     See  Chroiiiox  (i.  951). 

mOBSO-COBAZiTZC  8AXT8.   Sec  ConALT-TUSis,  AwosriACAL  (i.  1052).    For 

Braun's  view  of  tho  constitution  of  thesse  and  otht-r  ammoniacal  eobalt-conipoiuidi; 
aee  Ann.  Ch.  Fliarm.  cxxxii.  33 ;  Jahresb.  1804,  p.  273. 

SOSa  QVASTE.     Si^  Qi-AKTZ  (p.  1). 

ROSSTTB-OOFFSX.     S«.>e  Coppeh  (ii.  33). 

S08B\(rOOI>9  OZZi  OF.  Oh  Htn  Jipni  rhodii. — A  volatile  oil  obtained  from  w*^ 
wood  {Convnlvului*  Hropanuif\  by  distillation  with  water.  It  is  palely  el  low,  eoroewhat 
viscid,  and  consists,  to  aliout  J.  of  a  hydrocarlH,n.  C'^il'*,  which  boil  a  At  249®,  and 
smells  like  roses  and  wtndalwiKKl.  Speoilic  gr.ivitv  of  the  crude  oil  —  0*00G4  at  15"d'. 
Index  of  refraction  at  17=  =  1*1843  for  A;  lilio3for  I);  1-5113  for  H.  Optied 
rotatory  power  =  — 10^  (Gladstone  and  Dali-).  li<if<4>wooil-oil  is  iiometim««  nscd 
for  adultoniting  oil  of  ros.s,  wliich  tlun-by  Iok.\s  itb  buttery  consibtcucc. 

Syn.  with  Kosei.i^x. 


XOBOXiZC  A.CZI>.     A  comiK>iiiid  prciduci-d  by  the  oxidation  of  phenol  in  pw»en« 

of  alkalis.  It  was  (lis.'-.vind  l»y  Ku  n;:*  ;  Pi.ir:'.  !Vnn.  xxxi.  70\  amongat  the  prulnc^i 
obtaim-il  by  tn-atinjr  c«»al-lar  oil  with  milk  of  lime.  When  the  mixtar«>  of  phenul. 
rcMM^licacid  andhninoli<'acid(i.riS4).  t!in»i.>lii:iiji,.l.  is.listilh-d  with  water,  phenol  pnswt 
•ver,  and  a  pitchy  residue  is  lift,  containing  rosolic  and  hrunolic  acids.     Thii  residne, 
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diMolyed  in  alcohol  and  mixed  with  milk  of  lime,  yields  a  rose-coloured  solution  of 
calcic  rosolate,  and  a  brown  precipitate  of  calcic  bmnolate.  The  solution  evaporated 
to  a  syrup,  and  mixed  with  a  third  of  its  volume  of  alcohol,  deposits,  after  a  few  days, 
rose-coloured  crystals  of  calcic  rosolate,  fi*om  which  the  roeolic  acid  may  be  separated 
bv  acetic  acid(Kunge).  To  obtain  the  rosolic  acid  pure,  the  treatment  with  lime  and 
alcohol,  and  the  decomposition  of  the  calcium-salt  by  acetic  acid,  must  be  repeated 
several  times;  and  finally,  the  alcoholic  solution  of  the  acid,  which  is  still  not  quite  free 
from  lime,  must  be  mixed  with  a  little  hydrochloric  acid,  and  diluted  with  a  large 
quantity  of  water:  the  rosolic  acid  then  separates  out  pure.  (HugoMiiller,  Chem. 
Soc.Qu.  J.  xi.  1 :  see  also  Tschelnitz.  J.pr.  Chem.lxxi.  416 ;  Jahresb.  1867,p.  447.) 

Kosolic  acid  is  more  easily  prepared  by  heating  phenol  with  certain  metallic  oxides 
in  presence  of  an  alkali.  R.  Angus  Smith  (Chem.  Gaz.  p.  20),  obtained  it  by  heating 
phenol  with  soda  and  peroxide  of  manganese ;  but  it  is  difficult  to  free  the  product 
from  the  manganate  of  sodium  formed  at  the  same  time.  An  easier  process  is  that 
given  b^  Jourdin  (K^p.  Chim.  app.  iii.  217),  who  uses  mercuric  oxide  instead  of 
manganic  peroxide.  The  action,  which  takes  place  below  150°,  is  complete  in  about  tea 
minutes,  and  the  solution  decanted  from  the  reduced  mercury  contains  pure  rosolate  of 
sodium.  Rosolic  acid  is  likewise  produced,  with  evolution  of  hydrochloric  add,  by 
heating  phenol  with  mercuric  chloride  (Jourdin);  also,  according  to  Schiitzen- 
berger  and  Sengenwald  (iv.  394),  by  heating  di-iodophenol  in  contact  with  the 
air.* 

According  to  Wankly  n  and  Caro,  rosolic  acid  is  closely  related  to  rosaniline  (iv.  468), 
and  may  be  produced  by  adding  a  solution  of  a  nitrite  to  any  salt  of  rosaniline,  and 
boiling  the  solution.  During  the  boiling,  a  copious  evolution  of  nitrogen  occurs,  and 
the  roeolic  acid  gradually  separates  out  in  the  form  of  a  pitch,  with  a  cantharides-like 
lostre.    The  reaction  probably  takes  place  by  two  stages,  as  follows  :  — 

C~H"N»  +   8HN0«     -     C«»(H"»1?»)N»  +  6H«0. 

RoMntline.  AxoroMniline. 

C»H>«N«  +   4H«0        -     C«H»«0*         +    3N» 
AsoroMntliDe.  Rutolic  acid. 

Roeolic  acid  is  a  dark-coloured  amorphous  substance,  having  a  greenish  lustre,  and 
Yielding  a  red  powder ;  in  thin  films  it  exhibits  a  red  colour  by  tiunsmitted  light.  It 
bakes  togethor  at  about  60°,  and  melts  in  boiline  water  to  a  dark-^en,  nearly  black  liquid. 
It  is  not  volatile,  and  not  easily  combustible.  It  dissolves  readily,  with  brownish-yellow 
colour,  in  alcohol  and  ether ;  also  in  phenol,  in  wood-creosote,  in  strong  acetic,  hy- 
drochloric, and  sulphuric  acids,  and  is  not  quite  insoluble  in  water ;  chloroform,  benzene, 
and  sulphide  of  carbon  do  not  dissolve  it  (Hugo  Miiller).  Its  composition  has  not 
been  fixed  with  certainty.  According  to  the  mean  of  MiiUers  analyses,  rosolic  acid  dried 
over  oil  of  vitriol  contains  75*92  per  cent  carbon  and  6*83  hydrogen,  agreeing  nearly 
with  the  empirical  formula  C"H"0«,  which  requires  76*27  C,  606  H,  and  17*68  O. 
Angus  Smith  proposed  the  formula  C"H**0'  (requiring  70*6  per  cent,  carbon),  and 
Busart  (R^p.  ChiuL  app.  i.  207 )»  from  his  own  an^ysis  (not  given),  deduces  the 
formula  C*H*6',  requiring  65*4  per  cent,  carbon.  According  to  Wanklyn  and  Caro, 
the  true  formula  is  probably  C*BP*0*  {vid,  sup.), 

RoHolic  acid  distilled  over  excess  of  soda-lime  yields  phenol,  a  portion,  however, 
suffering  further  decomposition  (Dusart).  According  to  Wanklyn  and  Caro,  it  yielda 
phenol  by  distillation  ^er  se.  It  is  easily  attacked  in  alcoholic  solution  by  chlorine 
and  bromine,  also  by  nitric  acid  when  heated,  forming  a  light-yellow  substance,  which 
dissolves  in  caustie  alkalis,  but  not  with  red  colour.  It  is  not  acted  upon  by  a  solution 
of  glucose  in  caustic  potash  TMiiller),  and  is  not  decolorised  by  sulphurous  acid 
(Du8art).  When  boiled  with  aniline  and  little  benzoic  acid,  it  forms  a  splendid  and 
very  permanent  blue  dye,  the  reaction  not  being  attended  with  evolution  of  ammonia, 
but  apparently  with  separation  of  water.    (Wanklyn  and  Caro.) 

Rttsolates. — Rosolic  acid  is  a  very  weak  add,  weaker  even  than  carbonic  acid.  It 
unites  with  ammonia,  the  fixed  alkalis,  and  the  alkaline  earths,  forming  dark-red 
compounds,  soluble  in  water  and  alcohol,  and  very  easily  decomposed  by  exposure  to 
light  and  air,  being  partly  converted  into  carbonates,  and  losing  their  colour. — The 
camiine-red  solution  of  rosolic  acid  in  alkalis  is  decolorised  by  boilmg  with  zinc-powder, 
but  the  colour  is  restored  by  addition  of  ferricyanide  of  potassium.  (Wanklyn  and 
Caro.) 

The  calcium-salt  separates  on  carefhlly  evaporating  its  solution  in  a  vacuum  over 
lime,  as  a  granular  or  crystalline  powder,  which  when  pressed  resembles  carthamin. — 
The  magnesium-salt  is  the  most  stable  of  the  rosolates.  The  soluble  rosolates  do  not 
form  precipitates  with  the  sadts  of  the  heavy  metals,  not  even  with  basic  acetate  of 
lead ;  neither  dues  rosolic  acid  combine  with  alumina.    (H.  Miiller.) 

*  CommunlcatioD  from  Prof.  WanklTU. 
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A  name  of  garnet. 

The  fruit  of  Rottlera  tinrtoHa,  a  tree  growing  in  all  parts  of  lodii, 
is  eoTored  with  stellate  hairs  an>l  glands,  which,  when  brushed  off,  fbrm  m  briek-nd 
aandy  powder,  uscmI  in  India  aH  a  dye,  and  lately  introdnCKl  into  mediciDe,  nndw  the 
name  of  Kawala,  as  a  n'mtnly  for  tapeworm.  It  has  an  aromatic  odour,  is  bat  slowly 
wetted  hy  watf^r,  and  yiehls  but  little  to  lioiling  water,  colouring  it  only  a  pale-yellow; 
but  alkaline  carbonates  and  caustic  alkali«<,  eMjiocially  the  latter,  extract  the  culoiiriiig 
matter,  forming;  deep  red  solutions.  The  extract  prepared  with  soda  imparts  to  silk  a 
fine  and  durable  tlery -orange  colour,  without  furtlier  addition  or  the  nse  of  roordanti; 
with  cotton,  on  the  other  hard,  it  does  n:)t  pnxluce  a  goofl  colour.  The  natural  dye- 
stuff  contains  3*40  per  cent,  water,  78*19  resinous  culouring-matterft,  7*34  albnminoai 
sulifltances,  7'14  celluloae,  and  3*84  ash,  besides  small  quantities  of  volatile  <m1  and  a 
Tolatile  colouring  matter.  (The  liquid  distilled  fx\)m  the  alcoholic  extract  has  a  yellow 
colour,  and  the  odour  of  the  original  sulcata  nee).  The  concentrated  ethereal  extim.'t 
of  the  colouring  matter  deposits  a  yellow  erystallini>sul>stance  called  KtM/erw  (Tid.iuf.V 
The  extract  prepannl  witn  hoilinj;  alcohol  depositn,  on  cooling,  non-cirstalline  flwki 
of  a  subbtance  having  the  composition  of  C-'*li'*0\  It  may  \x»  obtained,  nearly  coloor^ 
less,  by  rupeateil  solution  and  separation ;  is  sparingly  soluble  in  ether  and  in  cold 
alcohol,  insoluble  in  water;  not  precipitated  by  lead- or  ailTer-salta.  The  alcoholie 
solution  sofianited  from  these  flocks  leaves  a  dark-red  resin,  C**H'*0\  soluble  in  all 
proportions  in  ali.-ohol  and  ether.  ins4)luble  in  water,  melting  at  100°.  and  forming  with 
acetate  of  lead,  a  dtn-p  orange-cidoun'd  precipitate  of  variable  composition.  (Anderson, 
Kdinb.  New  Phil.  Juum.  new  si^ries,  i.  3U0;  Jahresb.  1856,  p.  669.) 

G.  Leu  be,  Jun.  (Vierteljnhrsehr.  pr.  Pharm.  ix.  321  ;  Jahresb.  1860,  p.  563)  has 
also  examined  the  red  colouring  matter  of  lioUhra  ftnctoria,  but  with  xerj  different 
[and  doubtful]  results,  not  having  even  succeeded  in  preparin^^  the  crystallised 
sul>stanco  nMtlerin.  Ho  found  in  the  deep  re<1  powder  47*6  per  cent,  retiinooi 
substances.  197  of  other  constituents  extnictable  by  solvents  (extractiTe  matter, 
oxalic  acid,  albumin,  ulmic  aeid.  and  inorganic  salts),  7*7  fibrin,  and  25  0  [insulaU<] 
mineral  substances.     The  resinous  substnnire  extractetl  bv  ether  was  resolved  br  tii>at- 


cold  ];)Otash-ley,  alkaline  carbonates,  and  anmionia,  and  are  separated  therefrom  Inr 
acids  without  alteration  ;  they  are  not  altered  by  boiling  with  dilute  snlphnric  sri^ 
but  nitric  acid  d(^composes  thi'm,  with  forniation  of  oxiilic  acid.  Thoash,  amounting  to 
28*85  per  cunt,  of  the  red  sub!»tauce.  was  found  to  cout-iiin  0*9  per  cent,  potash  and  soda, 
0*2  magnesia,  4*1  lime,  0*7  inan^nic  oxide,  8*5  ferric  oxide,  1*2  soluble  silica,  83*8  in- 
soluble silica  [it  was  probably  mixed  witli  sand],  and  traces  of  chlorine  and  sulphuxie 
acid. 

BOTT]LS&ZV.  C"ir*0'.  (Anderson,  loc.  c/7.)— This  substance  separate 
from  the  ethereal  extract  of  the  colouring  matter  of  lintihra  tincturia,  in  yellow  silky 
crystals,  which  are  insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  in  boiling 
alcohol,  melt  when  heated,  and  then  decom]>osc.  It  dissolves  in  alkalis  with  deep 
red  colour.  Its  alcoholic  solution  is  imt  jirecipitatisiby  acetate  of  lead.  With  broDine 
it  forms  a  colourless  substitution-prcduct :  with  nitric  acid,  first  a  yellow  resin,  and 
then  oxalic  acid;  with  cold  euneeiitrated  «iiipliuric  acid,  a  yellow  solution,  whidi 
when  heated  becomes  darker  and  gives  oif  sulphurous  acid. 

SOirOOir.     Syn.  with  Anxotto  (i.  307). 

SVBaAWBTSaZC  ACZB.  The  name  given  by  Berzelins  to  the  «r»ffiM<B^ 
C«N«H*S«  or  Cy».2U'S.    (See  Cyanookn,  Silphtdratrs  of,  ii.  286.) 


An  altered  biotite  (iii.  1013),  oeimrring  in  small  hexagonal 
of  a  red  colour,  in  a  kind  of  wacke.     (liana,  ii.  i226.) 

Red  tourmaline. 


XVBXRTTB&ZC  ACZD.  A  yellow  substance  existing,  according  to  Soeh- 
leder  (Ann.  Ch.  Pharm.  Ixxx.  321 ;  Ixxxii.  205),  in  madder-root.  To  prepare  it,  the 
aqueous  decoction  of  the  root  is  precipitated  by  neutral  acetate  of  lead  ;  the  pncipi- 
tato  (which  serves  for  the  preparation  of  alizarin  and  purpurin),  is  collected  on  a  filter; 
and  the  filtrate  is  mixed  with  basic  acetate  of  lead,  not  in  excess,  which  thiows  down  a 


rubichloric  acid,  is  filtered  from  the  sulpiiide  of  lead :  and  the  ruberythrie  acid,  w\aA 
remains  attached  to  this  lead-precipitate,  is  extracted  from  it,  after  washing  for  a  short 
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Kubiacin  dissolvf  s  in  strong  Bulphnric  acid,  forming  a  yellow  liquid,  wfiich  may  be 
heutud  without  decorapottition.  Strong  nitric  acid  attacks  it  at  tht  boiling  heiit.  It 
ditMolves  in  ferric  chluridt*  or  nitrate,  funning  n  brown  solution,  which  on  addition  of 
an  acid,  turns  yellow  and  deposits  flocks  of  nibiacic  acid.  It  dissolTes  in  alkalis, 
forming  purple  solutions,  from  wbioli  acids  throw  down  yellow  flocks.  The  amTnoniacal 
Bolntiou  forms  din^'j'-red  |pr<>ci]ntates  with  the  clilorides  of  barium  and  calcium. 

Hydrate  of  aluminium  introduced  into  an  alcoholic  solution  of  mbiacin  acquires  ao 
orange  tint,  and  decolorises  the  liquid.  The  alumina-precipitate  dissolYes  easilj  ia 
caustic  potash,  forming  a  purple  solution.  A  piece  of  mordanted  calico  ia  Mamly 
colonrea  by  rubiacin  suspendtni  in  boiling  water.     (Schunck.) 

»V8ZABZV.  C"H>*0".  (Schunck,  Phil.Mag.  [4]  t.410,  495;x]i.  200,27a>-A 
body  produced,  together  with  glucose,  by  the  action  of  alkalis  on  rubiacin  (respecting 
its  mode  of  formation,  bvh  Maddeu,  iii.  746) ;  uliiu  in  the  decomposition  of  mbihydno 
or  rubidehydran  by  diluto  hydrochloric  or  sulphuric  acid. 

Preparation  :  I.  Wheu  rubiau  is  boiled  fur  some  time  with  caustic  soda,  a  precipi- 
tate is  formed,  consisting  chiefly  of  the  soda-compound  of  alizarin  (i.  114);  and  the 
alkaline  mothi;r-liquor,  mixed  with  dilute  sulphuric  acid  and  a  large  quantity  of  wat^r, 
deposits  yellow  flocks  containing  alizarin,  rubiretin,  Terantin,  and  rubiadin,  while 
glucose  remains  in  solution.  The  flucks  are  treated  with  boiling  alcohol,  which  dis- 
■olves  them,  leaving  only  a  brown  subbtance  formed  from  the  sugar  ;  and  the  filtemd 
liquid  is  treatedwith  acetate  of  aluminium,  whereby  the  alununa-compunnd  of  aliarin 
is  precipitated,  together  with  a  small  quantity  of  verantin. 

The  mother-liquor  is  then  mixed  with  acetate  of  lead,  which  throws  down  rubiretin 
and  Terantin  asabrownish-jiurple  precipitate  (see  RuBiurruf),  while  rubiadin  remains 
in  solution,  still  mixed,  however,  with  a  small  quantity  of  rubiretin.  By  precipitatinc 
the  solution  with  a  hirge  quantity  of  water,  dissolving  the  yellow  flocks  thereby  obtained 
in  the  exact  quantity  of  boiling  alcohol  n^uired,  and  digesting  with  hydrate  of  lead 
(or  strumous  hydrate),  the  rubiretin  is  removed,  and  the  hot-filttired  solution  depositi 
rubiadin  on  cooling;  an  additional  quantity  of  that  substance,  but  in  an  impure  state, 
is  obtained  by  evaporating  thu  mother>liquor.  This  latter  product  may  be  purified 
by  sublimation. 

2.  Anaqueous  solution  of  rubihydran  (p.  131)  is  boiled  with  hydrochloric  or  sulphurie 
acid  till  it  becomes  colourles!*,  and  no  longer  deposits  yellow  flocks  or  a  brown  resin. 
These  flocks  arc  a  mixture  of  rubiretin,  venintin,  and  rubiadin,  with  a  small  quantity  of 
alizarin;  the  alizarin  maybe  separated  by  ac«>tate  of  aluminium,  and  then  the  rubiadin, 
in  the  same  manner  as  frum  the  mixture  of  these  bodies  obtained  by  the  first  nietbj<*« 

Kubiadin  cr}'stallises  in  yelluw  nee<lles,  or  in  rectangular  plates,  which  are  sublimable, 
insoluble  in  water,  more  soluble  in  alcohol  than  rubiiinin.  Strong  sulphuric  add  dis- 
solves it,  with  yellow  colour ;  aqueous  ammonia  an<l  carbonate  of  sodium  dissolve  it  at 
the  boiling  heat,  with  blood-red  colour.  It  is  prccipitnti'd  by  chloride  of  barium,  chliv 
ride  of  cadcium,  and  cnprie  acetate,  nut  by  acetate  of  of  lead ;  does  not  dissolve  in  fenie 
chloride. 

Rubiadin  gives  by  analvsis  69*6  por  cent,  carbon  and  6-1  hydrogen,  whence  Schunck 
deduces  the  formula  C^h}*^  (cale.  693  C,  4*7  II,  and  260  0).  It  is  more  probably 
0«^*0>»  or  C'«H'*0*. 

ClUororabiadln, C'«H'»Cin».  (Schunck, Phil.  Macr.  [4]  xii.  270.)— Produced fcy 
boiling  chlororubiau  (p.  124),  with  diluto  sulphuric  or  hydrochloric  acid.  It  is  insolubla 
in  water,  but  soluble  in  alcohol,  whence  it  cryntjillises  in  broad  shining  needles  or 
laminae.  The  alcoholic  solution  rfnldeus  litmus.  The  compound  dissolves  in  eaoitie 
soda  with  purple,  and  in  alkaline  carbonates  with  blooa-red  colour.  It  gives  \pf 
analysis  60*6  to  617  C,  4*2  to  4*3  H,  and  11-2  to  ll.O  CI,  which  Schunck  represenU 
by  the  formula  C^IP^CKJ^,  requiring  61-66  C,  3-85  U.  1136  CI,  and  23-14  0.  The 
formula  C"H'»C10»  requires  595  C,  40  H.  and  111  CI.  An  nmmoniacal  solution  of 
chlororubiadin  mixed  wtth  chloride  of  barium.  Altered  from  the  flocks  which  separate 
at  flrst  and  left  to  itself  in  a  closed  vessel,  deposits  long  rod  needles,  which  when  dried 
at  100^  contain  16*65  per  cent.  Ba''0,  and  may  bo  represented  by  the  ibnnnla 
C»«H"Ba-Cl«0»».2Ba"0. 


C«>/P*0»?  (Schunck,  J.  pr.  Chem.  lix.  474.}— A  oompoimd 
formed,  together  with  many  others,  by  the  fermentation  of  madder. 

Erythroz^in  is  added  to  aquoons  rubian,  and  the  liquid  is  allowed  to  stand  in  a 
moderately  warm  place,  until  it  hss  become  tasteless  and  colourless,  owing  to  the  depo- 
sition of  a  brown  jelly.  If  this  deposit  should  not  taki*  place  in  21  huun,  more  eijlh- 
TOtym  must  be  sdded.  Or  madder  is  stirrerl  up  with  cold  or  warm  wuter,  and  left  in 
a  warm  place  till  a  jelly  is  formed.  In  both  cases  the  ma^s  is  mixed  with  a  little  water, 
and  the  jelly  is  collected  on  a  fllter  and  wnslutl  with  a  8m;ill  quantity  of  water.  It 
contains  alizarin,  rubiretin,  verantin,  rubiufin,  rubingin,  and  rubiudipin,  which  arc 
separated  ob  follows  : — 
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The  mass  is  well  boiled  with  alcohol  as  long  as  the  liquid  acquires  a  yellow  colour, 
and  acetate  of  aluminium  is  added  to  the  filtntte,  whereby  alizarin,  yerantin,  and 
rubiafin  are  precipitated  in  combination  with  alumina,  but  only  partially.  The  whole 
is  then  filtered  (for  the  further  treatment  of  the  precipitate,  see  below),  and  sulphuric 
acid  and  a  large  quantity  of  water  are  added  to  the  dark  brownish-red  filtrate,  whereby 
the  whole  of  the  dissolved  substances  are  precipitated  as  a  yellow  powder,  which, 
haying  been  thoroughly  washed  with  water,  is  redissolved  in  boiling  alcohol,  and 
mixed  with  excess  of  acetate  of  lead.  The  dark  purple-red  lead-pi^ipitate,  which  is 
to  be  filtered  boiling,  contains  alizarin,  rubiretin,  verantin,  and  rubiafin ;  the  dark- 
yellow  filtrate,  rubiagin  and  rubiadipin. 

On  mixing  this  filtrate  with  a  larse  quantity  of  water,  a  fiiintly  orange-coloured 
precipitate  is  formed,  consisting  of  the  lead-compounds  of  rubiagin  and  rubiadipin; 
this  precipitate  is  to  be  collected  and  decomposed  by  boiling  dilute  sulphuric  acid.' 
The  undissolved  portion  washed  with  water,  then  boiled  with  alcohol,  yields  to  the 
latter,  rubiagin  and  rubiadipin,  both  of  which  remain,  after  evaporation  of  the  alcohol, 
as  a  Boft^,  dark-brown,  fatty  mass,  and  may  be  separated  by  cold  alcohol,  which  dis- 
solves chiefiy  the  rubiadipin ;  the  undissolved  rubiagin  may  be  purified  by  reczystalli- 
sation  from  hot  alcohoL 

Rubiadipin  is  a  semifluid,  yellowish-brown,  fiitty  substance,  which  does  not  harden 
even  when  heated  for  a  long  time.  In  boiling  water  it  melts  to  oily  drops,  which  rise 
to  the  surface.  It  is  insoluble  in  water,  soluble  in  alcohol  and  m  alkalis,  forming 
with  the  latter  a  blood-red  soap^  liquid.  The  alcoholic  solution  forms,  with  neutm 
acetate  of  lead,  a  blood- red  precipitate  containing  ZVZ6  per  cent,  lead-oxide,  whence 
Schunck  deduces  the  formuU  C^IP*O^MO. 


C*«H«Hy?  (Schunck,  J.  pr.  Chem.  lix.  465.)— -A  compound 
isomeric  with  rubiadin,  produced,  as  already  mentioned,  in  the  fermentation  of 
rubion.  The  lead -precipitate,  containing  alizarin,  rubiretin,  verantin,  and  rubiafin, 
obtained  as  described  in  the  preceding  aitble,  is  decomposed  by  boiling  hydrochloric 
acid ;  and  the  precipitated  yellow  flakes  are  washed  and  covered  with  cold  alcohol, 
which  extracts  rubiretin,  leaving  alizarin,  rubiafin,  and  verantin.  On  the  other  hand, 
the  above-mentioned  precipitate  produced  by  acetate  of  aluminium,  is  decomposed  by 
boiling  hydrochloric  acid,  whereby  orange  fiaJies  are  separated;  and  these  are  added  to 
the  residue  of  alizarin,  rubiafin,  and  verantin,  which  was  left  undissolved  by  cold 
alcohol,  and  the  whole  is  subjected  to  the  following  treatment: — The  mixture  is 
dissolved  in  boiling  alcohol  and  mixed  with  acetate  of  copper,  which  forms  a  purple 
precipitate  containing  rubiafite  and  verantite,  with  a  small  quantity  of  alizarite  of 
copper,  while  alizarin  alone  remains  in  solution.  The  purple  copper-precipitate,  decom** 
posed  by  hydrochloric  acid,  deposits  insoluble  red  flakes^  which,  after  washing,  are 
dlMolved  in  boiling  alcohol,  and  treated  with  hydrated  stannous  oxide  ;  whereupon  only 
rubiqfin  remains  dissolved,  and  crystallises  from  the  filtrate  in  brilliant  needles  and 
laminse,  while  verantin,  together  with  a  small  quantity  of  alizarin,  is  precipitated  as  a 
stannous  oxide  lake  (Schunck).    See  Ybramtin. 

Rubiafin  forms  yellow  shining  plates  and  needles,  sometimes  star-  or  &n-shaped 
masses,  which  behave  like  rubiacin  when  heated  with  water,  sulphuric  add,  nitric  acid, 
neutral  acetate  of  lead,  and  cupric  acetate,  and  likewise  form  rubiacic  add  when 
treated  with  ferric  nitrate :  in  fact,  rubiafin  differs  from  rubiadn  only  in  composition. 
It  contains,  according  to  Schunck,  69 '3  per  cent  carbon  and  4 '6  hydrogen  (calc.  69*8 
C,  4-7  H,  and  260  0). 

SVBZAOZV.  (Schunck,  J.  pr.  Cbem.  lix.  471.) — This  is  another  of  the  com- 
pounds produced  by  the  fermentation  of  rubian.  For  the  mode  of  preparing  it,  see 
KuBiADiPiK  (p.  1 20).  It  forms  small  yellow  spherical  granules,  or  concentrically  cToupod 
needles.  It  is  insoluble  in  boiling  water,  dissolves  in  boiling  alcohol  more  easily  than 
rubiadin  or  rubianin,  and  with  yellow  colour  in  acetic  add,  from  which  it  crystallises  on 
cooling.  Alkalis,  baryta-water,  and  lime-water  dissolve  it  with  blood-red  colour.  It  dis- 
solves in  cold  oil  of  vitriol,  with  dark  brown-red  colour,  and  in  boilins  nitric  add,  forming 
ayellow  liquid,  which  depositsshiningcrystalsas  it  cools.  WhenboilMi  with  ferric  chloride, 
it  assumes  a  darker  colour,  but  does  not  become  purple-brown,  like  rubiafin  and  rubiadn. 
The  alcoholic  solution  mixed  with  neutral  acetate  of  lead  turns  yellow,  and  then 
throws  down  orance-coloured  grains,  which  dissolve  sparingly  in  boiling  alcohol, 
easily  in  an  alcoholic  solution  of  neutral  lead-acetate.  This  property  distin^ishes 
rubiagin  from  rubiadn,  rubiadin,  and  rubiafin.  With  cupric  acetate,  the  alcoholie 
solution  of  rubiagin  forms  an  orange-coloured  precipitate. 

The  composition  of  rubiagin  is  very  uncertain,  as  it  has  not  been  obtained  pure. 
Schunck  found  it  to  contain  68*10  per  cent.  C  and  514  H.     The  formula  C**Il'K)*, 
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which  TCqaii«8  6712  C,  4*89  H,  and  27'99  O,  would  explain  iti 
u  follows : — 

C»H"0'«  +   2n«0     -     C'«H'«0»  +  2C^»«0«. 
Riibiaii.  Hub^^  GlucoM. 

WUWXAMm  C"H'*0'*. — A  glacoflide  existing  in  madder-root,  and  yielding^  niidtf 
the  inflnence  of  acids,  alkalis,  or  erythrozjm  (madder-ferment)— <m  the  OBie  hand, 
glucose,  and  on  the  other,  alizarin,  togvlher  with  rubirctin,  verantin,  and  other  prodneCi^ 
Tarying  according  to  the  nature  of  the  decomposing  compound.  It  was  diecoVered  bf 
Schuuck  in  1847.    (For  references  to  his  memoirs,  see  GmeluCa  Handbook^  xri.  32.) 

l^cpttratUm. — It  is  difficult  to  obtain  this  substance  pure,  inasmuch  as  it  alteif 
Tery  quickly,  and  docs  not  precioitate  any  metallic  solution  excepting  basic  acetate  of 
lead,  which  whon  added  to  madder-extract,  throws  down  other  substances  at  the  same 
time.  The  best  results  are  obtained  by  taking  advantage  of  the  great  afflnity  of 
rubian  for  porouM  bodies,  eKi^eciallv  for  animal  charcoal. 

One  pound  of  Ayignon-madder  is  exhausted  on  a  cloth  strainer,  bjponring  four  or 
five  ouarts  of  boiling  water  upon  it ;  the  dark  yellowish-brown,  attli  hot  filtrate  is 
mixea  with  an  ounce  of  bone-charcoal,  stirre<l,  and  left  to  settle;  the  still  hrowa 
liquid  is  deoantetl ;  and  the  r«>Kidue  is  collected  and  washed  with  cold  water,  till  the  liquid 
which  runs  off  becomeH  preen  when  boiled  with  hydrochloric  acid  (from  the  presence 
of  chlorogenin).  The  washed  bone-charoaL  if  boiled  with  alcohol,  as  long  as  it 
colours  the  liquid  yellow,  yields  to  it  the  rubian  which  it  has  carried  down;  and  on 
evaporating  the  alcoholic  solution,  the  rubian  is  left  behind,  but  still  impure,  contain- 
ing chlurogenin.  To  remove  the  latter,  the  impure  rubian,  obtained  in  the  manner 
just  described,  is  agtiin  precipitated  in  the  same  manner  on  the  previonsly  used  chsi^ 
coal,  which  now  takes  up  only  the  rubian,  and  again  extracted  by  boiling  alcohol, 
this  ueries  of  operations  being  r(*peated  a  third  time  with  the  same  bone-ehazvoal,  in 
case  the  alcoholic  solution  still  contains  chlorogenin.*  On  evaporating  the  alcoholic 
solutions,  the  rubian  remains  behind,  still  retaining  a  small  quantity  of  a  decompositi(m- 
product  formed  by  the  action  of  heat.  This  i.x  separated,  either — a.  By  evaporating  the 
greati'r  pnrt  of  the  alcohol,  mixing  the  solut  ion  when  cold  with  dilute  solphnric  acid 
(which  tlirows  down  the  decomposition -product  in  brown  resinous  drops),  removing  the 
Bulplniric  acid  })y  carbonate  of  lead,  then  filtering,  and  evaporating  over  the  water-bath; 
or— A.  By  precipitating  the  solution  with  neutral  acetate  of  lead,  filtering  from  the 
bn>wn-re<l  flooks  which  S4>parate,  and  adding  basic  acetate  of  lead,  whereby  a  com- 
pound of  rubian  with  lead-oxide  is  precipitated,  which  must  be  washed  with  alcohol, 
and  deconi}>OMed  by  sulphydric  or  dilute  sulphuric  acid.  In  the  latter  case,  the  exoras 
of  sulphuric  acid  must  be  removed,  as  in  a.--Ono  cwt  of  madder  yields  1,000  grammes 
of  nibiiin. 

The  following  process  serves  at  the  same  time  for  the  preparation  of  alizarin, 
rubiacin,  rubiretin,  and  verantin : — Coarsely  pulverised  madder-root  is  well  boiled  with 
water  (lib.  of  the  root  to  16  quarts  of  water) ;  the  liquid,  after  several  honm*  boiliii^ 
is  strainetl  through  calico  (the  residue,  exhausted  with  water,  still  contains  alizarin  and 
rubia-in) :  and  the  liquid  is  precipitated  with  dilute  sulphuric  (or  hydrochloric)  acid. 
A  dark-brown  precipitate  is  thus  obtained,  which,  when  separated  by  decantation  and 
filtration,  and  freed  from  excess  of  acid  by  washing  with  a  quantity  of  cold  water  jnst 
sufficient  for  the  purpose  (a  lar(i:er  quantity  dissolves  rubiacin),  contains  seven  substances, 
— viz.  rubian,  alizarin,  rubiacin,  rubiretin,  verantin,  pectic  acid,  and  a  daric-brown 
product  of  the  decomposition  of  extractive  mutters.  (The  filtrate  retains  chlorbgenin 
an- 1  a  small  quantity  of  sn^r).  The  precipitate,  while  still  moist,  is  boiled  with 
alcohol,  as  long  as  the  alcohol  acquires  a  yellow  colour,  and  the  liquid  is  filtered  hot. 
(In  the  residue  there  remains  pectic  acid  and  oxidised  extractive  matter).  The  dark- 
brown  decoction,  on  cooling,  frequently  deposits  verantin  as  a  dark-brown  reeinons 
powder,  which  must  be  separated  by  filtration.  The  alcoholic  solution,  after  being 
again  heate<l  to  the  boiling-point,  is  mixed  and  digefitiHi  with  recently  precipitated 
hydrate  of  aluminium,  till  the  solution  is  nearly  dt'colori^ed,  whereby  alizarin,  mbian, 
rubiacin,  and  part  of  the  rubiretin  and  verantin  am  precipitated,  while  another  portion 
of  the  two  last-mentioned  substances  remains  dissolved  in  alcohol. 

o.  Stparatlon  of  Alizarin.^  The  alumina-precipitate,  after  being  washed  with 
alcohol,  is  added  to  a  concentrated  lH>iling  solution  of  potassic  carbonate;  the  deep 
red  solution,  containing  all  the  other  substances,  is  filtered  from  the  undissolved 
compound  of  alizarin  and  alumina ;  this  substance  is  repeatedly  boiled  with  aqneoos 
potassic  carbonate,  till  the  liquid,  which  runs  off  on  filtration,  exhibits  only  a  iSunt 

*  As  rtf»h  hnne-rharroal  prccipitAtei  t>oth  rubinn  und  chlorofenln,  whercu  diareoal,  which  hM 
oncH  been  iit«-d  for  thli  purpose  and  boiird  out  with  alcohol,  prcclpiUtvt  only  the  fonetr. 


KiveR  np  nnlj  the  former  to  boilinR  alcohol,  it  ii  beit  not  to  (-xtract,  fbr  the  purpote  of  puri^tkm.  the 
flrtt  portioo  I  r  rubian  taken  up  by  ft-e«h  bone.charcoal,  but  to  ute  this  charcoal  fbr  Che  praparatiOB  ef 
purer  rubiaii. 
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purple  odour ;  the  reeidne  if  deeompoeed  by  boiling  hydrochloric  acid;  and  the  alizarin 
thofl  aeparated  ia  crystallised  from  alcohol. 

fi.  Of  Rubian, — The  deep  red  alkaline  liquid,  filtered  from  the  compound  of  alizarin 
and  alumina,  still  retains  m  solution,  rubian,  rubiacin,  rubiretin,  and  yerantin,  which 
may  all  be  precipitated  by  hydrochloric  acid,  then  collected  and  washed  with  cold 
water,  till  the  liquid  which  runs  off  is  free  from  acid.  As  soon  as  this  point  is  attained, 
the  rubian,  which  is  insoluble  in  acidulated  water,  begins  to  dissolve  in  the  pure  water, 
imparting  to  that  which  runs  off  a  yellow  colour  and  bitter  taste;  so  that  at  length  it 
is  completely  dissolved,  and  may  be  obtained  as  a  yellow  extract,  by  evaporating  the 
filtrate.  It  still,  however,  retains  pectic  acid,  which  remains  behind  on  dissolving  the 
•ztract  in  alcohol,  and  from  6  to  8  per  cent,  ash,  from  which  it  cannot  be  separate 

y.  Of  Subiacin,  Rubiretin^  and  Verantin. — The  residue  left  after  the  rubian  has 
been  washed  out,  is  mixed  with  that  which  remains  on  evaporating  the  alcoholic 
liquid  above  mentioned,  containing  verantin  and  rubiretin,  and  the  mixture  is  treated 
with  a  boiling  solution  of  ferric  chloride  or  nitrate.  Rubiretin  and  rubiacin  then  dis- 
solve  (the  latter  partly  as  such,  partly  converted,  with  assumption  of  oxygen,  into 
ferric  rubiaeate,  p.  119),  while  verantin  remains  behind  in  combination  with  ferric 
oxide.  The  deep  red-brown  solution  is  filtered  after  boiling  for  some  time;  the 
residue  is  kept  for  the  preparation  of  verantin ;  the  rubiacin,  rubiacic  acid,  and  rubiretin 
are  thrown  down  from  the  filtrate  as  a  yellow  precipitate,  turning  brown  during 
washing ;  and  this  precipitate,  while  still  moist,  is  dissolved  in  boiling  alcohol,  which 
takes  up  the  rubiacin  and  rubiretin,  and  deposits  the  former,  on  cooling,  in  small 
lemon-yellow  crystals.  (The  rubiacic  acid  which  remains  in  solution  is  purified  in  the 
manner  already  described,  p.  119, — the  ciystallised  rubiacin  by  converting  it  into 
rubiacic  acid,  from  which  it  may  be  again  obtained  as  rubiacin).  By  further  evapora- 
tion of  the  alcohol,  a  mixture  of  rubiacin  and  rubiretin  is  obtained  as  a  dark -brown- 
red  residue,  which,  when  boiled  with  water,  deposits  dark  brown  drops  of  rubiretin; 
whilst  rubiacin  remains  suspended  as  a  light  powder,  and  may  be  removed  by  decanta- 
tion.  After  boiling  several  times  with  water,  as  long  as  any  yellow  powder  remains, 
and  then  decanting,  rubiretin  ultimately  remains  in  the  form  of  a  dark  red-brown 
mass. 

Properties. — Rubian  is  a  hard,  dry,  brittle,  perfectly  amorphous  mass,  resembling 
dried  varnish  or  gum-arabic,  not  at  all  deliquescent,  transparent,  and  deep  yelluw  in 
thin  layers,  dark-brown  in  thicker  masses.  It  is  very  soluble  in  water,  somewhat  less 
soluble  in  alcohol,  and  inttoluble  in  ether,  which  precipitates  it  from  the  alcoholic  solu- 
tion in  brown  drops.     The  solutions  are  very  bitter. 

Rubian  dried  at  100®  (after  deduction  of  6-30 — 7*69  per  cent,  ash,  consisting  chiefly 
of  calcic  carbonate),  contains,  according  to  Scbunck,  54*85  per  cent,  carbon,  5*57 
hydrogen,  and  39*58  oxygen,  whence  he  deduces  the  formula  C^ll'*0'*,  requiring 
6508  C,  5*57  H.  and  39*35  O.  This  formula  serves  to  account  for  the  several  trans- 
formations of  rubian  observed  by  Schunck,  supposing  that  the  formulae  assigned  to  the 
several  products,  alizarin,  rubiretin,  rubiadin,  &c.,  are  correct  This,  however,  is  very 
doubtful,  especially  with  regard  to  the  most  important  and  best-defined  of  these 
products,  viz.  alizarin,  to  which  Schunck  assigns  uie  formula  C'*U'*0\  representing 
Its  formation  from  rubian  by  the  equation : 

C»H**0'»     -     2C>*H'»0«  +   7HH). 

Other  chemists,  however,  represent  alizarin  by  the  formula  C'^H*0*,  which  agrees 
Dearly  as  weU  with  the  results  of  analysis,  and  gives  a  dearer  view  of  the  other 
chemical  relations  of  alizariu,  especially  to  phthalic  acid  (i.  114).  Hence  Gerhardt 
iTrait^,  iii.  492)  suggested  for  rubian  (dned  at  100°)  the  formula  C'«H'«0».JH«0, 
(requiring  55*87  C,  4*94  H,  and  39*25  0),  according  to  which  the  formation  of  alizarin 
is  represented  by  the  equation : 

Ci«H>K)«  +  HK)     «     C"HH)«  +  C«H»«0« 

Rubiao.  Alizarin.  Glucose. 

It  is  not  very  easy  to  explain  the  formation  of  the  other  derivatives  of  rubian  by 
Gerhardt's  formula,  especially  that  of  rubianic  acid ;  but,  as  already  observed,  the 
formulae  assigned  by  Schunck  to  these  compounds  are  very  doubtful,  many  of  them 
being  founded  on  analyses  eridently  made  upon  impure  preparations.  The  whole 
subject  therefore  requires  further  investigation. 

Decompositions. — 1.  Rubian  heated  in  a  test-tube  decomposes,  and  gives  off  water  at 
130^ ;  at  a  higher  temperature,  it  emits  orange-coloured  vapours,  chiefly  consisting  of 
alizarin,  and  leaves  much  charcoal. 

2.  Heated  on  platinum-foil,  it  melta,  swells  up,  bums  with  flame,  and  leavea  a 
mixture  of  charcoal  and  ash. 

3.  Aqueous  rubian,  evaporated  by  heat  in  contact  with  the  air,  deposits  dark-brown 
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rt-^illou>  drop",  the  quantity  of  which  iocn-uos  on  pooring  water  npoD  the  retada^,  and 
f^.^iill  vyni^jnx'm^.  Tho  droptf  of  Kbin  mt.lt  in  boifinj^  water,  become bnttle  on  eooUo^ 
yjt;I<l,  when  heated  in  a  tc-fet-tubi%  a  cupioiu,  jelluw,  Lmupait-nt  aablimiftte,  resembling 
ruhiacin,  and  behaving  in  a  Himilar  manner  to  ferric  cnloride;  thcj  are  ptobaUj. 
th«r»:forK,  a  mixtur*'  of  rubiretin  and  robiacin. 

4.  Chlorine  y.inti*-<\  iuto  aqueuus  rubian  throwa  down  yellow  tUtAM  of  cfaknombiaiv 
while  glucoM-  r«'mainii  in  solution : 

C**IC»«U'»  +   3U«0  +   Cl»     -     C«»H=»C10»Ja  +   CfH"K)«. 

HubUu.  H 1  druchloriU  of 

chlororubUn. 

Thf;  cffuimued  action  of  the  chlorine  oltimatelj  prodnees  pereUofombiaiu  CUoriit 
of  lime  convfrtH  rubian  into  phthnlato  of  calcium. 

6.  A'jU«-ou8  rubian  is  not  altered  by  cold  nitric  acid,  bat  at  the  boiling  liest  nd 
fumt'S  uH'  evolrwl;  and  the  rubian  ia  compli^tely  converted  into  phthalic  acid,  withoafe 
fonnation  of  oxalic  a'*i<i  nr  any  instjluble  re«iduo. 

6.  Otl  "/  vUri"l  di.-4>«>lvca  rubian,  with  blood-rud  colour,  and  blackens  it  on  boiliii|t 
with  rvolutioii  of  HulplinruUH  aciil. 

7.  When  oqut-ous  nibiuii  i.s  boiled  with  dilate  tulpkuric  or  kjfdroeklofio  ttM,  the 
iM>!urion  fint  iH-conifH  o|Ni1escent,  and  then  depohita  oRinge-eolound  flocka,  containing 
alizarin,  rubirttin,  veruutin,  and  rubianin,  while  sugar  rt:main8  in  solution.  [For  ths 
eqiiatioHH  repn*M'ntiiig  the  formation  of  these  products,  see  Maddbb,  iii.  746.] 

H.  In  ctiiitacf  with  uqueoua  alkalift  alkafine  earths,  or  the  acid  earbonats»  of  ti§ 
alictdinr  mrth'metafs,  and  air,  rubian  tikes  up  oxygen,  and  is  conrerted  into  mbianie 
n^'id.  rulfidehydrun,  and  rubihydniu, — small  quantities  of  acetic  add,  mbiadin,  and 
sn(;:ir  bein^;  form(*d  at  the  same  time. 

a.  Furuiatiou  of  rubianic  acid : 

Rubian.  Rub:anlc 

or 


C»H'*0»*  +  0* 

-     C*n"0"  +   200*  ■• 

Rubian. 

Rub:anlc 
acid. 

c»n"0'»  +  0 

»     C«H>n>"  +   C«HH>». 

BubUn. 

0.  Of  rubidchydran: 

C"H»«0'» 

RubUDlc                Acetic 
acid.                    acid. 

.     C»H«0'«  +  H«0. 

y.  Of  rubihydran : 

C"n"0»  +   3H«0     «     C«H«K)«. 

9.  Rubian  boiled  with  excess  of  caustic  potash,  or  sodOf  dissolTM  with  blood-red 
colour,  changing  to  purple-red ;  and  by  continued  boiling  is  completely  reeolred  into 
alizarin,  rubiretin,  v.Tantin,  and  rubiudin,  which  fxr\s  precipitable  hw  acids,  and  sngai; 
whi<-h  remains  in  solution.  The  same  products  aro  formed,  thougn  more  slowly,  bj 
b<iiling  with  euuMtic  baryta,    [Maddkk,  iii.  746.] 

Ammonia  colours  ut^ueous  rubian  blood-red,  but  does  not  decompose  it,  even  at  t 
boiling  ht'at. 

Miujnfsia  colours  aqu<K>us  rubian  blood-red ;  the  carbonates  of  calcinm  and  barium 
do  not  act  upon  it;  aluminic,  ferric,  and  cupric  hydrates  extract  all  the  rubian  from 
it. 

The  alkaline  solutions  of  rubian  reduce  gold -salts,  but  not  silver  or  copper-salhi. 

10.  Krtjthrozifm,  added  to  an  aque«)U8  solution  of  rubian,  diffuses  itself  thi\)U{rh  the 
liquid  without  diMsolring,  rendering  it  turbid  and  gummy,  and  converting  it,  after 
stJimling  for  W)me  time  in  a  moderately  warm  place,  into  a  brown  jelly,  like  coagulnted 
bhKxl,  ct^ntaining  y«'llow  striae  and  flocks  formed  of  long  capillary  crystals,  till  finally 
(more  erytlmjzym  being  added  if  necessary)  the  liquid  becomes  tasteless  and  oolourlevs, 
and  a  gelatinous  mass  separates,  consisting  of  alizarin,  verantin,  rubiretin,  rubiafln, 
rubiagin,  and  rubijidi]jin  (^iii.  746  ;  v.  120).  The  solution  retains  sugar  and  peetic 
acid,  louring  the  fermentation,  the  liquid  remains  neutral,  neither  absorbing  nor 
giving  of!  gases :  access  of  air  is  likewise  tmnccesaaiy. 

Derivatives  of  Huhian. 

Chlororuhian,  C^ll^CW*.  (Schunck,  Phil.  Mag.  |;4]xii.  200,  270.)— A  cora- 
j)oun«l  formed,  together  with  glucose,  by  the  action  of  chlorine  on  aqueons  rubian.  To 
pn'pan*  it,  an  aqm-ous  extract  of  madder  is  precipitated  with  neutral  acetate  of  lead,  the 
filtnito  precitiiiatJHi  with  ammonia,  the  resulting  red  precipitate  decomposed  by 
sulphuric  Hcid,  and  chlorine  gjw  pnssM  into  the  filtrate.  The  dirty  yellow  fiocke  of 
an  easily  fuaible  resin,  which  are  pn'cipitated  by  the  first  action  of  the  chlorine,  aie 
sepMratrd  by  filtralion;  and  the  pure  yellow  IhVks  of  chlororubian,  precipitated  on 
colli  inning  the  pa^Mige  of  the  chlorine,  are  collected  and  crystuUiaed  from  hot  aleohoL 
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WheD  cijstallised  from  dilute  alroholic  solution,  it  forms  light  orange-yellow 
needles,  having  a  bitter  taste;  precipitated  from  concentrated  alcoholic  or  hot  aqueous 
solution,  it  forms  granular  amorphous  spherules.  It  is  neutral ;  dissolves  with  yellow 
colour  in  boiling  water,  also  in  alcohol ;  does  not  dye  mordanted  tissues.  It  gives  by 
analysis  6118  per  cent.  C,  4*93  H,  and  6*38  CI,  the  formula  requiring  60*92  C,  6*82  H, 
6  20  a,  and  3761  O. 

Chlorine-water  gradually  oonyerts  chlororubian  into  perchlororubian.  By  boilinff 
d!A\itA  eiUphuric  Qi  hydiriKhloriG  acid,  it  is  resolved  into  chlororubiadin  (p.  120) 
and  glucose: 

c^H^ao"   -   C'«H"ao*  +  ok«o«  +  2H*o. 

With  caustic  8oda  it  forms  a  blood-red  solution,  which  after  being  heated  for  some  time 
deposits  dark  red-brown  flocks  of  ozyrubian,  while  sugar  and  its  products  of 
decomposition,  together  with  verantin,  rubiretin,  and  rubiadin,  remain  in  solution. 

Oxyrubian,  after  boiling  with  hydrochloric  acid,  washing  with  boiling  alcohol,  and 
drying,  is  a  yellowish-brown  powder,  which  if  £ree  from  chlorine,  yields,  when  heated 
in  a  test-tube,  a  yelloW  crystalline  sublimate,  easily  soluble  in  alkalis.  It  is  not 
altered  by  sulphide  of  ammonium,  but  alkalis  turn  it  red-brown.  It  contains, 
according  to  Sdiunck,  70*7  C,  3*9  H,  and  25*4  0,  which  may  be  represented  by  the 
formula  U"H*H)*;  its  formation  may  take  place  according  to  the  equation : 

C«H«'C10>*  +  NaHO     -     C«H"0«  +  NaCl  +   7HH). 

Perchlororubian^  C**H**C1*"0'*.  (Schunck,  locct't.) — ^This  compound, recrystal- 
lisod  from  boiling  alcohol,  forms  colourless  transparent  four-sided  plates,  having  a 
splendid  iridescence.  It  is  neutral,  sublimes  in  micaceous  scales  when  cautiously 
heated,  is  insoluble  in  water,  soluble  in  alcohol  and  ether ;  gives  by  analysis  37*05  C, 
1-51  H,  44*40  CI,  the  formula  requiring  37*09  C,  1*26  H,  44*47  CI,  and  16*88  O. 

RUBXAVZC  ACZB.  C*H"0'*?  (Schunck,  Phil.  Mag.  [4]  xii.  200,  270.)— 
An  acid,  produced,  together  with  rubihydran  and  rubidehydrun,  by  the  oxidation  of 
rubian  in  contact  with  alkalis  (iii.  746). 

Preparation:  1.  From  Rvbian. — Carbonic  acid  gas  is  passed  into  a  solution  of 
rubian  mixed  with  excess  of  baryta-water,  till  the  baryta  is  converted  into  acid  car- 
l>onate,  and  the  filtrate  is  left  to  stand  in  contact  with  the  air.  The  liquid,  after  some 
time,  becomes  covered  with  thin  scarlet  films,  presenting  a  crystalline  appearance 
under  the  microscope  (compounds  of  baiyta  with  rubianic  acid  and  rubidehydran),  more 
of  which  are  obtainea  after  longer  standing,  and  again  on  evaporating  the  liquid, 
finally  in  the  form  of  red  flocks,  whilst  rubihydran  remains  dissolved  in  the  brownish- 
yellow  liquid  (sometimes  also  sugar  resulting  from  a  secondary  decomposition).  The 
collected  films  and  flocks  are  decomposed  with  dilute  sulphuric  acid ;  the  excess  of 
that  acid  is  precipitated  by  carbonate  of  lead  ;  the  precipitate  is  repeatedly  boiled  with 
water,  till  it  exhibits  only  a  faint  reddish  tint  (in  which  state  it  contains  no  impurity 
except  a  small  quantity  of  rubiadin,  produced  by  secondary  decomposition),  and  the 
solution  is  filtered  and  evaporated;  a  yellow-brown  mass  then  remains,  mixed  with 
yellow  needles,  from  which  cold  water  extracts  rubidehydran,  leaving  rubianic  acid  in 
the  form  of  a  yellow  powder.  This  product  is  washed  with  cold  water,  and  recrys- 
tallised  from  boiling  water,  if  necessary  with  aid  of  animal  charooaL 

2.  From  Madder^  without  previous  preparation  of  Rubian. — Extract  of  madder  pre- 
pared with  hot  water  is  precipitated  with  neutral  acetate  of  lead,  then  the  filtrate  with 
l>a8ic  acetate  ;  and  the  latter  precipitate,  containing  rubian  and  chlorpgenin,  is  decom- 
posed by  cold  dilute  sulphuric  acid,  digested  with  carbonate  of  lead,  and  filtered.  The 
filtrate,  treated  with  baryta- water,  then  with  carbonic  add,  as  in  the  first  method, 
deposits,  after  standing  for  some  time  in  contact  with  the  air,  rubianate  of  barium  and 
the  barium-compound  of  rubidehydran,  to  be  treated  as  in  1,  while  rubidehydran  and 
chlorogenin  remain  in  solution. 

Properties.  — Kubianic  acid  forms  lemon-yellow  silky  needles ;  in  the  impure  state^ 
granules  and  a  crystalline  mass.     Tastes  somewhat  bitter.     Beddens  litmus. 

It  gives  by  analysis  55*5  to  56-6  per  cent.  C,  and  6*4  to  5*6  H,  whence  Schunck 
deduces  the  formula  C"H"0"  (calc.  560  C,  52 H,  38*8  0).  The  formuk  C^H*0'* 
reouirrs  55' 1  C,  5*3  H,  and  39*6  0. 

Kubianic  acid  dissolves  more  easily  in  boiling  than  in  cold  water ;  also  in  alcohol,  but 
not  in  ether;  does  not  dye  mordanted  fabrics.  It  dissolves  without  decomposition 
in  hot  aqueous  phosphoric^  acetic^  oxalic^  and  tartaric  acids.  Its  salts  are  red;  those 
of  the  alkali-Tnetals  are  easily  soluble ;  the  rest  are  formed  by  precipitation. 

Kubianic  acid  when  stronglv  heated  yields  a  sublimate  of  alizarin,  and  a  residue  of 
charcoal;  by  boiling  with  dilute  sulphuric  acid  it  is  resolved  into  alizarin  and 
glucose: 

.C««H*0"  +  2H»0     -     C»«H»»0*  +  2CWK>*' 
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Mm  A  budy  olttairifd,  together  with  aHwirin,  rnlnretiii,  and  vcnB&^ 
by  boiling  aqaeoos  rubian  (or  the  extract  of  madder  prepnred  with  bcnlios  vmler)  wiA 
dilute  Bulphuric  acid.  Thr  orange- vdlow  flocks  thereby  deposited,  whieb  oontain  tht 
four  subittancfs^  are  dissolved  in  iKiilini^  alcohol,  the  reddish-ydlow  solntioii  is  flltsnd 
boiling,  and  the  residue  is  boibnl  with  fresh  alcohol  ai  loog  u  the  Lftttrr  aequiTCS  % 
dark-yflluw  colour.  The  yt^llow  or  brown i.*ih-yellow  cn'stalline  mass  left  in  the  nsidss 
is  chiefly  rubianin,  which,  however,  may  alno  be  dissolred  by  frequent  treatment  with 
boiling  alcohol,  wlivnce  it  crystal!  isf's  on  cooling,  as  well  as  from  the  first  eztiMCta 
The  solutions  are  h'[x  to  cool,  and  the  crystub  of  rubianin  containing  Teimntin  sn 
Bf-parated  from  the  mother-liquid  (which,  however,  Htill  contains  a  little  rabinnin),  and 
dissolved  in  l)oiling  alcuhol ;  the  verantin  is  precipitated  by  acetate  of  lead,  and  the 
filtrate  is  left  toroul,  wlxntupon  it  de()osit8  ciystalsof  rubianin.  (See  further  Crmelin'i 
//awrfAo'/it,  xiv.  133.  134.) 

Itubianin  cr^'Htallihi's  in  lemon-yellow  needles  having  a  silky  lastre,  and  lighter  in 
colour  than  rubiucin.  It  contains  (at  100^)  67*6  per  cent.  C  and  6*42  H,  whence 
Srhunok  diduci's  the  formula  CIT»0'*  (requiring  58-0  C,  67  H.  and  86-3  0. 
Gerh  ar  (It  ('/'nriVr,  iii.  493)  sugyeHted  the  formuU  C»"H'»0»  -  C»»H«0«  (alizarin) 
t    2IP0  (calo.  671  C.  18  II ). 

Kubianin  is  more  soluble  in  boilin';  wnfor  than  rubiacin,  less  soluble  in  alcohol  thu 
rubirvtin  or  verantin.  Chlorine  converts  it  into  perohlororubian  (?).  It  dissolres  with 
yellow  colour  in  cold  oil  of  vitriol,  and  without  d«H^jmp<>.sition  in  hot,  strong,  nitric 
acid.  It  U  inxolulile  in  the  crdd  in  ammonia,  carlK)nate  of  potasMiium,  and  enrbonate 
of  so^Iium,  but  di-Milvi'S  at  the  boiling  heut,  forming  a  blood-red  solution,  whmee  it 
crystiilli^-es  ant'r  standing  for  some  time. — The  ammoniacal  solation  forms  red  preci- 
pitates with  chloride  of  barium  and  chloride  of  calfium.  Tlie  alcoholic  solution  does 
not  precipitate  neutral  acftati^  of  lead.  Kubianin  dissolves  with  dark-brown  coknir  in 
a  strong  Hilution  of  ferric  chloride,  without  forming  rubiacic  acid. 

SVBZCBXiOaZC    ACZB.      (Roehleder,    Ann.    Ch.  Pharm.   Ix'r^.    827;   B. 

Schwarz, /Vi/V/.  Ixxx.  333;  Williirk.  iUJ.  Ixxxii.  339.)— This  acid,  perhaps  identical 
with  Schunck'K  chlon>i;(<nin  (i.  921),  is  contained,  according  to  Roehleder,  m  the  root, 
according  to  Willigk,  in  the  leaves,  of  /i*nfn'a  tinctorum ;  also,  according  to  Schwai^ 
in  the  herb  of  Aifjtfnila  (tdorafa,  GaUuvi  venont  and  G.  aparine.  It  is  found  in  traces 
in  the  precipitate  formeil  hy  neutnil  acetate  of  lead  in  the  aqueous  extracts  of  the 
pbints  ju.st  nii-ntioni-d;  in  somewhat  larger  quantity  in  the  prc-cipitate  produced  in  the 
filtrate  by  basic  acetate  of  bad  ;  and  chiefly  in  the  precipitate  thrown  down  bj  ammonia 
in  the  liquid  filtered  from  the  preceding  precipitates,  and  still  contMuing  lead.  It  is 
sppamted  therefrom  by  Rulphydric  acid.  (For  the  details  of  the  preparation,  see 
Gmiiina  HandfjtM^k,  xvi.  fi7.) 

Rubictiloric  acid  ih  a  colourless  or  slightly  yellow  mass,  having  no  odour,  but  a  fiunt 
nauHf'ouH  ta^te ;  euNily  soluble  in  water  and  alcohol,  insoluble  in  ether,  coloured 
yellow  by  alkaliN,  not  precipitated  by  baryta-water.  Its  Itad^alt,  obtained  by  preci- 
pitating the  ammoniacal  solution  with  neutral  acetiite  of  lead,  is  a  yellow  transparent 
mass.  The  n^Nults  obtained  by  its  analysis  are  so  discordant  that  it  is  useleas  to  qnois 
them.     The  acid  itself  has  not  Ijeen  analysed. 

Kubichloric  acid  heated  with  hydrochloric  acid  turns  bine,  then  green,  and  deposits 
dark-green  flocks  of  chlororubin,  with  simultaneous  production  of  fmnie  aeid; 
perhaps  thus : — 

C"ll"0»     =     C"JI*0*  +  2CH«0«  +   2HH). 

Kubichloric  Chlororubin.        Formic  acid. 

acid. 

Oblororabiii.— This  body  is  likewise  produced  by  boiling  chlorogenin  with  acidf 
rSchunck).  According  to  Jessen  (Wien.  Akad.  Bcr.  xiv.  294),  it  is  contained  in 
Chinese  yellow  pods,  the  fruit  of  Gardenia  grandiflora,  and  may  be  prepared  thetefiom 
by  distilling  the  alcoholic  decoction  in  a  stream  of  carbonic  anhydride,  to  remove  the 
alcohol,  passing  the  liquid  through  a  wet  filter  to  free  it  from  oil,  and  treating  the 
filtrate  with  neutral  acetate  of  lead,  which  throws  down  colouring  matters  and  *a»i«T<T 
acid.  On  gently  warming  the  filtrate  with  hydrochloric  acid  and  heating  it  to  the 
boiling-point,  after  removing  the  brown  flocks  which  separate  at  furst,  chlororubin  is 
deposit  wl  in  dark -green  flocks,  which  may  be  washed  with  water  and  dried  in  a 
VJicuum.  It  then  forms  a  blue-green,  grass-green,  or  black-green  powder,  containing 
variable  quantities  of  water.  It  is  insoluble  in  water  and  in  alcohol,  but  dissolTSS 
in  alkalis,  forming  a  blood-red  solution,  which  is  turned  green  by  acids.  It  gives  bj 
analysis:  (a)  638  per  cent.  C,  6-0  H  (Debus);  (*)  686  C,  44  H  (Bochledar): 
(c)  6117  C,  51  II    (Schwarz). 

According  to  Rocliloder,  anhydrous  chlororubin  <H>ntain8  C'HH)*,  and  it  is  aaso- 
datod  in  a  with  J  «t.,  in  h  with  \  at.,  and  in  c  with  2 at. 'water.   According  to  T.  Orth 


RUBIDEUYDRAN- RUBIDIUM.  127 

(Wien.  Akad.  Ber.  xiii.  610),  it  contaios,  after  deduction  of  6*9  per  cent,  ash,  74*8  C 
and  6*46  II,  whence  he  dedncee  the  formula  C"11**0*. 

AITBXBBBTBSAW.  (7«H«0'«.  (Schunck,  PhU.  Mag.  U]  xii.  200.)— Ob- 
tained in  aqueous  solution  in  t'.e  preparation  of  rubianic  acid,  and  partly  purified  bj 
evaporation,  solution  in  cold  water,  and  precipitation  with  alcohol.  It  forms  a  reddish- 
yellow,  transparent,  non-deliquescent,  bitter  gum,  yielding  with  water  a  yellowish  solu- 
tion, firora  which  it  is  not  precipitated  by  any  metallic  salt,  except  basic  acetate  of  lead. 
It  gare  by  analysis  66*50  C  and  6*65  H;  the  above  formula^  which  is  that  of  mbian 
minus  1  at  water,  requires  56*75  C,  5*40  H,  and  38*87  0. 


C"H>'N.  (G.  Thenius,  IWp.  Chim.  app.  iv.  181 ;  Jahresb.  1861, 
p.  600.) — An  organic  base  belonging  to  the  pyridine  series,  OH*-*N,  and  contained, 
together  with  several  other  members  of  that  series,  in  coal-tar.  The  method  adopted 
by  Thenius  for  obtaining  these  bases  from  coal-tar  oil,  and  separating  them  one  rrom 
the  other,  is  similar  to  that  given  by  Greville  Williams  under  PicoLDfi  (ir.  636); 
eonsistinff  in  combining  the  bases  with  sulphuric  acid,  liberating  them  by  caustic  soda, 
dehydrating  them  with  caustic  potash,  and  separating  them  by  fractional  distillation,  or 
by  fractional  precipitation  as  platinum-salts. 

Rubidine,  so  called  from  the  tendency  of  most  of  its  8alt«  to  assume  a  reddish  tint 
on  exposure  to  the  air,  is  a  colourless  liquid,  having  a  faint  odour  and  oily  consistence. 
It  is  heavier  than  water  (specific  gravity  «=  1*017),  slightly  soluble  therein,  soluble  in 
all  proportions  in  alcohol,  ether,  and  volatile  oils.  At  17^  it  thickens,  but  does  not 
solidify.  Boils  at  230®. — With  chloride  of  lime  it  produces  a  red  colour,  which  does 
not  entirely  disappear  on  addition  of  acids.  Fir-wood  moistened  with  hydrochloric 
acid  is  also  coloured  red  by  it.  The  base  precipitates  alumina,  chromic  oxide, 
and  ferric  oxide  from  solutions  of  their  salts,  but  not  lime,  baryta,  or  magnesia. 

The  solutions  of  rubidine  in  acids  leave,  when  evaporated  over  the  water-bath, 
gummy  m&saes,  which  solidify  in  the  crystalline  form  on  standing  over  chloride  of 
calcium.  The  hydrochlorate  forms,  with  mercuric  chloride^  a  double-salt  which  melts 
at  32^,  and  crystallises  from  hot  water  in  needles,  turning  somewhat  reddish  in 
contact  with  the  air.  The  platinum-salt,  2C**H'»XClPt"Cl*,  is  a  reddish  crystalline 
powder,  insoluble  in  water,  alcohol,  and  ether.  With  chloride  of  gold,  the  solution  of 
the  base  in  hydrochloric  acid  forms  a  yellowish-red,  sparingly  soluble  double 
salt 


Symholf  Rb. ;  Atomic  Weight,  86*4. — ^A  metal,  belonging  to  the  group 
of  elements  which  likewise  includes  lithium,  sodium,  potassium,  and  caesium.  It  was 
discovered  by  KirchhofT  and  Bun  sen  in  1860,  by  the  method  of  spectral  analysis. 
It«  spectrum  is  chtcfiy  distinguished  by  two  bright  red  lines,  situated  beyond  the  line  A : 
hence  the  name  of  the  metal  (^/3i8of ,  dark-red). 

Rubidium  was  first  detected,  together  with  csesium,  in  the  mineral  water  of  Diirck- 
heim,  in  which  it  exists  to  the  amount  of  2  pts.  in  ten  million.  It  has  since  been 
found  in  larger  quantity,  together  with  ctesium  and  lithium,  in  several  other  saline 
waters  (see  Cjbsiuv,  i.  1113),  and  moet  abundantly  in  that  of  Bourbonne-les-Bains,  a 
litre  of  which  contains  0*034  grm.  chloride  of  potassium,  0*032  grm.  chloride  of  c»iium, 
and  0019  grm.  chloride  of  rubidium  (Qrandeau,  Ann.  Ch.Phys.  [3]  Ixvii.  166);  and 
in  that  of  Nauheim,  the  mother- liauor  of  which  yields  a  residue  containing  in  a  pound, 
2  drachms  9  grains  of  the  chlorides  of  rubidium  and  caesium.  (Bottger,  Ann.  Ch. 
Pharm.  cxxvii.  368 ;  cxxviiL  240.) 

Rubidium  is  also  found  in  several  lepidolites ;  that  of  Bozena,  in  Moravia,  contains 
0*24  per  cent,  rubidium,  with  only  a  trace  of  caesium ;  that  of  Hebron,  in  the  State  of 
Maine,  0*24  per  cent,  rubidium  and  0*3  per  cent  caesium.  The  two  metals  likewise 
occur,  though  in  smaller  quantity,  in  the  lepidolite  of  Prague,  the  petalite  of  Uto  in 
Finland,  the  b'thia-mica  of  Zinnwald  in  Bohemia,  triphylline,  and  other  lithia 
minerals.  The  melaphyre  of  Norheim,  in  which  the  mineral  waters  of  Diirckheim  and 
Kreuznach  take  their  rise,  contains,  according  toLaspeyres  (Bull.  Soc.  Chim.  1866, 
i.  356)  0*00038  per  cent  oxide  of  caesium,  and  0*000298  per  cent  oxide  of  rubidium. 

Lastly,  rubidium  has  been  found  in  the  ashes  of  many  plants,  and  in  the  salin  or 
crude  i)ota8h  obtained  from  the  residue  of  the  beetroot  sugar  manufacture  (iv.  713). 
According  to  Grandeau,  the  salin  of  the  North  of  France  contains  1*8  grm.  rubidium- 
chloride  in  a  kilogramme.  The  quantity  of  this  salt  annually  abstracted  from  the 
soil  amounts  to  about  260  grms.  per  hectare,  although  the  proportion  of  rubidium 
existing  in  the  soil  is  too  small  to  be  detected,  even  by  spectral  analysis.  Rubidium 
has  also  been  found  in  tobacco-leaves,  in  coffee,  tea,  cocoa,  and  crude  tartar.  In 
minerals  and  mineral- waters,  rubidium  and  caesium  are  alwavs  associated  with  lithium, 
and  generally  also  with  potassium  and  sodium ;  but  plants  have  the  power  of  assimi- 
lating two  or  three  of  these  metals,  to  the  exclusion  of  the  rest :  thus  tea,  coffee,  and 
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tho  nlin  of  beetroot  oootain  potassium,  eodinm,  and  robidium,  but  not  a  trace  of 
lithium. 

Prrparaticn. — Tho  bfrt  ffoure^'  of  ruhidiam,  atwonlin^  to  Bonscn,  is  the  saline 
residue  obtainM  in  tho  p^■|Vlration  of  lithia  from  Saxon  lopidolites,  and  conriHting  of 
thti  chlorides  of  sodium,  TKjtaMiura,  and  rubidium,  vith  small  quantities  of  chloride  of 
ca'flium,  and  tracns  of  ohlon<Io  of  stmntium.  The  rubidium  la  precipitatod,  together 
with  potassium  an«l  csHfium.  bv  platinic  chloride,  and  sfparated  from  potassiom  bj  the 
inf'-rior  solubility  of  iu  chloroplatinatc  (i.  1114).  One  kilo^mme  of  tneaaline  mixture 
is  diBsolv<-d  in  25  kilosrms.  of  watf-r,  and  the  cold  liquid  is  precipitated  by  a  solutioo 
of  about  30  erms.  platinum  in  nitromuriatic  acid.  AAer  the  precipitate  has  com- 
jiletely  settlca  down,  the  supernatant  liquid  is  decanted,  and  the  precipitate  is  buiW 
26  times  in  succi'ssion  with  Hmall  quantitii'fl  of  water  (about  1*5  kilugrm.  in  all),  each 
portion  beinf?  then  pourt-d  into  the  original  liquid  dtrcanted  from  the  Drc^ipitate.  A 
trpfih  prtcipitation  of  plutinum-Kilt  is  thrnby  producMl,  and  the  liquid  aeoanted  there- 
from  ifl  to  be  r-vanorntod  down  to  nearly  itHori^rinal  bulk  (2'5  kilc^rramnies).  If  now 
the  precipitatr-d  chlordplatinate  U^  di'Oom{x>«i:-d  liv  hydrogen,  and  the  rcdoci-d  platinum 
waslnd,  redifiStilvt-d  in  nitr •muriatic  acitl.  and  added  to  the  liquid,  a  new  precipitate 
will  bc'  fomifd,  rolatr-d  to  th**  fiolution  in  the  Kime  manner  as  at  the  bc^ginning  of  the 
process.    Tho  pri-cipitat**  and  liquiii  may  thi-n-furo  be  a^rain  tri?atcd  as  before. 

By  rep^'ating  thisi  o]H'niti«in  i*«ri  n  or  iij.'ht  t'mts,  the  gr«'ater  part  of  the  rubidium* 
chloride  contained  in  a  kiln;;raniino  of  tlu-  same  material  will  be  eztrncted.  Elach  of  the 
pnripitates  thuH  obtained  is  dri'-«l  OT*»r  the  watvr-ltnth,  the  whole  reducc-d  by  h^'dro- 
gi'U,  and  thi>  alkaline  chloridts  di.ssDlvM  out  by  water.  The  product  thus  obtained 
consists  of  12'')  gmi«i.  chloride  of  rubidium,  mixed  with  3  or  4  per  cent,  chloride  of 
]:lOta^-i^m.  and  a  very  pniall  quantity  of  chloride  of  ca-sium.  Tu  remove  these  im- 
puritii  s,  till'  iMiilin^y  solutions  of  36  grms.  of  the  mixed  clilorides,  and  of  the  platinie 
chloride  pnxbK-r>l  by  dissulrinf!  30  ^nis.  platinum  in  nitromuriatic  acid,  are  mixfd 
to^cihi  r,  and  th«-  yi-llnw  sandy  privipitute,  which  sq>amtos  on  cooling  to  40®,  is  washed 
by  di'i'antation  with  w;it«  r  at  UP — 60^.  The  waslud  precipitate  is  reduced  by  hydro- 
fri'ii  at  as  low  and  reinilar  a  temj  f-mturo  ns  [Hjs->iMe,  and  th^"  same  treatment  is  repeated 
till  tho  precipitate',  whin  fxamim-d  by  tho  srK'Ctro«icope,  no  longer  exhibits  the  red  rar 
pi>niliar  to  ]K>ta!«.sium  (Bun son,  Ann.  Ch.  rliami.  cxxii.  361).  The  chloride  of  mbi' 
diiiin  thus  purifi(*<l  no  lunp^r  contains  any  foreif^i  metal  except  dGsium,  from  which  it 
may  Ix-  s.jKirate*!  by  ihr  pn>oe»isi*H  already  doscriln-d  (i.  1113,  1114). 

Tlu?  same  pr«x*e8S  may  of  course  bo  applied  to  other  mother-liquors  and  residues 
eontainiu};  ca'sium  and  ruhidium.  Bottgor  (A>c.  cit.)  recommends  the  saline  residne 
ol'taino'l  by  e\'aporating  the  mother-liquor  of  the  Nanheim  water  as  the  cheapest  and 
moat  productive  Hi>urt»o  of  thos«^  mr-tals. 

A  m<>dification  of  tho  precoiiinp  process  is  irivon  by  He  in  is.  (J.  pp.  Cham.  IzzzriL 
310;  Jahnsb.  1862,  p.  121 ;  further,  Ann.  Ch.  Pharm.  cxxxit.  129  ;  BulL  Soc.  Chim. 
1865,  ii.  354.) 

Tho  following  process,  applicable  on  the  largo  scale,  for  extracting  the  alkali-metilt 
friim  lepidolite  is  civon  by  Schruttor  (Wirn.  Akad.Ber.i.  [2]  268;  Bull.  Soc.  Chim. 
1865,  ii.  106;  Jaliresb.  1861.  p.  186):— Tho  miner.il  is  first  heated  to  redness,  withoui 
the  addition  of  anv  flni.  It  trrnn  melts  with  considerable  tumefaction,  and  when  sub- 
sequently thrown  mto  cold  wat«T,  solidifios  to  a  vitreous  transparent  mass,  which  must 
be  pulvonse^l  an«l  wjished.  (Tho  waHh-wators  contain  small  quautities  of  the  aiDcalx- 
mctaln.  and  may  !»«'  us»'d  for  tho  tri-atnient  of  anothor  {lortiun  of  tho  mineral).  Tha 
waj^liKl  mass  is  U>iled  with  hydrrK*hlnric  aeid  (2  pts.  of  aei«l  of  specific  gravity  1*10  to 
1  j)t.  of  lepidolit*-)  for  several  hours.  wh»reby  the  ^rreater  jart  of  the  silica  is  separated; 
and  tho  poliition.  afti-r  adtlition  of  fi»rric  nitrate,  is  mixod  with  carbonate  of  sodium,  which 
procipitHtos  iron,  aluminium,  calcium,  mti^esium,  and  manganese,  the  liquid  being 
hufficieiitly  diluK-tl  to  |>revent  tlie  tiiniulhineous  pn'cipitation  of  carlionate  of  lithium. 
Tho  filtered  liquid  doiM)hits  on  evaporation  a  small  arlditioiial  quantity  of  magincsium- 
CJtrl>onate,  and  then  retains  nothing;  but  the  alkaline  rhloriih-s  and  a  small  quantity 
of  Hilioti.  It  is  saturate^l  with  hydrochloric  acid,  and  niixi^l  with  an  aqueoua  solutioa 
of  potaKsic  chlon>pljitinato  in  sufficient  quant ily  (determined  by  previous  trial)  to 
pneipitato  the  whole  of  tho  rubidium,  ea-sium,  and  thallium.  The  filtered  liquid, 
contain! nc:  the  oxceM  of  platinum  and  litliium,  is  pncipitatetl  by  sulphydric  acid  to 
scpiirate  the  platinum  ;  then  concentrated,  and  treated  with  carbonate  of  sodium,  which 
tlimws  di>wn  the  lithium  as  cariwnate. 

The  platinum-precipit;it<'  containing  rubitlium,  caesium,  and  thallium,  is  reduced  by 
hydn»^in  at  as  low  a  temj^rature  as  possible  ;  tho  ignite<l  masH  is  waslitd  with  water, 
to  n  move  the  chlorides  of  ejwium  and  rubidium;  then  treato<i  with  sulphuric  acid,  and 
again  vi-ashid  with  water,  to  dissolve  out  tho  thallium-salt.  lastly,  the  CKsium 
and  rubiilium  nn*  P«'panitcd  by  the  procosfi^  alrea«ly  mentioned. 
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of  rubi'iium  ho  cl<>selT  rtspTnl'le  the correflpondiDg  compomidiof  potanmB  and  CKBim, 
tliat  they  cnouut  b^  \li^ti»pii>>h«-d  thi.refrom  l»y  ordinanr  analytical  methoda;  bnt  by 
spectral  analyftis.  ver>-  niinuti-  (luantiticK  may  Ix'  d«t«^ed.  The  ap««train  of  mbidhmi 
in  ountinuouN  in  the  niidtllc  {lart,  likf*  that  of  potassinm,  bat  »i:>inewbat  le«8  bright;  it 
is  eftfi^'cially  character] sfd  by  two  »trong  rc<l  liiifs,  Rba  and  Rbft  BitQatcd  beyond 
Fraunhofi'r'N  line  A,  and  the  two  othcm,  7  and  8,  K'ss  dibtinct,  and  like'«ri»«  ntoated 
bf Tond  A.  Th<-<M*  lini-s  are  most  distinctly  »■«■»  with  the  nitrate,  chlorate*,  pexvhlont^, 
and  chli^ridp  of  rubidium,  on  account  of  the  facility  with  which  these  salts  are  decom- 
jtf'StA  by  heat.  A  tlrup  of  watf-r  weighing  4  milligrammeti,  and  holding  in  solntioa 
only  0*002  milligrm.  of  the  cldoridf,  shows  the  liniii  a  and  0  Tery  distinctly.  Hm 
sulphato  also  givi»s  a  fine  Kpcetrum,  and  cren  with  the  silicate  and  phosphate^  all  paiti 
of  thv  H|M'ctruoi  may  bv  dihtinctly  seen.     (Bunsen  and  Kirchhoff.) 

Rffimafion  and  Hrprirntion. — In  a  solution  not  containing  potnasinm  or  ctmiib, 
rubidium  may  1j«*  cbtiniatcMi  in  thf*  tame  manner  as  potastiium.  The  separation  of 
rubidium  from  potassium  is  efTirted,  as  already  described,  by  the  inferior  iw>lnbiiityof 
its  chloroplatinutc  (p.  128).  H  eint z ( J.  pr.  Chem.  Izzzvii.  320 ;  Jahresb.  1862,  p.  121) 
has  obMcrreil,  that  when  a  miztun-  of  the  chlondesof  sodium,  potassinm,  and  mbidiaffl 
is  trent«Hl  with  a  quantity  of  phitinic  chloride  mon?  than  sufficient  to  convert  all  the 
rubi<lium  into  chloropbitinatcH,  and  then  boiled  down  to  a  small  balk,  the  supernatant 
liquid  retains  only  a  tract ■  of  rubidium.  If,  on  the  contrary,  the  platinic  chloride  be 
addetl  in  quantity  less  than  sufficient  to  precipitate  the  whole  uf  the  mbidium,  and 
thft  liquid  be  kept  for  some  time  at  a  suitable  tem])«ratare,  the  precipitate  will  coiuist 
wholly  of  chlorrjplntinate  of  rubidium. 

For  quantitative  estimation,  howi'Ver,  it  ift  bef<t  to  resort  to  indirect  meChodiL 
Buusen  (Ann.  Ch.  rharni.  rxxii.  347)  jn^CH  the  following: — 

a.  The  two  mi^tals  aro  precipitated  to^retlier  by  platinic  chloride,  and  the  amoimtof 
platinum  in  the  precipitate  is  di'tennined  byth«>  lonsof  weight  consequent  on  redoetioB 
by  hydnjgen,  and  substfjuent  waHhing.  I-.»t  A  be  the  weight  of  the  pr«*cipitate.  Bthe 
loss  of  weight  cause<l  by  reduction,  &c..  x  the  weight  of  the  potaasic  chloroplatioalt 
(KHCl')*  in  the  precipitate,  y  that  of  the  correttponding  rubioinm-salt ;  then 

*  +  y     -     A. 

2C1  2C1  ^     g. 

FTTk  +  301*  **"   Pt  +  Kb  +  3Cl^     "         ' 

whence  *  and  y  may  be  calculato<l. 
Ah,  hoMerer,  comm(>rci:il  platinum  often  contains  impurities,  which  may  render  iti 


with  nitrate  of  silver. 

I^rt  X  \Hi  the  weight  of  potassium-chlorido,  y  that  of  rubidium-chloride,  A  the  weight 
of  the  mixture  found  by  experiment,  B  that  of  the  precipitated  chloride  of  silver: 
then 

*  +  y     =     A; 

AR   +    C1^;P   +    Ag    +    CI  5 

K";""C1  Kb   +   Cl^ 

whence    if    ^^  +_51  =  a  •      -^8—+   ^  v     »      b 
Whence,  k~+~^  '      Hb  +   CI  ^  "' 

we  find : 

,    -      *A-J;  y    =    A    -   ,. 

o  —  a 

Ainmic  Weight  of  Bulndhnn, — Determino<l  in  the  nimem&nner  as  that  of  potassiiiB. 
According  to  the  mean  of  Bunsen's  experiments,  it  is  85*36 ;  according  to  Ficcaid, 
8fi'41:  hence  8o'4  may  be  regarded  as  correct. 

SVBIBZVM,  rSBSOOTAXTOB  OF.     (See  page  129.) 


lTB  or.  EbHO,  or  Kb'O.H-0.  Obtained  bygmdnaHy 
adding  bar^'ta-water  to  a  solution  of  the  Ru1)>hate  in  100  rts.  water  deprired  of  airl^ 
boiling.  If  the  liquid  bo  kept  near  the  boiling  point  at  the  time  of  adding  the  baiyta- 
water,  and  agitated,  the  precipitated  barium -sulithate  settles  down  in  a  few  minntfi^ 
and  the  filtrate  evaporated  in  a  silver  rt>tort,  yields  hydrate  of  rubidinm  in  the  form  of 
a  white  porous  mass,  with  slightly  greyisli  reflex.  It  melts  at  a  heat  below  rednesi^ 
without  loss  of  water,  and  forms  on  cooling  a  brittle,  slightly  friable,  amorphoos  niaa% 
having  a  lamellar  fracture.  It  volatilises  completely  in  the  blowpipe  flame,  diasolrfS 
in  water  with  great  rise  of  temperature,  deliquesces  rapidly  on  exposure  to  the  air, 

•  Pt  =  09-7. 
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by  niiy  mrtallio  Halt  cxript  Imsie  acetate  of  l»id.     With  acicU,  alkalis^  and  ehlorine,  it 

ykldM  tho  Bamr  I^^odlh•t^  as  ruhian. 

iLCZB.    *Syn.  with  Isimic  Acid  (iii.  4U3). 

ACZ2>.  AIro  callc-d  lii'ftK'afeckuie  arid  (Sranberg;  Ann.  CIl 
Pharm.  xxiv.  2\f)),  Whrn  a  Holution  of  catrchin  in  an  alkaline  carbouate  is  expend 
to  thf  air,  the  lirinid  pmduiilly  ussum«'8  a  dark  rr'd  colour,  and  then  yields  nith  h\di9- 
chloric  arid,  rrsl,  nrin-rr^'stallinc  tiockn  of  rubinic  acid,  which,  howiTer,  is  so  unstable 
that  it  liliicknnH  eviii  during  wanhin^  and  drying;.  When  dried  in  a  varunm,  and  already 
alt«T<-<l,  it  pav«'  by  analyMs  01*04  p<'r  cent,  ciirlwn  and  4*'21  per  cent,  hvdrogfn. 

Tho  nibiiiatfft  arc*  n-d  and  slightly  nohible:  their  fiolutions  blacken  dnrin^^  ertpon* 
tion.  TIjf  pofa/'tiitti7t-M/t  may  1h*  isolated  by  f^at uniting  tho  red  solution  of  catechio  ii 
potafisic  earbonatf  with  aeetie  acid,  till  the  rubinic  acid  begins  to  sei>anite,  ad«ling 
al'!ohoi  to  the  filtrate,  and  drying  thu  precipitated  salt  in  a  vacuum.  It  is  veiy  tulable 
in  water;  itH  solution  fornix  n-d  preci]iitatei»  with  metallic  saltH. 

HVBXSSTXir.  C'lPO*. — A  Bub.stance,  isomeric  with  benzoic  acid,  existing  in 
madder-root,  and  obtained  as  a  byo-proiluct  in  the  preparation  of  rubian  (i*.  123); 
in  the  d».c« imposition  of  nibian  by  acids  ami  y>y  erythrozym  (p.  124;  also  OmflUU 
HandftooA;  xiv.  133,  13o\  and  in  tl.«»  preparation  1  of  rubi'adiu  (p.  120);  in  the  last 
case  an  a  lead-corn pouii<l.     It  is  al^o  produeeil  by  iKiiling  ehlororubiun  ^'ith  alkalis. 

The  mixtun*  of  the  b:id-eom[Kjunds  of  rubin-tin  and  rerantin,  obtained  in  the  j«- 
parntioii  ftf  rubiiidin,  yit-Ms,  wht-n  de»Y>mposrd  by  lioiling  hydrochloric  acid,  a  brown 
powder,  fnini  which  tiie  rubintin  may  U'  dissolviKl  out  by  cold  alcohol,  the  greater 
part  (if  the  vcrantin  remaining  behind.  Th<'alcoholic6olution,  when  evapomtcd,  \tam 
tho  mbirt'tin,  which,  if  it  ckx-s  not  nult  in  boiling  water,  mufit  be  purified  by  re-solatiaD 
in  rnU\  alciiliol  and  {-vnporation  of  the  filtrate.  A  ttimilnr  mode  of  purifying  may  b« 
a]>plii'd  to  nil.'intin  ubtainc-d  at*  a  sen.indar}-  protluct  under  other  circumstances. 

Vnqnrtitn.-  Kubiretin  is  a  dark  n  < Id i»h -brown  re.sin,  brittle  and  friable  in  the  cold, 
iwjft  at  O.'i'',  nnltin^r,  at  alujut  lOO"^,  to  dark-browu  drops.  It  gives  by  analysis,  68'4l 
per  rent.  C,  and  .V'22  H  (cale.  6885  C,  491  H,  26-24  O). 

]{ubirciin  dissolves  sparinprly  in  boiling  fr/^/^r,  but  softens  therein,  and  on  coolis^ 
de{)ositH  yellow  flocks,  which  increase  on  the  addition  of  an  acid.  It  is  easily  sohible 
in  (ilcfthol.  It  dissolves  with  dnrk  oninge  colour  in  oil  of  vitriof^  and  is  precipitated  by 
watr-r.  It  dissolvcH  in  afnt/Ufhifi,  in  the  pvrv  fixid  afka/ifi,  and  in  alkaline  carhunaietf 
forming  brown-n-d  solution^,  from  which  it  in  precipitated  by  acids.  The  ammouMdi 
solution  forms  purpb*  ]»rccipitates  with  chforuli-  uf  l^arium  and  chloride  of  enleinmt 
dirty  red  with  a/ifni  and  nitrntf  of  nh-ir.  It  <liis.'«olves'  in  aqu*«ous. /VrnV  chfcride,  with 
dark  n-fl-brown  colour,  and  is  precipitatid  by  acids.  \VTicn  free  from  alizarin,  it  does 
not  dye  monhmtrtl  fabrics. 

Whin  heated  in  a  test -tube,  it  giuerally  j-ields  a  scanty  sublimate  of  alizarin, 
together  with  a  brown  oil.  It  is  decomposed  by  hot  oil  of  vifrinl.  Boiling  vitrie  add 
converts  it  into  a  yt-liow  subhtance,  which  no  longer  softens  in  1  oi ling  water,  and  ii 
scarcely  soluble  in  aIc<jhol.  (Jhlorutr  passetl  into  the  alcoholic  solution  of  rubiivtiii, 
decolorises  it,  and  renders  it  no  longer  pneiiMtable  by  acids.     ^Schunck.) 

RVBZTAVirZC   ACZD.      Tannic   acid   from   the   leavr'S   of  Rulria   tincionm. 

(Willigk.  Ann.  Ch.  I'hnrm.  Ixxxii.  340;  (ini.  xv.  632.) 

StrsazXTXTSZO  ACZB,  or  Kitro'luCinatic  acid.  See  PiCRAinc  Acm  under 
Phenol  (iv.  4uG). 

SVBT.  The  Oriental  ruby  is  a  red  variety  of  corundum  (ii.  80) ;  see  also  Dan^M 
Mincralotw  (n.  III).  The  rc-d  varieties  of  spinel  are  sometimes  called  Spinel  ruif, 
Btdas  rufty,  or  Alamandin  ruffi/.  (See  Spijtel.) 

&UB,  OZlb  OF.    The  essential  oil  obtained  by  distilling  garden  rue  (Rvtaarawh 

lcu«)  with  water.     AVh«  n  purified  by  a  few  rectifications,  it  is  somewhat  viscid ;  has  a 


hydrocarbon  with  an  aldehyde  or  ketone 
belonging  to  the  series  C"H-=»0.  This  compound,  separable  by  alkaline  bisulphitei. 
was  formerly  regarded,  ace<jrding  to  the  investigations  of  Gerhardt  (Compt.  lend. 
xxvi.  225.  361 ;  Traif^,  ii.  773),  and  of  Cahours  (Compt.  rend.  xxvi.  262),  as  eaprie 
or  rutic  aldehyde,  C'«H*»0.  But  Greville  Williams  (Phil.  Trans.  1868,  [1]  W; 
Jahresb.  18/>8,  p.  443)  has  shown  that  the  crude  oil  contains  two  such  compounds,  w.| 
C'll^-O  and  C'*H"0,  the  latter  in  comparatively  small  quantity;  and  this  result  has 
been  confirmed  by  Harbordt.  (Ann.  Ch.  Pharm.  cxxiii.  293  ;  Jahresb.  1862,  p.  260.) 
Williams,  by  subjecting  crude  oil  of  rue  to  repeated  fractional  distillation  oDC^sed 
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TIio  aqueous  solution  of  rufimoric  acid  (contaiaing  a  tnoa  of  ammonia),  doet  not 
pn-cipitAte  ulum;  but  on  addini;  moro  ammonia,  a  dark-red  lake  is  tlirown ^dovn. 
The  Riimo  rt>notion  is  prr^duced  with  stannous  chloride  and  chloridn  of  Ijariom.  Neutnl 
acr-tato  of  lend,  cuprie  ncotnte,  ami  mcrcuroud  nitrate  form  red  or  brown  fovcipitatcf. 
Nilrato  of  HilvtT  an«l  hulpliate  of  zinc  are  not  pn>cipitated. 

Chlorint;  doct>iniN>><L-.s  tlu*  solution  of  rumiforic  acid,  throwing  down  red  flocks. 

SUTZir.  f'*'ll*0'.  (Muldor,  Rov.  sciontif.  iii.  50.)— A  componnd  prodoeedby 
tho  airti'in  of  hrat  on  plilori/in.  and  differing  thorefrom  by  the  elements  of  2  at.  water: 
C"II**U''  -  C-^H^CT  +  'iiro.  It  is  a  n-^nous  suUitance  of  a  red  colour.  Ttrj 
friabh',  dissolving  in  alcr^hul  with  d«'«'p  oranpo  colour,  nearly  insoluble  in  ether.  Wiit*r 
dissolves  it  at  tliu  l>oiling  hi-at,  und  dfcoloritted  it  instantly;  the  solution  beconet 
milky  on  cooling.  Ktitin  dissolvcN  in  i$tn>ng  Rulphuric  acid,  producing  a  fine  red  sola- 
tinii.  wliii'h  is  (liriMjIfiriKicd  by  wator.  If  in  insoluble  in  hydrochlurio  acid  ;  decomposed 
by  hot  nitric  aoid.  It  dishulvi'fl  with  red  colour  in  potash  and  ammonia,  and  is  preci- 
pitated thi'ivfroin  by  ueids. 

XnM.    A  Kpirituous  liquor  distilled  in  the  West  Indies  £rom  molasses.    (See  Un's 

DUtiouury  uf  Art»y  \'C.  iii.  OuG.) 

aVBIZCZH'.  Syn.  with  CHnT!V)PiiAyic  acid  (i.  958).  This  substance  exists  ii 
the  p^its  of  various  spocii^s  of  lium'x,  viz.,  linmex  patinitia,  R.  pafustris,  R.  acuttt, 
R.  aqutitiiUJf,  nnd  Ii,  llyJrulapothifiny  as  wull  as  in  rhuliarb  and  wall-lichen. 

KUBZOCKZH'S.    A  r<>d  Fubbtanco  produced  by  the  action  of  chlorine-water  lad 

ammonia  on  <]uiuiue  (p.  18). 

3RUTA1IEZBB.     Svn.  with  Capkamids. 

StUTBBlTB'rPXSZC  ACZX>.    iSeo  RvTHiurii.'M,  Oxides  OF  (p.  137). 

See  CTA2iiDES  OF  RuTHEirxuii  (ii.  271). 

AUnnic  wchjht,  1  04.  Symftof,  Ru. —  This  metal,  discovered  br 
ClauR  in  1816,  occurp  in  plMtinum-ort\  nnd  chiefly  in  osmiridium,  which  sometimes 
contains  it  to  the  amount  of  3  to  6  per  cent.  Its  properties  and  combinations  have 
been  examined  elii'llv  by  CUus  (Pogg.  Ann.  Ixiv.  192,  624;  Ixr.  200;  Ann.  Ch. 
rharm.  hi.  2;37;  lix.  "231 ;  Ixiii.  250\  Fr^my  {Traite  de  Chimie  par  Ptiuuzt  d 
Friuit/,  S"'*-  ed.  iii.  1334),  iiudDoville  and  Debray^Ann.  Ch.  Phys.  [3]  ItL  385; 
Jahn-sb.  185U,  p.  233). 

Extraction  :  1.  Pulverised  osmiridium,  mixed  with  about  half  its  weight  of  comnoii 
salt,  is  heatiHi  to  low  redness  in  a  curr«'nt  of  moist  chlorine;  the  disintegrated  masi  ii 
di(;rKted  in  cold  water ;  and  the  concent rat(;<l  solution,  which  is  brown-zvKl  and  almort 
opaqiio,  is  mixinl  with  a  fi'W  drops  of  ammonia  anil  gently  heated,  whereupon  itdepwia 
a  copi'iiis  black-brown  precijiitat**,  consisting  of  sef<quioxide  of  ruthenium  and  dioxide 
of  osmium.  This  precipitate,  after  bring  washed  with  nitric  acid,  is  heatM  in  i 
retoi-t,  till  the  osmium  is  i-xiH-lh-d  in  tlic  form  of  osmic  tctroxide.  The  rrsidue  is  theo 
ignited  for  an  hour  in  a  silver  crueible  with  caustic  potash  free  from  silica,  and  the 
ignited  mass  is  softcni'il  and  dissolved  by  cold  distilled  water.  The  solution  is  left 
in  a  corked  bottle  for  two  Imnrs  to  clarify;  after  which  the  perfectly  transparent 
oran;i:e-colonrod  liquid  is  Mji.initrd  by  a  siphon,  and  neutralised  with  nitric  acid.  It 
then  d(>])osits  vi-lvrt -black  hi-.-ipiioxide  of  rutlu'niuni,  which,  when  washed,  dried,  and 
ignited  in  an  atmoM[>hiTe  of  h}'dn>g«'n,  fields  the  pure  metal.  (Glaus;  see  also  PiA- 
TiNuxi-ORK,  iv.  081). 

2.  Pulverised  osmiriilium  is  heated  with  3  pts.  peroxide  and  1  pt.  nitrate  of  bazinm; 
the  ma.ss  is  treated  in  the  nmnn^T  di-.serib<ii  under  Iridium  (iii.  315,  No.  6);  and  the 
orange-yellow  solution  of  ruthoniato  of  p(»t:issiuin,  ultimately  obtained  by  fusing  the 
mixture  of  iridium  and  ruthenium  with  nitn?  and  caustic  potash,  and  lixiviating  with 
water,  is  treated  with  carl)onic  or  nitric  acid  till  it  l>ccomes  colourless  ;  it  thend^K>sits 
oxide  of  ruthenium,  sliglitly  contaminated  with  siliea.  This  oxide,  strongly  calcined 
in  a  graphite  crucible,  \i»lds  metallic  ruthenium,  which  is  then  fused  in  the  oxyhy- 
drogrn  furnace  (iv.  313).  The  ruthenium  thus  obtained  still  requires  to  bo  purified 
by  one  or  more  fusions  with  nitre  nnd  jwtash,  till  its  density  is  brought  up  to  11'3. 
(l>eville  nnd  Debray.) 

3.  Scaly  o&miridium.  consiMing  almost  ontirely  of  osmium,  iridium,  and  ruthcninm, 
is  heated  to  bright  redness  in  a  pom-hiin  tube,  through  which  a  current  of  air  (freed 
from  carbonic  acid  by  passing  through  fXitash,  and  from  organic  matter  by  passing 
through  oil  of  vitriol)  is  dra\ni  by  means  of  an  nsj)initor.  The  osmium  and  ruthe- 
ninmarethen-by  oxidisrd,  the  former  beingcarriod  forward  as  tetroxideand  condensed 
in  caustic  pota.sh  fe«ilution,  while  the  oxidr-  of  ruthenium  remains  b<>Iund,  together  with 
iridium;    and  by  fusing  this  residue  vith  hydrate  of  potassium,  and  treating  the 


136  RUTHENroM. 

Sulphydric  add  partly  ])rocipitat(-s  tliv  ruthenium  in  the  form  of  a  black  fnlpliidp. 
but  at  tho  BAme  timtt  reduces  the  trichloride  to  dichUnidc,  the  reduction  beii^ 
attciidctl  with  u  change  of  colour  from  orange-yellow  to  a  fine  aznre-blne :  this  mctioi 
is  extremely  dt-liaite.  and  very  characteriBtie  of  rotheninm.  Zi$te  cfReeta  the  wna§ 
rtiluction.  Sulpkydrata  of  ammonium  throws  down  the  greater  pait  of  the  mthoun^ 
in  the  form  of  a  black-brown  sulphide,  not  perceptibly  soluhle  in  eaccees. — ^The  eamttm 
alkalis^  atkaline  carfMtnateSf  and  phosphate  of  9odtHm  piecipxtate  the  black  seaqmoiid^ 
insoluble  in  excess  of  the  reagent — Borax  forms  no  precipitate  at  first ,  bnt,  on  heidv 
the  solution,  tho  hvdrate<l  seHjuioxide  is  thrown  down. — Svlpkurous  acid,  oxtdk  ivi^ 
nxiH  formate  if  soJium  do  not  nn-oipitute  the  metal,  but  merely  decolorise  the  solntiQa. 
— Ftrrocyunidc  of  jttifaasium  derolurises  the  solution  at  first,  but  afterwards  trans  l 
bluish-greon. — Su/phttrt/anate  of  vf>ta»9htm  produces,  after  awhile,  a  red  eolontiGB 
passing  to  deep  red-pur[.de,  and  chanpng  to  a  fine  Tiolet  on  heating  the  liqnid.  Hoi 
IS  one  of  the  most  rliaract eristic  reactions  of  ruthenium,  inasmuch  aa  soluble  snldMh 
cy:inates  do  not  exliibit  any  yer}*  decided  character  with  the  other  metals  of  the  plati- 
iinm  proup ;  f(»r  its  distinct  production,  however,  it  is  necessair  that  the  solutioo  U 
free  from  other  pbitiuum-metals. — Aotatcof  lead  forms  a  purple-red  precipitate,  in- 
clining to  black. —  Ctfiniid€  if  nvrcury  colours  the  solution  blue,  and  throws  down  & 
blue  jTeeijiitate. — JSitrate  (f  Hirer  forms  a  black  pn*cipitate,  which  is  a  mixture  of 
chloride  oifiiilver  and  se.squioxide  of  ruthenium  ;  tho  oxide  dissolves,  after  a  while,  in 
tho  nitric  acid,  Iravini;  a  whitf  rvhidue  of  chloride  of  silver;  and  if  ammonia  be  thn 
ad(le<l  in  exoes".  the  chloriJe  of  silver  di^-sulvea,  and  the  scsquioxide  of  ruthenium  ii 
rtpreeipitated  :  this  is  also  a  very  delicate  n^actiuu. — The  cMoridis  of  potnssivm  andiia- 
^ntmiuHi  tliruw  down,  t'nim  riineentnited  solutions,  crystalline  precipitates  of  double 
chlorides,  exhiliitin^  a  |.l:iy  of  c«.>lourH  inclining  to  violet — The  nitrilt-s  of  tkr.  albdi- 
vifftifa  ftirm  witli  rurhenioiis  solutions,  double s:i]ts  [3MN0'.Ru"(NO*)"],  which diaa>lT« 
readily  in  exeesN  of  the  alkaline  nitrite,  forming  solutions,  which,  when  treated  with 
a  small  (juautity  of  yellow  !:>ul[)liide  of  ammonium,  assume  a  splendid  dark-KHl  coloor, 
chanpin;,'  to  brown  without  ]ireei{>ita1ion  of  sulphide.  This  reaction  is  recommendei 
by  Oibbs  and  by  Clans  (Jahresb.  18G3,  p.  697)  for  tho  detection  of  nitrites. 

The  solution  of  chlororutheniate  of  potassium,  2KCl.RnCl*,  exhibits  the 
following  reactions : — With  j^rfpht/ifric  (la'd,  no  reaction  at  first ;  but  after  a  while,  or  m 
lieating,  a  brown  precipitate  of  disulphide,  KuS'.  a  considerable  quantity  of  rutheninn, 
hriwever,  remaining  in  solution. — Yellow  tidphydrate.  of  ammoniitm  immediately 
throws  down  part  «>f  the  ruthenium,  in  tho  form  of  a  brown-yellow  sulphide;  the 
reaction  in  completi'  on  the  udditir)n  of  an  acid. — Potatih  and  alkaline  carbonat€»  team 
no  preeijiitfito  in  the  cold;  a  deposition  of  oxido  takes  place  on  heating  the  liquid,  bat 
a  consideral'le  pnrticn  still  n -mains  (lissolvoil. — Nitrate  ofsili'cr  forma  a  roso-oolonnd, 
niereurous  hi/mtc^  a  li|;ht-yellnw,  and  sfaumnui  chloride  a  yellow  pnvipitate. 

The  coniponnds  of  ruthenium  may  n-atlily  !>•■  distinguisned  from  those  of  the  oth« 
phitinum-metuK  by  fusiuL'  a  few  niilii^'rammi'M  of  the  f<ubstance  in  a  phitinum-spoos, 
with  a  lai^e  excess  of  nitre,  leaving  it  to  cool  when  it  ceases  to  froth,  and  disisolvf ng the 
cooled  masjt  in  a  little  dist  illed  water.  An  orange-yellow  solution  of  potassic  rutbeniste 
is  thus  fiinne<l,  which,  on  a<lditi(in  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky 
black  precipitate ;  and  on  ailding  liyditK'hloric  acid  to  the  liquid,  with  the  precipitate 
still  in  it,  and  heating  it  in  a  fvjn'flain  enicible,  the  oxitlo  dissolves,  forming  a  solution 
which  has  a  tine  oninge  yellow  when  coneentrated,  and  when  treated  with  Hulphydrie 
arid  till  it  becomes  nearly  black,  yields  a  filtrate  of  a  splendid  sky-blue  colour. 
(Characteristic  reactions  ari-  also  obtained  with  sulphocyanato  of  potassium  and  acetate 
of  lead. 

Metallic  ruthenium  may  be  distinguished  from  the  other  platinum-metals  by  mixing 
it  with  common  salt,  and  i;;niting  the  mixture  in  a  current  of  chlorine.  Tho  resulting 
black  mass  liissolves  in  water,  with  a  fine  orange-yellow  colour,  which  of  itself  is  suffi- 
cient to  distinguif^h  nitheniura  from  rhoflium  and  iridium  (the  former  of  which  yields 
under  similar  cireumstanccs  a  rose-coloun-d,  and  the  latter  a  bhick- brown  solution).  It 
may  be  further  distinguis-hi-d  by  thi*  black  precipitate  which  it  yields  with  ammoni% 
and  by  the  reactions  with  bulphydric  acid,  &c.,  al k^vo  mentioned. 

E»timatiun  atid  Stj-mratiou. — Kuthenium  is  prccipitiited  from  its  solutions  in  the 
form  of  oxide,  and  geneniUy  as  sesquioxido,  viz.,  from  a  srdution  of  the  sesqui chloride^ 
either  by  alkalis  or  bj  simiily  heating  the  solution,  and  from  a  solution  of  rutheniate 
of  ix>ta>sium  by  nitric  acid.  The  precipitated  oxide  is  reduct'd  to  the  metallic  state  by 
ignition  in  an  atmosphere  of  hydn.gen.  As,  however,  the  precipitate  generally  contains 
alkali,  which  cannot  l«e  removed  by  washing,  the  reiluct-d  mass  must  bo  tn>ated  with 
water;  the  liquid  filtered  from  the  ruthenium ;  and  the  metal,  before  weighing,  must 
bo  again  ignitetl,  and  hft  to  cool  in  an  atmosphere  of  hydrogen,  as  it  oxidises  when 
hratfd  in  the  air. 
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etrontrly  Iipatptl  in  an  atmosphere  of  carbonic  anhydride,  it  ffwem  off  iti  water,  and 

Int-'oijifs  iii-jIi)blo  in  uoidrt. 

T\i*'  i/  insif/*  or  ruth*  n  ic  ox  i  J  e,  KuO',  is  formf'd  by  roasting  the  disiilphide,  or  Ij 
fitroijgly  iiiuitin;:  nitlu-nic  bulpltatf,  HuS*0'  or  KuO'.2SO'.  The  former  method 
y\*-\dii  a,  Ijlac-k-bliio  {lOwdiT  vith  a  tinp>  uf  green ;  the  latter,  fgrej  particlea  witk 
metallic  liistrt',  aii'l  blui>li  or  jrn'iiii>li  iriili^scc-ntv. 

Till-  hi/draf',  KuH'O*  =  KuO'.^lI'O,  is  obtainHl  as  a  gelatinoQS  precipitate,  hj 
dfi'<ini|i'K'inK  chloronitliciiiati.'  of  p(>tHb»<iuin  with  carbonate  of  aodiam,  or  rutheziie 
8uI]»liHi4'  with  rauMie  jK^tiuili  or  N)da  ;  in  th«-  latti-r  caiie,  however,  the  solution  miut  bs 
eva}i«iratffl,  ut  it  ntains  u  cunsiJerublc*  quantity  of  the  hydrate.  Ruthenic  hydiatf, 
wlii-n  (I Hid  ami  iieutt^il  in  a  |ilatiMuni  tfjKjiin,  dediigmtcs  with  vivid  incandevcencf,  and 
iH  bcatten-d  al^jut.  It  lii.-siAvr.s  in  aoids,  forming  vellow  solutions.  The  Bolution  ia 
hydrtii-ldoric  acid  turns  ml  when  cvapunitiMl,  and  ultimately  leaves  red-brown  ruthcnis 
chloridi'.     Thf  hvilnto  di.-MjJvcs  also  wilh  lifilit-yt.'Uow  colour  in  alkalis. 

Th«-  f  rioxit/t.  Uniy*,  i-ommonly  call«'d  rvthtuic  acid^  \»  known  only  in  the  form  of  a 
fiTitafiyiuni-Halt,  v^liii-h  is  clitaincd  by  i:;niting  ruthenium  with  a  miztvire  of  potash  ud 
nitrato  or  rhloraio  of  i>otiui>iuni.  It  dibMtlves  in  water,  forming  an  orange-yelbw 
Bijlut  ion,  which  has  an  ui'trin^int  taste,  cdours  onranic  substances  black  by  ooatijig 
them  with  oxid<\  and  is  decom^io^ed  by  acidsf,  yii-lding  a  precipitate  of  the  sesqni- 
oxido. 

Tftro .r i tl r  of  U nth*' n i n m,  KuO*.  linthmic  tctroxidf.  Perrutkenie acid.  Bwtken- 
hyitrrmurr. — This  volatib;  oxidn,  analogous  to  osmic  tetruzide,  is  obtained  by  heatiag 
to  dull  n^dncsM,  in  a  HJlvtr  cniciMi\  a  mixture  of  3  grammes  of  ruthenium  with  24  gma 
caustic  potuHh  and  8  gmis.  nitn*.  di»HoIving  the  fused  mass  in  48  grms.  of  water, 
intnjducing  the  solution  into  a  tubuhittnl  retort  connected  by  a  long  condensing  tabe 
with  a  thmk  contjiinin^  cau.stiir  iNita>h,  and  passing  chlorine  into  the  liquid.  The 
liquid  bfcorncs  hot,  and  tlio  ti-tnjxidt*  ]>ji!>fi>i^s  over,  condensing  in  the  neck  of  the  retoit 
and  the  tuln*.  as  a  golden-yellow  crystalliut.'  crust,  which  melts  between  5U^  and  60°. 
I'art  of  it,  howiver,  rt-mains  in  th<-  lii{uid.  and  m;iy  Ix*  senarateil  by  distillation.  To 
purity  it.  from  ailhcriiig  water  and  ciilorine,  it  is  melted  in  a  tube  under  a  layer  of 
w>it«T ;  it  then  cryj'talliHes  on  coaling,  and  may  be  pressed  between  paper. 

Hutlienic  tetruxide  is  a  golden-yellow,  crA'stallino  mass,  in  which  rhomboidil 
prisms  may  be  dihtinjruished.  It  is  luavier  than  sulphuric  acid,  very  volatile, 
vajiorihing  even  at  ordinary  temin-nitur*  s,  and  emitting  an  odour  like  that  of  nitnni 
acid;  niehs  at /)8",  fonninga  j-ellowliquiil,  whi»?h  boils  at  about  100®.  It  dissolTtf 
Kjiaringly  in  water,  the  .solution  remaining  unaltered  in  tho  dark,  but  decomposing 
rapidly  evrn  in  diffused  «layli;:lit.  It  dissolves  in  hydrochloric  acid,  without  losing  its 
ehiinictcri^tie  odour,  and  on  addini^  alcohol  to  tho  solution,  trichloride  of  mtheniiim 
is  toriiifd.  Sulpl]un)n>«  acid  t-olours  the  solutiitn  uf  nithrnic  tetroxide  red-pnrple, 
changing  to  vioh't-l»luf  wln-n  heatrd.  Sulplivdrie  acid  tlirows  down  a  binck  prtciw- 
tat  I*  of  oxysuli>hidi-.  Th»-  dry  oxid*-  nioist«  ni  d  villi  Btn:>Dg  })Ot;u«h,  becomes  hot, 
melts,  and  volatiliM's  in  gn-at  part,  tin*  rest  ^idually  dissolving  as  mtheniate  d 
]iOtasbiuui.    (C  laus,  J.  pr.  Clu-m.  Ixxix.  28;  J:ilir<db.  1859,  p.  260.) 

RUTBSirznilS,  SUXPBXBES  of.     Sulj-hydric  acid,  passfrd  into  a  solotion  of 

eitlnr  of  the  chlorides  of  rutin  niimi,  usually  fornix  a  iin-oipitate  consisting  of  sulphide 
and  ox\-hulphidi>  of  rutln'niuni  mixctl  witli  frt-e  sulphur.  The  blue  solution  of  the 
pn^toi-hloriih'  yiehls  a  dark-brown  seMjuisulphide,  Ku-S'.  When  sulphydric  acid  gas  is 
])asHrd  lor  a  long  time  into  a  ^oliitir>n  of  the  triehloridt*,  dinuljihide  of  ruthenium  KuS*, 
is  fonneil,  as  a  brown-yellow  preoipilati-,  btooming  dark-brown  by  calcination, 

RVTBSXrzirM-COIICPOUirBS,  AMMOSTXACAXh    a.  Di-aMmonMcaK—Tlx 

oxitle,  Uu<).2NlI',  is  obtained  bv  evnixiratiny:  a  M>lution  of  the  tetrdmrooniacal  oxide, 
KuO.-lNll',  in  a  dry  vacuum,  as  a  yellowisli-bniwn  sj>ongy  mass,  formed  of  small, 
vcrj*  deliquescent,  crystalline  laniinje,  eontaiuing  5  at.  water.  AVhen  placed  on  ihs 
ton^iue,  it  ixerts  a  caustic  action,  strongtr  even  th»u  that  of  pota^«h.  Its  salts 
re.semblo  those  of  the  following  series,  excepting  that  they  are  of  a  darker  colour: 

/3.  Tttranunftviocal. — The  chloride,  RuCP.4NH'.3lI*(),  is  obtained  by  dissolving 
1  pt.  of  ehlororutheniate  of  ammonium,  2N}PCl.I{uCl*,  in  16  pts.  of  water,  boiling  the 
solution  for  an  hour  with  .'30  pts.  of  caustic  ammonia  and  1  pt.  of  ammonium- 
carlionat«>,  eTa{Kiniting  to  dryni'ss  over  the  water-bath,  digesting  the  pulverised 
crvFtnlline  mans  with  1  pt.  of  water,  and  washing  it  on  a  filter  with  weak  alcohol,  till 
tin-  fnc  sal-ammoniac  is  completely  dissolved.  Tho  salt  when  dry  is  dissolvvd  in 
4  ]>ts.  of  liot  water  containing  a  little  carbonate  of  ammonium  ;  and  the  solution,  filtered 
while  still  hot,  deposits  the  salt  on  cooling  in  beautiful  golden-yelluw,  oblique  rhom- 
bic crystals,  which  are  nt)t  xory  s<»lublc  in  cold  water,  and  quite  insoluble  in  alcohoL 
The  crystals  retain  their  water  till  they  arc  heated  to  a  temperature  at  which  thej 
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larfro  quantity  of  yi'llowi eh- white  flocks,  which  are  collected,  dried,  mud  dtfltolred  in 
boiling  ulcohol,  whoivby  n  g(*latiiiouH  substance  in  loit  undiasolTed.  The  alcohc^ 
Bolution  is  iiiixoil  witli  wati-r,  and  the  alcohol  in  diHtillcd  oflf;  the  residue  then  solidifin 
on  cooling,  from  crystallisation  of  rutin.  The  crystals  are  pozifiod  by  pressiiig  and 
recrystallifiation  from  boiling  watpr  (Rochleder  and  Hlaaiwets).  Zwenger  and 
Dronkc  add  to  the  solution  in  hot  water  a  f<'w  drops  of  solution  of  neutral  acetate  of 
load  (too  much  would  prt>cipitatc  a  compound  of  rutin  and  lead-oxide),  and  free  the 
filtrato  from  lead  by  means  of  sulphydric  add. 

3.  Fn>m  Waifa. — The  coanM>ly-bruised  waifa  is  repeatedly' boiled  with  aloobol  of 
80  per  cent.,  and  the  greater  p;iil  of  tlw  alcohol  is  distilled  on,  whereupon  the  midw 
thickonM  tu  a  pulp  of  impun^  rutin,  amounting  to  11  wr  cent,  of  the  waifa  employed. 
It  is  cr^'stalliKcd  n'))(^ite«l]y  from  lioiling  wiiter,  and  afterwards  washed  with  cold  water 
(Stein).  To  ]>urify  tlio  rutin,  hydrate  of  lead  is  addi-d  to  the  boiling  alcoholic  sc^n- 
tion,  HO  long  as  it  \^  coloured  brown  ;  the  solution  is  filtered ;  and  the  rutin  is  throva 
down  from  the  filtrate  by  an  additional  quantity  of  lead-hvdrate.  The  latter  pun 
yellow  precipitate  iH  <U»conipose<l  by  alcoholic  sulph^'dric  acid,  and  the  filtrate  is  fnt 
from  suljihide  uf  lead,  and  cva]K>mted  to  crystallisation.    (Stein.) 

Projtertit  9. — Kutincrystallisi'H  from  its  aqueouf*  solution  in  pale  yellow-delicate  needing 
probably  ha\-infr  the  com|x>sition  aC^H^O '*..'> HK).  It  has  a  slightly  styptic,  sitervaids 
saline  taste.  Tho  crj-etaln,  heated  to  100^,  give  off  from  1*61  to  2*1 2  water,  and 
b»avo  a  hydrate  containing  C'"H*"0'*.2lI-0  (nuau  of  analyses,  4951  C,  6-47  H,  A5V2  0; 
cale.  4906  C,  0  2\)  H,  450.)  O),  which,  at  \oO'^  to  ICO",  gives  off ita  2  at.  water (5*63 
— 6'02  per  cent.),  an«l  leaves  anh}dn»UM  nitin,  C''*H**U'*,  containing  62'66  C,  6-02  H, 
42-32  ()  (ealo.  .V2-81  V,  4-93  H,  4227  O).     (Zwenger  and  Dronke.) 

Hutin  is  nearly  iuHoIuble  in  cold  but  (liHs<jlveH  easiivin  boiling  water,  forming  a  pale* 
yellow  Nolution.  which  iH  deci^li^rise*!  by  acids,  and  quickly  dcix>sits  the  rutin  on  coolii^ 
It  di^rtolves  slightly  in  c(ild  absolute  alcdhol,  freely  in  boiling  alcohol  of  76  per  cent, 
and  cryHtalliseH  thm'from  only  on  concent  ration  and  addition  of  watf;r.  It  is  insoluble 
in  U}\\infi  ffhtr.  It  dissolves  fr«»l\'  in  h<.t  actiic  acU^  and  is  partially  di-posited  on 
moling.  Hy  (liu:estion  with  modcntlely  dilute  mineral  acids,  it  acquires  a  lenion-rellov 
coloiir,  and  is  renilered  pahr  again  by  w*ati>r ;  wh«'n  lieate«l  with  acida,  it  dissolves  and 
suffers  d^roni pi »si t  ion  ( infra ).     J t  abs* )rl <s  hifHn •chloric  acid  (fas.     (S t #» i  n. ) 

Uutin  dissfMves easily  in  alkniii<  and  alkuliui  cnrfHmoUs — alt>o  in  baryta-,  ttrontia',Mni 
iimc-V'iit'r,  fonning  yellow  t^olutidUH,  which  dejiohit  the  rutin  unaltered  on  addition  of 
acids,  and  turn  brown  in  the  air  fnmi  al'Morption  of  oxygon.  According  to  Stein,  it  de- 
eoniiM)seH  (Y/W/(/wa^'  v/tsif/in/n  i\\H\J\rrfH''/anii/*  of  jt^ftattsiinn.  It  is  coloured  dark-grveo 
hy/trric  chloridf^  lirown-n-d  to  gn-enifli  hy /(rroim  c/n'orid^^.  Acetate  oflr/td,  added  to 
nn  alcoholic  solution  of  rutin,  or  in  excels  to  aqueous  rutin,  forms  a  yellow  precipitate 
containing  C»il"0'*.2Pb"e).     (ilornt  riiper  ;  Kochlcder  and  lUasiwetx.) 

Jkcomymtions. — 1.  liutin,  after  dehydration  at  160°,  cakes  together  at  190^,  and 
then  melts  to  a  yellow  viwiil  liquid,  which,  on  cooling,  solidifies  to  an  amorphons 
mass,  and  takes  up  water  when  immersed  in  it.  When  more  strongly  heated  it  ii 
carlK>nised,  emitting  an  oclour  of  o:iraniel.  and  yielding  a  diMillato  containing  queNetxn 
(Zwenger  an<l  Dronki*).  Eutin,  nultt-d  at  180  ,  forms  a  yellow  viscid  hquid  on 
co«jling,  and  partly  crystallises ;  at  220  •  a  yellow  sublimate  is  produced  (Bo  r  u  t  riiger). 
Over  a  bath  of  oil  of  vitriol,  rutin  becomes  colounnl  at  100°,  melts  at  120^,  givicg 
off  gas-buhbles,  bt^iU  at  200°,  and  is  ilecomiH)S(  d  at  290°,  yielding  products  of  distil- 
lation.    Tho  water  evolved  at  200^  over  the  oil-bath  contains  formic  acid  :  a  solution. 


brown  (Stein). — 3.  Kutin  forms  with  oil  of  vitriol  a  brown-yellow  (olive-green, 
according  toRochleder  and  Ilhisiwetz),  afterwanls  }»r<jwn-retl  solution,  without  libera- 
tion of  sulphurous  acid  ;  water  throws  down  from  the  solution,  after  an  hour,  olive- 
groen  flocks,  after  twelve  hours  a  violet  precipitate  ;  and  the  supernatant  liquid,  when 

evaporated  and  freeil  from  sulphuric  acid,  yields  easily  sol uUe  crystals  (Stein). 

4.  When  boiled  with  dilute  7ni)ieral  acid/t,  rutin  splits  up  into  sugar  (Stein)  and 
quercetin  (H  la  si  wet  z).  The  decomposition  takes  place  with  pccidiar  rapidity  in  an 
alcoholic  solution ;  it  is  alpo  effected  by  formic  acid,  especially  at  a  temperature  of, 
110°.  When  rutin  is  dissolvetl  in  boiling  acetic  acid  of  60  per  cent.,  and  again  czrstal- 
lise<l,  tho  amount  of  carbon  in  the  crystals  (dried  at  120°)  is  increased  to  51*8  or  62 
percent. ;  it  now  replaces  copixir  solutions,  and  lias,  therefore,  been  partly  conrerted 
into  quercetin  (Stein).  Tlie  decomposition  is  not  effocted  by  emulsin  (Zwenger  and 
Dronke).  From  100  parts  of  rutin,  dried  at  100°,  39*24  to  43*26  parta  (mean  41*9) 
of  quercetin  were  obtained,  corresponding  with  the  equation, 

C«H"0'*  +   3H=0     -     C'«H"»0«  +   2C!«H"0«. 
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Calculation,  48*37  per  cent,  qnercetin  (Zwenger  and  Dr onke).  Hlasi wetz  (Wien, 
Akad.  Bcr.  17,  400)  obtains  58*03  per  cent  qnercetin  and  44*5  percent,  sugar. 

6.  Rntin,  treated  in  aqneous  or  alcoholic  solution  with  sodium-amalgam^  is  converted 
into  paracarthamin.     (Stein,  iv.  341.) 

6.  It  reduces  nitrate  of  silver  and  trichloride  of  pdd^  not  cnprate  of  potassium. 
With  water  and  nlxfer-oxide^  it  forms  a  dark-red  liquid,  which  leaTes,  on  evaporation, 
a  brown  amorphous  residue.    (Stein.) 

Syn.  with  Rurnr. 

This  sugar,  isomeric  with  glucose,  is  produced,  together  with 
quercetin,  by  boiling  rutin  with  dilute  sulphuric  acid,  and,  after  removing  the  qnercetin 
and  sulphnnc  acid,  may  be  obtained,  by  evaporation,  solution  in  alcohol,  and  precipi- 
tation with  ether,  as  a  colourless,  uncrystallisable  syrup.  It  does  not  act  on  polarised 
light;  reduces  cnprate  of  potassium  in  the  cold;  yields  with  boiling  nitric  acid,  oxalic 
but  no  picric  acid ;  and  is  not  fermentable. 

MJrm»m  Syn.  with  Capryl^  CH'*0,  the  radicle  of  rutic  or  capric  acid.  It  ia 
also  applied,  but  incorrectly,  to  the  alcohol-radicle  C'*H",  properly  called  Decyl,  (See 
Appendix.) 

RUTTUnrB.  C^'H'*.  (A.  Bauer,  Ann.  Ch.  Fharm.  cxxxv.  344 ;  Bull.  Soe. 
Chim.  1865,  ii.  265.) — A  hydrocarbon  polymeric  with  acetylene,  and  perhaps  identical 
with  menthene,  produced  by  the  action  of  alcoholic  potash  on  tribromide  of  diamylene, 
C'^H^Br*.  It  IS  related  to  diamylene  and  rutyl  (C'*H**0),  in  the  same  manner  as 
valeryleno,  0*H",  is  related  to  amylene  and  valeryl,  and  to  campholic  acid,  C'^H'^O*,  in 
the  same  manner  as  crotonylene,  C*H*,  to  crotonic'acid,  C*H*0*. 

Rutylene  is  a  colourless  liquid,  lighter  than  water,  and  having  an  agreeable  odour, 
somewluit  like  that  of  turpentine-on.  Boils  at  about  150^.  Vapour^ensity,  obs.  a 
4*843 ;  calc.  4*778.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  ether.  Bromine 
attacks  it  strongly,  with  formation  of  hydrobromic  acid  and  separation  of  charcoal.  If, 
however,  rise  of  temperature  be  prevented,  dibromide  of  rutylene,  C'H^Br*,  is 
formed.  This  is  a  very  unstable  compound,  which  decomposes  even  at  ordinary  tem* 
peratures,  and  acts  strongly  on  acetate  of  silver  and  on  alcoholic  potash,  probably 
forming,  in  both  cases,  the  hydrocarbon  C"H**. 

XTACO&XTBy  or  Rhyacolite  (from  f>^,  a  lava-stream).  A  mineral  from 
Vesuvius,  having  the  crystallisation  of  felspar,  and  resembling  the  glassy  variety. 
(Dana,  ii  245.) 

STB.  See  Cbbkals  (i  823). — Ergot  of  Rye  {Claviceps purpurea,  T.)  contains, 
according  to  Neidhardt  (N.  Jahrb.  Fharm.  xviii.  193  ;  Jahresb.  1862,  p.  516),  3106 
per  cent,  fat  oil,  2*69  resin,  1*3  red  colouring  matter,  0*8  mannitc  [mycoso,  according  to 
Mitscherlich  and  Berthelot,  iii.  1068],  and  3*9  osmazome,  together  with  phos- 
phates, a  volatile  base  (trimethylamine),  gum,  and  fungin  (cellulose  with  red  colouring 
matter).     The  ergotine  of  Wiggers  (ii.  499)  is  regarded  by  Neidhardt  as  resin. 

Ergot  may  be  detected  in  rye- flour  by  first  boiling  the  flour  twice  with  alcohol,  to 
remove  fatty  and  resinous  matters,  then  treating  the  expressed  residue  with  alcohol, 
and  addins  from  10  to  20  drops  of  dilute  sulphuric  acid.  If  the  rye-flour  is  free  from. 
ergot,  the  liquid  remains  colourless,  or  exhibits  only  a  faint  yellowish  tinge;  in  the 
contrary  case,  it  acquires  a  red  colour,  more  or  less  deep,  according  to  the  quantity  of 
ergot  present.  (Jacoby,  Anal  Zeitschr.  iii.  509;  BulL  Soc.  Chim.  1866,  i.  267.  See 
al^  Handworterb,  de  Chem,  vii.  730.) 


s. 

The  seeds  of  Veratrum  SahadUla  (Retz),  or  Veratmm 
officinale  (Schl.),  a  colchiaceous  plant  indigenous  in  Mexico,  contain,  according  to 
Couerbe  (Ann.  Ch.  Phys.  [21  Iii.  352),  two  organic  bases,  veratrine  and  sabadilline, 
and  two  acids,  sabadiUic  or  cevadic  acid  (i.  843),  and  veratric  acid,  together  with  helonin 
or  veratrum-resin. 

Sabadilline,  C^WNH)*,  according  to  Couerbe,  is  extracted  by  exhausting  the 
pulverised  seeds  with  alcohol  of  specific  gravity  0*846,  treating  the  residue  left  on  dis- 
tilling off  the  idcohol  witJi  dilute  sulphuric  acid,  decolorising  the  liquid  with  animal 
duurcoal,  and  addins  caustic  potash,  which  precipitates  sabadilline,  hydrosabadilline, 
and  veratrine,  together  with  two  non-bane  gubstaDces.    This  precipitate  is  diesolved  in 
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dilute  ralphuric  acid,  and  the  solution  is  nixpd  with  nitric  add  as  long  as  a  Uack 
pitchy  procipitato  w  produced.  The  liquid  filtered  therefrom  is  precipitattid  by  cautic 
pfManh  :  the  procipitatt'  is  waRhr*d,  dried,  and  diwtolTed  in  absolute  alcohol;  and  the 
niaNM  remninin^;  after  eviiptimtion  of  the  alcohol  is  boiled  with  water,  which  takes  ap 
saliudilline  and  hydrowilMulilline.  The  former  se]iamtes  on  cooling  in  stellate  gronpf 
of  iip}mn'utly  cubic  crj'stalsi,  which  have  a  faint  njee  colour*  but  may  be  rendcnd 
crjlourliss  l»y  rforyr<t:i]lisation. 

Snljaililliu')  has* an  cxtn'mcly  acrid  taste:  it  begins  to  melt  at  200^,  and  dccompoaet 
at  lii^htT  ti>ni]icrHture.M,  i-niittin^  fumt'H,  and  h-aring  a  bulky  cinder.  It  is  mudtfrat«{y 
Fulublo  in  hot  vattT.  tht*  Nf)Iutii>n  haTinp  a  dintinct  alkaline  reaction,  freely  solnUe  ia 
alcohol.  insolul>lc  in  ethi-r.  It  is  deci^mpueed  by  strung  mineral  adds,  bot  fbnu 
cryst;illi!!<abh-  KiUtit  with  dilute  pulphuric  and  niiric  acids. 

Aoronlinc:  to  Simon  d' >tr^.  Ann.  xliii.  403),  Ha1»adillino  is  not  a  definite  substance 
but  a  mixture  of  n'siii,  alkali,  and  vi*nitriue,  the  latter  being  precipitated  by  ammonis 
from  the  solution  of  the  ho-iralli-d  salmdilline  in  sulphuric  acid.  Accordinx^  to 
lliibHchmann,  on  thi.'  otln-r  hand  (37/7/ //<•//»/ m/c;*  tfcs  Si'kvTicrr  Apofhekert^miv^ 
Dand  til.  Ilrft  1),  Kibadilline  is  a  dt'finite  cumpound,  and  is  difrtingui>ihed  froai 
TtT.it rini'  by  nut  exoitinj:  frm-i'/injr.  by  its  ins4>lubility  in  ether,  and  by  not  being  pre- 
ci[)itatcd  by  aniniunia  from  its  fK)lution  in  sulphuric  acid. 

HtfdrosafrtitiiUine  or  *S// haJilUi  g u ,ii  -rn'i/i,  C-"  H  -"N -( )*,  d i iTeriug  f rum  sabadill ine  by 
thi'  elt-ments  of  1  at.  wnti-r,  is  eontain(-<l.  aci'unling  toCouerbe,  in  the  aqueous  motb«r- 
licjuor  of  the  latter,  nnil  H-itarati-s  on  cvui/oratiun  in  oily  drops,  which  sulJdify  to  a 
ritlilish  rt'sinous  ninsfl.  It  nult^at  1(15^,  is  very  sohible  in  alcohol,  nearly  insoluble  in 
ethiT,  had  an  alkaline  reaction,  and  unities  with  acidf,  but  does  not  furm  crystallisabli 
sultd. 

8A.CCBASAMZD1I.    C'lIxO"  «  (C'Jl'O'/'    vr   (Ueintz,  Pogg.  Ann.  cri.  93; 

ll«         J  - 

Jahresb.  IR^O,  p.  29'\'^ — This  compound  separati'3  as  a  white  precipitate  when  diy 
ammonia-pH  is  pa^Hfd  into  un  etln-real  solution  of  ithylic  saccharato  (p.  143).  It  may 
hv  crystalliMMl  from  warm  water,  but  is  i*onvertcd  by  l>uiling  with  water  into  saccfaa- 
rate  of  ammonium,  and  i.s  (luickly  dicom^iosed  l>y  acids  into  ammonia  and  saccharic  acid. 

IP 

c«n"0«  -  (c*ii'o=)'« 
11- 


0*. —  An  acidy    isomeric  with 


mucic  acid,  producj'd  by  the  action  of  nitric  aci<l  on  cnne-su^r,  glucose,  milk-sugar,  and 
nwiiinito.  It  was  first  obsorvi'd  by  Selieile  {(fjnt/tcula,  li.  203),  who  mistook  it  for 
malic  ueid,  and  it  has  bi-.-n  studied  by  (j  uerin-Varry  (Ann.  Ch.  Pliys.  [2],  xlix.  280; 
lii,  3IH;  Ixv.  332).  Krdmann  (Ann.  Ch.  Pliarm.  xxi.  1).  Hess  (//*irf.  xxtI  1; 
XXX.  402),  Thaulow  (//W.  xxvii.  113),  Lii  bi^r  {ihid.  xxx.  313;  cxiii.  1;  Jahnsh 
IH.'iO,  p.  261),  and  Ileintz  (l*opg.  Ann.  Ixi.  315;  cv.  211;  cvi.  93;  cxi.  265,291; 
Jahresb.  1858,  p.  251 ;  18.)9,  p.  2U();  1S60,  p.  259).  Sec  also  Gm.  xi.  613;  G«rh.  ii. 
145  :  Kekule  8  I^hrbmh,  ii.  238. 

JVfparoti'nn. — 1.  One  part  of  cane-sugar  is  warmed  with  3  pts.  nitric  acid,  of  speafifl 
gravity  1*25  to  1*30,  till  a  reaction  is  set  up  :  tliu  vrssrl  is  then  removed  from  the 
fire ;  and  after  the  fintt  brisk  action  is  uvit,  and  the  liquid  has  cooled  to  60^,  it  ii 
kept  at  that  temperature  over  aniodemte  iiri'  as  lon«;  as  reti  fumes  continue  to  escape. 
It  is  then  dilutt^  with  half  its  bulk  of  water,  and  divirh'il  into  two  parts,  one  of  which 
is  saturated  with  carl)onate  of  imtas.NJnm,  and  then  mixed  with  the  other;  or  the  entire 
li(|niil  may  be  mutnLliseil  with  the  alkaline  carbonate,  and  thf>n  tn^ateil  with  excesii  of 
ne< 


Fact 

ad 

may  \}0  prepared  instf-nd  of  the  ]>otassium-Kalt.     (Licbig.) 

2.  When  1  pt.  of  milk-Kupir  is  oxidi.sed  with  2 A  pts.  nitric  acid  of  specific  gravity 
1*32,  diluted  with  2 J  pts.  water,  mueic  acid  (about  33  per  cent.)  is  first  formed  and 
separates  out ;  and  the  liquid  li]tere<l  tlien-frum,  consi.sting  chiefly  of  a  solution  of 
Biiccharic  acid,  may  be  concentrated  at  a  gi-ntle  heat  to  about  one-third,  and 
neutntbM'd  with  cai'bonnte  of  |iotas(>ium. 

Prec  saceharic  acid  is  best  pri>])ared  from  the  cadmium-salt.  The  acid  Bacchants 
of  potas.sium  or  ammonium  is  disMilved  in  boiling  wati>r;  the  solution,  neutralised  with 
potash  or  ammonia,  is  mix^l  at  the  boiling  heat  with  the  solution  of  acodmic  salt,  and 
boiled  for  some  time,  and  the  cadmic  saccharate  thereby  precipitated  is  decomposi'd  by 
sulphydric  acid.     (  H  e  i  n  t  z. ) 

Properties. — .Sjiccharic  acid  is  not  crj-stallisable,  but  if  riso  of  tempt>rnture  has  been 
avoided  during  its  preparation,  it  may  be  obtained  in  the  form  of  a  colourleas  brittle 
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Fjhi;l-Mnrrhnric  arid,  C**!!*- ivH'/J*.  has  not  yel  been  obtained;  bnt  Vy  paniiig 
hv>!r</<::.l"r>^  n^i'l  y^'is  ir.t<^  ai«oIuT**  a!cv/h'jl  in  vhich  add  nccharate  of  potassium  was 
hu-;'r.ii"I.  H>i:ifz  ol  taiL-il  a  cn"aII:^Mr  compound,  CH^(CH*)0*,  oontaining  1  at. 
w4*'.-r  l*'«ki  ti.aii  •  *.hj;l-'!JiC'Lhahc  a^.id — jr^bablv  the  ethjlie  ether  of  tl&e  fizst  anhjdnle 


of  baccLaric  acid :  thus  — 


PT.iL  xiviii.  lit6J 


Ai.hjdride.  Etber. 


C'll-O'. — A  comrnnnd  prolaced,  according  to  Gelis  (CompL 
Jahr^'*>^.  JSol^,  p.  o47i,  by  h-ating  canosogar  for  some  timt  to 


C 

ot 

as  au  f<\Mal  quantity  *ji  irluot.-  or  iurirt-d  f-usar.  liy  the  action  of  dilute  acids,  hov- 
eri-r.  it  is  r»-nilHrcd  whully  fermtrntiiU*',  and  then  U-haTirfl  towarda  reducing  agents  likf 
oniinan*  trIiif:o*fe. 


B**rth*.-lut  apphVs  this  tenn  to  compounds  formed  Ijj  hettisg 
d>xir<>L'!u<><^'>('.  anil  other  VwAn  of  t»u;::ir,  with  organic  acids.  The  formation  of  tbne 
c^inipouiid.s  is  atrr'ndf«l  with  eliminatinn  of  watir.  and  they  are  capable  of  breaking  up 
again,  hy  assimilation  of  watir.  iutn  the  original  acid  and  carbohydrate:  €.g. — 


2C'HV»»  + 

C  H'=0«  - 

zwo 

^ 

C'«H«0'. 

Butyric  rtciil. 

Glu.-o>e. 

Dibiityro- 
gliirtMe. 

COH'O'    + 

C*H'=()«  - 

7n«o 

a 

C>'H*-0'». 

Acfiic  acid. 

Glucoft«. 

Hrxacfto. 

ffllKXkW. 

4C*II«0«    + 

C'll'-O*    - 

6H=0 

SB 

c«n»o». 

Tartaric  acid. 

Glucoie. 

Glucoao.teira- 
tartaric  acid. 

Tho  siiccharidfs  are  suMivid.'d  into  glucosidr-s.  or  those  produced  from  deztio- 
plucojio;  If'VulosiiU'F,  from  hi'Vo-glucjsr ;  galactosides,  from  lactose  or  milk- 
8u;rar;  and  inosidrs,  fprini  intj>it<^.  Tht:*  naturally  occurring  bittor  principles,  which 
an-  resolvalili;  l>y  l.'oilin;;  with  dilute  acids  into  an  organic  acid  and  glucose,  but 
}iav<*  not  brn-n  jin'i»iind  artificially,  are  analogous  in  composition  to  Bcrtheloti 
Harrcliaridi's.  lH'rtlu.*lot  likrwist-  includt  s  undt-r  saccharides  the  compounds  formed  ly 
til*'  artii-iu  nf  jicid-s  on  stanch.  d«?xtrin,  celluloftie.  and  othtT  carbohydrates  :  e.g^  zyloi- 
din  fn-im  starch  and  nitric  aciil,  pyroxylin  from  cellulose  and  nitric  neid. 

The  formation  of  thi*  sjiccJiaridcs  occurs  for  the  most  part  by  long  oontiict  at  IfMl^or 
120'';  with  some  kinds  of  KU^ar.  as  with  tn-halose,  the  tompt^rature  may  be  raised  as 
liijzh  as  18(1°.  (hily  a  part  of  the  hu;rar  thus  enters  into  combination. — TheT  a» 
dt>comi»osilili' into  thi-ir  con.stituents  undt-r  the  same  conditions  as  the  fats^  but  with 
pn-attr  difficulty.  Water  scarcely  act."*  u|»on  tlu-m  at  100- ;  at  higher  tempemtnrts 
tln)  .sui^ar  itself  would  bo  destroy ixl.  Continuous  boiling  with  dilute  acids  decomposes 
them  conipl«.-trly  into  the  oHjrinal  acid  and  fi-rmentabh"  sugar;  part  of  tho  latter. how- 
ever, easily  und«'rgot*s  a  further  d(-conipi?sition  into  glucic  acid  and  hnmuH>like  budips. 
S»jnie  saccliari<hrs  suffi.-r  deconifKisition  by  contact  with  ferments. 

The  sacoliaritlts.  like  the  natural  fats,  an*  BoluMo  in  water  when  they  contain  a 
Tolatib"  aeid  ;  iu'ioluble  when  they  contain  a  fixnl  aei<l.  The  soluble  saccharides  haT« 
an  inti'n.scly  bitti-r  taste;  they  deflect  the  ]M>lari8ation  in  the  same  direction  as  the 
BUj;ar  fn»m  which  thry  are  derived ;  none  of  them  are  Tolatilo,  but  some  of  them  emit 
a  fM-euliar  snn-ll  when  warmwi. 

]{esi)eeting  tho  classification  of  the  saccharides,  see  Borthelot,  Chimie  OrgamQui 
fondee  sur  la  Sf/ntlusc,  ii.  271 ;  also  Gualin^s  HamViook^  xv.  317. 

8ACOBASZM2TBS8  and  8ACCBAJIOMBTBS8.  Instruments  ibr  detsr- 
mining  tho  amount  of  sugar  contained  in  solutions.  Tlie  latter  term  is,  however, 
applied  more  e.spt-cially  to  hydrometers  graduated  for  the  purpose.    (See  Suqjul) 


A  granular  variety  of  andesin,  having  traces  of  cleaTBge  in  ooe 
dinrtion,  «)eourrinR  in  veins  in  serpentine  at  the  chrysoprase  mines  near  Frankensteia 
in  Sihvia.  Sjioeific  gravity  «  2'G68.  Contains,  according  to  Schmidt  (Pogg.  Ann. 
Ixi.  380),  6H'y3  per  et-nt.  silica,  23'60  alumina,  1*27  ferric  oxide,  6*67  lime,  0*56 
magnesia,  0'05  potash,  7 '4 2  soda,  0*39  oxido  of  nickel,  and  2*21  water. 


A  name  given  by  Kane  to  a  sweetish  substance,  ptobaUy 
identical  with  orcin,  produced  by  the  decomposition  of  Hecrens  peeudo-ezTthria 
(ethylic  onkdlinato). 

•AOOBABOimnaU    Soe  SACCHiWKITBB. 
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trnnuU-n,  harinfif  an  o<Iour  of  irarlic  and  an  acrid  bitter  taste.  It  soflens  in  tbe 
haii'I.  but  i\ftfH  not  Hiflt  at  a  lii^her  temperature.  Contains,  acording  to  BnndM, 
vol.it ile  oil.  two  n'f'iiiH,  buMv^rin.  gum,  malic  acid,  ash,  and  impurities. — It  yields  nm- 
l^llifrrrjn*'  1;y  dry  di»»tilIation  (.Sommen,  and  vhen  treated  vith  nitric  acid,  forms 
^t%-tlhlli'?orotll^^acidK.  (Buttgerand  AVill ;  Brandes,X.  Tr.  iL  2,97;  Pelletter, 
Bill].  Phami.  iii.  481.) 

Th*f  Toliirile  oil  of  s^acrapenmn  is  obtained  by  distillation  with  vater.  It  is  lif^bt^ 
than  w»t t-r,  y^-liow,  limpid,  and  has  a  repnlnire  odmxr  of  ^riic  When  exposed  to 
tlie  sun  and  air,  the  oil  is  converted  into  a  tmnsparent  varnish,  acquiring  at  the  samr 
timp  a  smell  of  turp«  ntine.  Strong  nitric  acid,  when  heated  with  it.  turns  it  thick  sad 
veilowihh-red.  with  formation  of  oxalic  acid.  It  assumes  a  dark-red  colour  with  di  cf 
vitriol,  and  dissolves  in  alcoliol  and  ether.     (Brandes.) 

Tiiu  alcoholic  citract  of  sagapcnum  is  resolved  by  ether  into  two  resins:— 
a.  The  rtshi  ivmolnftle  in  Uhr  is  brown-vel low,  brittle,  inodorous  and  tasteless,  and 
fusible  when  heatfd.  It  dissolvi's  eai<ily  in  warm  caustic  potash  and  in  alcohol,  ba 
is  inH<;lub]i-  in  aqueous  ammonia,  and  in  volatile  and  fat  oils.— 6.  The  rttin  aoluhiein 
fthtr  in  n-d-yfllow,  tranf<|inr(-iit,  ton^h  nt  first,  and  has  a  slight  odour  of  sagaprnoai, 
and  a  mild,  afterwards  bitter  tast*-.  It  melts  when  warmed,  and  dissolves  with 
dark-n><l  rolour  in  oil  of  vitriol.  It  dissolves  slightly  in  aqneous  ammonia,  partially 
fmly  in  r>austic  potnnh,  easily  in  alc«^hol  and  ethery-and  very  slightly  in  hot  oil  of  tar- 
p4-ntini;  and  oil  of  almonds.     (Brandt's.) 

Sa(;a]H-num  tnati'd  with  cold  alcohol  of  specific  gravity  0-83,  yield»  a  pale-yellov 
ftolntiiiii.  a  (ronsid'Table  residue  soluble  in  water  remaining  behind.  The  pale-yellow 
r«'hin,  wiiirh  rciiuiins  on  evaporating  the  nL^jholic  solution,  has  a  strone  smell  of  garlic^ 
rhrltH  at  MKJ'^,  und  ^ivc8  up  to  water,  when  repeatedly  boiled  therewith,  a  substance 
luivin;;  a  bitt«'r  and  oiiion-likn  taste:  the  residue  dried  at  110^,  dissolved  in  alouhol, 
again  erafK^rated,  and  dried  iit  CG^  is  somifluid,  and  contains  G9'06  poir  cent.  C,  %oi 
il,  and  21-43  0;  aftrr  bein;;  in('lte<l  for  some  hours  at  lOU'^,  it  is  darker,  but  still 
r'-mains  sticky,  ami  contains  CO'84  per  cent.  C,  8*63  H,  and  2L'53  O.  (Johnston, 
riiil.  Trans.  1840,  p.  361.) 


A  varii'ty  of  Rutile.     (Seo  TiTAinuJi.) 

■AGO.  A  kind  of  starch,  prepared  in  the  islands  of  the  Indian  Archipelago^ 
MadiitraHcar,  und  Guinea,  from  the  pith  of  the  t<toms  of  certain  palms:  e.g.,  SaguM  Rum" 
jfhii  W.,  S.  ftirhii/rrti  Gartn.,  i^.  liajHu  Jacq.,  iS.  liaphia  P.  B.,  S.  I^vis  Ja<n.,  & 
grninna  I^bill.  &('.;  and  in  China  and  Jiiintn  fn>m  certain  Cycads,  as  Cyras cireiMtuis  h. 
and  Ci/cns  rfvulnta  \j.  The  ]iith  is  well  Htirreil  up  with  water  on  sieves;  and  the 
Btarcii  deposited  from  thi>  wat«r  is  wahhi'^l,  jialf  dnrd  in  the  air,  then  rubbed  through 
Nuit4ilili'  sieves,  to  ^ninulato  it ;  and  finally  dried,  either  in  the  open  air,  or  in  ovens  at  a 
heat  of  al>out  (iO°,  whereby  the  grains  lK.'eom»  more  or  less  homy  and  translucrntw 

Kfveral  kinds  of  Sii^  are  distinguished  :  —  White  aago  fonns  irregular  pure  white 
grains;  rfd  aago^  n^md  regular  grains,  brown-red  on  one  side;  brown  «ayn,  round 
irregular  grains  of  variuuM  sizes,  and  of  a  grey-brown  colour,  lighter  in  parts ;  jmwW 
MgOf  yf^illowish  grains  of  the  size  of  a  pin's  head.  The  spociAc  gravity  of  sago  varies 
from  0'G70  to  0-770-  The  grains,  when  stoopetl  in  cold  water,  take  up  more  or  less 
of  it,  and  Hwell  up  to  several  times  their  original  bulk,  becoming  transparent  and  gela- 
tinous. The  water  takes  up  a  small  quantity  of  chloride  of  sodium,  and  gives  a  bla» 
colour  with  iodine,  as  d(H>s  aUo  tho  swelled  sago  itself.  The  microscope  shows  that 
the  external  layers  of  the  grains  luive  been  most  disorganised  by  the  heat  employed 
in  dr^'ing  the  sago. 

Till'  so-ealle»l  "Gi-rman  sago**  is  prr'pared  from  ordinary  wheat  or  potato-starch,  and 
JH  gRinuIated  in  tht^  same  manner  as  genuine  sago.  It  is  pure  white,  only  ptftiy 
semi-translucent,  less  liard  and  more  friable  than  true  sngo. 


A  variety  of  Augite,  from  Siilila,  in  Sweden.     It  has  a  dingy  green 
colour,  and  is  coarst^ly  foliated,  arising  from  composition  parallel  to  the  base. 


The  I^itin  names  formerly  used  in  chemistry  to  distinguish  salts  are  in  some 
canos  still  retained  in  pharmaceutical  language.  The  following  are  examples  of  these 
names : — 

Sill  acetoseUtP.  Acid  oxalate  of  potassium,  j  Siif  apcritivum  Fricdcriciannm,   Sulphate 

Hal  a/ka/i  mi»era/e.  Carbonate  of  sodium.  |       of  sodium. 

ISalafkalivcgetabile,    Carbonate  of  potas-  |  Sal  auri  phihsophicum.     Acid  sulphate 

sium.  I       of  potassium. 
Sal  alkali  volatile  aiccum,  or  simply  Sal     Ssiil  cathartic-urn.    Sulphate  of  magnesium. 

volatile.    Carbonate  of  ammonium.  Sal  cornu  ccrvi.       Carbonate  of  ammo- 

Sal  amarum.     Sulphate  of  magnesium.  I      niuni. 
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Mrlitnn-iinjnlf  tm,  ;inil  fv;if«Amfeil  to  drvness  aft/er  in]p(*mtiiratioii  with  carixmic  acid, 
^.lli'  ill  r-m.iiii-*  m  tlit-  n  -i'!!:.-.  siinl  may  !►•»  c-xtpacterl  Therefrom  by  alcohol  (Lisenko. 
/.-it-f-hr.  «'h.  J'hurni.  ISC  I.  p.  .077).  — 2.  Tog»-t  her  with  benzoic  acid,  by  boiling  popu- 
lin  (ir.  C'jO;  with  iim-  or  laryU-watf-r : 

r»ip-o'    +    iro     =     c*iT"o«    +    c»"n"0^ 

r  i{  lilm.  llciiirtic  baliCID. 

acid. 

Or,  r^jfr-thi-r  with  «-tli;.  li^  lM-nz«>ato  anl  Y>f*nzaniiJ<^,  by  heating  populin  to  100- in  z 
frt-ali-il  ti.Ki-  with  al  ■♦.}»' jlir  :inini':«nia.     (Pi rial. 

Pr'j.iirnt,'.ii.--\.  Six  j<mi:j<1-.  of  'Iry  ohopiK-1  willow  or  poplar  bark  are  boil"«l  with 
wati.T :  tli<>  liijiiiil  ix  strait:iii,  citiifiitnitiil  <i(f-.rn  to  18  ponuds,  mixed  while  ^till  hot 
\\\\\\  2  f'^Miiiti'*  of  l•■vi:;a^>ll  oxidi.*  of  l«*ail.  cli::;'-»t«-<l  for  24  himra,  and  asain  striiinM; 
t!i*'  n-8iiliii-  i«*  thort^uiiiiy  wa-lii-il ;  anil  !!:••  l!lrr:At<»  is  •■vajMjrated  to  a  syrup,  and  le:t  t« 
rn-st.'iI!i-<'.     An   aMitit»nal  quant i!y  of  falicin  is  obtainod  from  th«*   molher-liQCom 
jift'-r  tlii-y  havr  aL"ii:i  \'-v\\  tnMtiil  with  oxiiio  of  load,  and  tho  entire  product  is  purl- 
li.  d  liv  Tt\»'\\iA  •ry-alli^-itiiiii  M»iiflt>«.  Schw.  J.  Ixvii.  2/i>. — 2.  The  aqueoa?  d«\*- 
ti'»n  of  tli«-  liark  i""  j-n-i-ij.itart-il  willi  liaHic  aci^tato  of  load;  the  filtrate   is  boiled  with 
rliilk,  till  t;j«!  t■x^'^■^•^  of  thi-  h:\>\\'.  an-tate  in  <b'ormipos«l,  and  the  liquid  becrjmes  clear 
and  •••»l"iirli'-M ;  tiK-n  «'vapor.it«fil  to  an  rxtrict ;  and  this  extract  is  exhausted  with 
ftI.-o}i(,l   of  ;u^  and  li'fi  to  .n-iallij-o  (Prschir-r,  Ann.  (?h.  Phys.  [2]  xliv.  418k— 
:i.  ISixtfcn  pts.  of  bark  an;  niat't-nitMl  with  2  pt««.  limt*  and  with  water  for   24  hoaw; 
th«:  niixtii:*!-  i<<  boilnl  tor  half  an  Iimuf,  anil  htmincd;  tlie  ri'^due  is   tn*ated  in  lik^ 
inanii'T  \^itii  tlir>  sainf  quantity  of  Jini'*  hh  bt.*ft)n';  and  the  whole  of  tlie  liquids  an 
ib'i-antr'il  from  tlii-  si-dinn-nt,  ciinci'ntnitfd,  ihiii  niixi*d  with  6  to  8  pts.  of  bone-bla*.^ 
and  i'Vap;rat»-*l  t.i  i-orn}»l»-t«'  dryn«*»;s.    Tho  ri^jilui*,  after  bi-ing  pulverise<l,  is  exhau<»tc4 
at  a  ^.nntln  lu-a?  wi^'i  ah-'^hol  of  82  j'«T  tvnt,,  an«l  ihf  aU'ohol  is  distillc-d  off  from  the 
t.ii''tiinH ;    tho  s.il:- in    th«"n  cn'-'taHiM.s  fi-om  t!it^  rosiilne    in    pale-yellow  p^inoJrfi, 
whi-h  arr*  |iuri(i«-d  hy  P->-n>t  all  i>ut  ion  with  help  of  animal  charcoal.      (Krdmans^ 
i;f-rl.  Jahrh.  xxxiii.  \,  \'.\iS.j 

J'r-'/urfi'M. — Salir-in  crvitalli^es  in  broad,  tabular,  or  mostly  scaly  crystal:*,  belonjnng 
to  tli»- 1  riini't  rif.sv-torn.an'l '-xliibitinp  the  combination  ocP.  ccpao  .?ac.  Aze9.<i:6:c, 
-  0IV.'7I  :  'J-41i:jK:  1.  Anf:h-.  aP  :  ocP  =  139^  12'.  t«  :  Pw  =  136°  18' 
(SchabuM).  It  is  whiti*.  srilnblf  in  water  and  in akfjhol,  insoluble  in  ether  and  in 
oil  of  tur|»r>ntinf'.  AVati-r  at  ordinary  t<-m  pi  Tat  ures  dissulvi-s  al^iut  6  pts.  of  aalicin: 
alroliol  murh  h-ss.  It  uvUh  at  120^,  do^K  not  t^ivc  off  water  till  heated  to  200^,  and 
droonipoNos  at  a  hi;;h<-r  tonjp«Talun*.  Its  Holutions  have  a  bitter  tiu.te.  and  do  not  alter 
vi-i;ftal»lr  <'oh>nri.  Ai^'orrlin^r  to  nome  anthi>riTirs,  it  ])<>fses.««e8  febrifugal  properties 
Tim  holutions  turn  thi-  plani*  of  polarisation  of  lii;ht  to  the  k'fl ;  [a']r  =»   — 55'8®. 

Salirin  is  not  ].ncipitatcd  by  neutral  or  ba.-jic  acetate  of  kad,  by  gelatin,  or  by  in- 
fusion of  trails. 

Arrordin^  to  Phipson  (Chun.  i\''7''j»,  vi.  27H\  an  alcoholic  solution  of  1  at.  salidn 
and  1  at.  benzoic  a-^id  yields  crystals  of  populin.  Sulicin  also  forms  crystallisHbltf 
romjioiindH  with  tartaric  and  citric  acids.  According  to  O.  Schmidt  (Bull.  Soo.  Cbim. 
IHGfi,  i.  2H7)  Kalicin  dues  not  yiidd  i)Opulin  wIku  hcalod  as  juHt  mentioned  :  heated  in 
n  srab-d  tube  with  bcn/'tii!  iu'iil  and  watiT,  it  yiflils  a  yrllow  resinouB  body  (sali- 
rctin?)  and  a  Hvluliiju  whirh  cr»lou:s  ft-rric  chloriiU'  blue  (saligcnin  ?). 

iM'oiiijiOin'tuoiM.—  1.  iSidicin  hoatod  to  200^  pives  off  water  and  valicylons  acid,  lo- 
prthfT  with  acid  vap|iurs  having  an  odour  of  canimel,  and  loaves  a  yidlow  rectidne  in- 
Bolubh-  in  wattT,  which  turns  Imiwn,  ami  ultimately  carUmises.  By*dry  distillation  it 
yirMs  nalicylol,  to;r,.tli,.r  with  an»matic  pnKlucts.  When  dis«tiHed  with  soddi'lime, 
it  yieliU  a  niixtiin-  of  jihcnol  and  Kilicylol  CGrrhardt). — 2.  By  tho  current  of  a 
Bunsen's  batti  rv  of  100  pairs,  palicin  is  resolved  info  trlucose  and  siiliaenin,  which 
lattiT  is  then  <'onv»Tte«l  into  .salieylf»I,  ftn«l  ultimately  into  K;ilicylic  acid  \Ti eha no- 
wit  seh,  Petei-hb.  Aead.  Bull.  iv.  HO). — 3.  It  is  not  altered  by  o^ouf.  (Gorup- 
Itr  hane^,  Ann.  Ch.  Phanii.  ex.  106.) 

4.  Wlien  boilod  with  water  and  pcro,ruh  of  hwK  ii  yields  a  solution  of  lead-formate, 
and  a  Ie:id-compound  of  salicin.  Distilleil  with  pimxuh  nf  tntnitjanrse  and  dilate  snl- 
j>hurie  acid,  it  yields  larce  quantities  of  formie  acid  and  carlonic  anhydride;  but  a 
mixture  of  nulphuric  acid  and  dichriunaU-  of  pvtassiinn  converts  it  into  carbonic  anhy- 
dridr*.  formic  acid,  and  P'llii-ylol. 

•5.  Salicin  is  eoloun^d  retl  by  stroiitr  f^Jphm-ir  ,i,'lt1,  and  the  product  is  decolorised  by 
wafer:  tl.o  solution  then  contains  a  conju;j:at<-<l  acid  (Mulder's  su^phontfie  arid), 
topi-ther  with  unaltered  salicin.  If  the  nnxture  bo  li<at«.d,  there  is aL*o formeda  resinons 
Hubstanoo,  culled  olivin  by  Mulder,  ru  til  in  by  Bmconnot,  and  probably  identical 
with  Piria's  saliretin  ((/.  v.).  The  retl  colour  imparted  to  salicin  by  stiong  mlphiiric 
acid  nuiy  servo  for  the  ili-trof  ion  of  salicin  in  willow-bark. 
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mixtnro  of  vrufcr  nnd  dichlorosalicin,  contatninjD;  lumps  of  marble  to  nentraliw  tlu 
hvdnx'hloric  ucid  im  fast  an  it  i*  furmcKL  It  is  thrn  pn.'oipitjited  as  a  yellow  crjiUiLine 
jtowdi-r,  vliicli  must  be  tthukon  two  or  threo  timet  with  eth«r,  and  ctjBtalUsed  fnioi 
wnik  ulcohul  It  fonns  Pniall  }elluwltih  Di'CtIU-8,  containing  2  at.  water,  which  \»  giren 
oif  at  lOi)^  It  is  inodoroun/but  has  a  bittrr  taste,  dccompoBes  when  hrated  abore 
10U°,  and  is  resoivoil  by  I'mulsin  into  glucose  and  a  resinous  prodact.     (Piria.) 


FlvflaboaallolB,  CH^'IVO'  [?1,  is  obtaiaed  by  pouring  a  few  drops  of  ammonii 
into  u  hot  htn)n^  H>luti(in  of  wiliciii.  and  (Gradually  adding  basic  acetitte  of  lead  tiU 
al>out  half  th«'  sulicin  is  procipitatfd.  TIh*  lr*ad-componi:d  then  aoparates  as  a  bulkr 
whitf  pn-cijatati',  rowm!»ling  Htarch  whi-n  dried,  having  a  b.tter  and  sweetish  ta&t«, 
soluble  in  aiN-tic  aci«l  aud  in  [Mitash.  It  does  not  piTc  off  any  WAter  at  100®.  It  is  decom- 
ptjsed  by  the  weakost  acids,  saliciu  bt-ing  set  free.  Strung  sulphuric  acid  coIootb  it 
red. 

Lead-ctimftounds  of  salioin  of  different  composition  oro  obtained  ander  other  cIkdhi- 
£t;u]c<-K,  not  very  well  di'fiiied.     ^Piria.) 

■A&XCOSTX.  C'lIH')'.  A  monatoniic  radicle  which  may  be  supposed  to  exist  in 
ualicvl')!.  or  salieylouH  hydride,  (.'"IPO'.H,  and  its  derivatives  (p.  161).  It  wa*  for- 
nuTly  uilled  salivylt  but  this  name  belongs  properly  to  tho  diatomic  radicle  of  salicylie 
acid. 


Cni''0.    The  diatomic  radicle  of  salicylic  acid  and  its  derirativef. 
Not  known  in  the  separate  t>tate. 

(crH*o)*) 

.    C»ll"0«  -     C«11«0    yO^.—Acftosalicultc  acid, 

H       3 

[I'Virmerly  repinb-d  as  Acftoxalici/Uc  anhi/drith,  C'n*0*.C*H*0,  in  accordance  with 
tlk"  munatomic  formula  of  wilicylii*  acid,  C"n*()'.rf.01.  Discovewd  by  Gerhardt,  whu 
obtained  it  l>y  tho  action  of  chioridi*  of  acetyl  on  salicylate  of  sodium  (i.  31).  It  i« 
also  pnvJuced  by  heating  fialicylie  acid  with  chloride  of  acetyl.  As  thus  obtained,  it 
crystallist'H  in  tufts  of  slemler  prisms,  dissolves  completely  in  water  only  at  the  boilinfl; 
heat,  easily  in  alcoliol  nnil  ether,  and  reacts  with  ferric  «alls  like  salicylic  acid.  It 
melts  easily,  and  when  heated  a  little  above  its  mehing-poinf,  emits  the  odour  of  a?etic 
acid.  It  diseolveti  in  warm  nitric  acid  of  s]H'eiflc  (rravity  1*2,  the  solution  yielding 
crystals  of  a  nitro-acid.     (If.  v.  Oilm,  Ann.  Ch.  riiarm.  cxii.  180.) 

BJLXiZCTZiAllKZO   itCZB.     C'lI'NO'  »   (C'H'O;"!.^.      (Cahonrs,   Ann.  CIl 

Phys.  [3]  X.  349.-— Mu sprat t  and  Hofmann.  Ann.  Ch.  Pharm.  liii.  226.'~LiD- 
pricht,  ibid,  xcviii.  266  ;  xcix.  249.) — This  c<jmpound.  mctameric  with  oxvbenzaraie 
aeid,  phenyl-carbamic  acid,  and  nitrotoluene,  and  formerly  regarded  a^  safictflamid''^ 
N.H*.C'Ii*0*  (that  is,  as  the  amide  of  monobasic  salicylic  acid,  C'HHI'.II.OJ,  is  pro- 
duced by  the  action  of  ammonia  on  methylsalieylic  or  ethylealicjiic  acid : 

c'ir(CH*)0>  +  Nii»   -    c»irNo«  +  ch«o. 

UethylMlicylic  Saliri  luinic       MeChjrl- 

acid.  «iid.  Alcohol. 

To  prepare  it,  1  vol.  of  wintercreen-oil  (methylsalicyric  acid)  is  mixed  and  ivpeatedly 
Bijitated  with  about  6  vols,  of  strong  alcoholic  ammonia.  The  yellowish-brown  solu- 
tion thus  obtained,  deposits,  on  evaponititm,  medles  of  salicylamic  acid,  which  may 
be  purified  by  crj'stallisation  frum  hot  water  or  alcohol. 

According  to  Cahours,  it  is  pro«luced  by  heating  acid  salicylate  of  ammonium,  but 
Limpricht  was  not  able  to  prepare  it  in  this  way. 

Salicylnmic  acid  crystallises  in  laminre  having  a  strong  lustre,  and  a yellowish-whito 
colour  not  removable  by  treatment  with  animal  charcoal.  It  has  an  acid  reaction,  is 
nearly  insoluble  in  cold  water,  easily  soluble  in  hot  water,  also  in  alcohol  and  in  ether. 
It  melts  at  132°  and  boils  at  270^  givinjj  off  an  aromatic  vapour  wh^ch  condenses  to 
shining  lamina?  of  the  acid.  If  it  be  kept  at  this  temperature  till  about  a  fourth  piirt 
lias  volatiliiied,  the  residue  contains  salicylimide,  which  may  be  extracted  by  alcohol: 

Cn^'O'     -     H«0     -     C'IPNO. 

This  reaction  affords  a  decided  proof  of  tho  diatomicity  of  salicylic  acid,  since  monato- 
mic  acids  do  not  form  amic  acids  and  imides  (i.  47,171).  iSalicylamic  acid  passed 
over  red-hot  lime,  is  resolved  into  ammonia,  aniline,  and  phenol.  With  fuming  nitric 
aeid,*it  forms  a  nitro-substitut/;.  Strong  acids  and  alkalis  convert  it^  by  assumption  of 
water,  into  acid  salicylate  of  ammonium,  (C'II*0)''(NH*).II.O-. 
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ami  wilicylumlc  n<*idd  fLimprioht).  Its  Bolntion  in  stiontiA -water  flnt  drpoRts 
crvxtaiN  of  bi*nzoarr.  iiinl  uftt-nrunls  of  Milicvlamat<*  of  strontinm. 

Th"  amnion iai'ul  Holurion  forms  a  li^ht  lemon-yellow  precipitate  with  neatnil  aceUte 
of  Ifa-l,  anl  li^'ht-Miif'  with  ^ulpllate uf  copper.    (Gerhardt  and  Chiocza.) 

SiU'er-saU.—Thp:  ainnioDiH<.*:il  solution  of  the  acid  fomu  with  nitrate  of  nl%-er  alight 
li'moii -yellow  precipitati-,  whirh  b«HX>inns  ^tronglr  heated  with  chloride  of  benzovl, 
forming  chloride  of  silver     (Gerhardt  and  Chiozza.) 

C'«H"O.H)  ^ 

CumyUaUoylamle    acid,  CH'^NO'   =>    (C'H«0)"  S-^.     —Prepared,  like  the 

procflin^r,  with  Baliovlainic  n^id  and  diloriil^  of  cumjl.  Ciystallises  from  alcohd  ia 
Ciipillary  uctdli-H.     Micrhurilt  and  Chiozza.) 

(C'lI'NK)  -  (C'H*0)  I  jf t^  app<.a„  t^,  1^  produced  by  tie 

])niloii^(d  ad  ion  of  ammonia  on  cthylic  methylsalic^'late.  (Limpricht,  Ann.  CL 
Pharm.  xcviii.  2G'2. » 

(C'H^O)") 
SAZiZCnXBSirSOZC  ACZB.      C>«n>*0«  »     C'U*0    yO\       Syn.   with  Eb- 

H     J 
coHAijrrYi.ic  Aril)  (i.  5G.i). 

11*      \  f^pinoyitc  acta.     IfyprrAjMXfif- 

lir  arhl.  (Piria.  Ann.  C\\.  Pharm.  xxx.  16o  ;  xciii.  262. — Lowjg  and  Woidmasn, 
J.  pr.Ch«ra.xix.  2:i6;  INijip.  Ann.  xlri.  HU. — Marchand,  J.  pr.Chom.  xxri.  395. — P  rec- 
ti-r.  J.  Ph;trm.  |:{]  iii.  270.-  Drlahiudo,  Ann.  Ch.  lliys.  [:J]  vi.  346.— G  t*  rhardt, 
ihhl.  vii.  2l7.-<'ahoiirs  »W.  x.  327;  xiii.  90.  113.— Eltling,  Ann.  Ch.  Phaiw. 
liii.  77.- Schlii|j<r,  iW.  lix.  2f>. — Kolbf  and  Laut«*mRun,  Ann.  Ch.  Pliann. 
rxiii.  12.>;  i-xv.  i:»7:  rxx.  2I»9:  .lahn-l..  1SA9.  ]».  SOU;  18tiO.  p.  287;  1861.  p.  393.— 
K.-kiil/'.  Ann.Ch.  rh.irrn.  cxvii,  115;  Jalln■^l..  1800.  p.  203.-Gm.  xii.  246.— Gcrh. 
iii.  32');  iv.  lol7.) 

Tills  ari'l,  nirtamcrif  with  oxy]>onzoii.'  iioid,  rxists  roady-formed  in  the  flowers  of 
Spirtra  Vliiutria,  ami  aH  mt-thylsalirylic  acid  in  oil  of  wintei^ivcn. 

Fin'mtiti.n.—  1.  ]''rr)m  sal  i  «'y  lol  by  oxidation  wiith  nqncous  chromic  acid  (Et  tlinc\  ' 
OP  by  h''atin^'  wiili  oxidf*  of  W)ppiT  (Kt  t  ling,  Piria). — 2.  By  melting  sulJcylolor 
sal iciu  with  hytlrato  of  potassium  (Piria): 

c'n«(»'  +  Kiio    =   c'iT»Ko»  +  m 

— 3.  Vt\  hontini:  ind  ifjo  with  hydrato  of  pitassium  to  300O.  The  experiment  dof*  not 
always  sii'vi-iil  :  it'thr  hrai  be  not  i'oiitinu«*d  lon^  onou^rh.  only  phrnyl-cnrbamic  add 
iH  ])nHUicni ;  if  io«>  lon^,  a  brown  mibstanoo  is  formr-d.     (Kttl'ing.) 

/».  Hy  passing  i-arbonii*  anhydride  into  phenol  contaiuinirKmaU  piofos  of  sodium.  The 
Dii'tal  thin  dihKi)lviK  with  evolution  of  hydroijfrn,  and  salicylate  of  sodium  is  formed. 
t4i;r,.tli(.p  wifli  othor  prrxbii'ls.     Salii'ylic  uHd  hafi,  in  fact,*  the  sum*'  composition  as 

ph.-nyl-carb.)nic  arid:  OH'O  +  CO-   -»  C'll'^O*  (Kolbe  and  Lau  temann). 6.  Bt 

tlu;  iU'tion  of  nitrous  ai-id  on  phenyl- carbarn  io  acid  (Gcr land) : 

C'll'NO'   +    UNO'     =     C'H-0'   +   IPO    +   N«. 


C"I1*NM)'   +   211-0     «     2npO*   +   NHO»   -H   X*. 
7.  Cuuiaric  ai-id  (ii.  a:n.  luati-d  with  hvdnite  of  potasi.iuni,  yields  sulii*yLito  and 
acetate  of  jMita'^Muni  (l)elal  ande.  Ann.  Ch.  Phys.  [3)  vi.  343):" 

cni-o>  +  2KII0    .    car»Ko*  +  c=n»KO«  +  ii«. 

R.  MethylHalieylic  acid  (,>il    of  wintt-nrpron Ms  resolved  by  ^neous   hydriiMlic 
aeid  into  salicylic  acid  and  meiliylic  iodide  (Laut  emann,  Ann.  Ch.Pluimi    cxky  13)- 

C'11\C1P)0>   +   HI     =     Cn-O*   -I-   CUT.  " 

9.  I o d o .s a  1  i e y  1  i  c  acid  is  de..ompo«*»<l by hydriixl ic  aeid,  even  at  tempomtures Ih?-1uw 
100  '.and  more  quickly  at  100°  into  siilicylic  acid  and  free  iodine  (Kekule  Ch^m  Snn 
J.  xvii.  203):  ^  , '-nem.  ooc. 

C'TI^IO'   +    HI     =.     C-II«0«    +    P. 
PrrpariUinH.  ~  a.  Vnm\  thf  fb.wirs  oi  S^irtfa  Vhunrh.     The  flowers  are  exhaustt-d 
with  ether,  or  the  water  distilled  from  them,  with  frequent  cohobation,  is  shaken  up 
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2.  Heated  with  dilutp  Rulphurie  ncid  and  mangfonie  peroxide,  it.  jields  fonnie  acid 

3.  Hufphnric  unhtidriih-  convcrtN  ii  into  ralphniuilicjlic  acid,  CH'O'iU)'. 

4.  ruminp!  nitric  ucid  in  tlio  cold  conrorts  fotlicylic  acid  into  DitrtMalicjlic  acid  :  U 
pmlun^;^  lu-tion,  huwevcr,  picric  acid  is  produced.  Tho  Bame  prodncta  arc  obtni&ei! 
by  tri'Hting  Hulicylic  acid  with  n  mixture  of  funiinfir  nitric  and  at rong  aulphuric  acid. 

5.  With  I'hfttrin*'  and  Imnninf^  salicylic  acid  yields  chlorinated  or  brominatvd  acid^ 
thi*  ili'^roo  of  MiI)>titution  varying  according  to  the  proportions  used,  and  the  cirtcn- 
htaiiiTH  of  tho  rt-action  (p.  156). 

(i.  A  mixture  of  hydruchforic  acid  and  chlorate  of  potasiitim  eonrerts  it  into  pertUoro- 
quinone  (p.  20). 

7.  J>n'  »:ilii.'ylii'  acid  (1  at.)  diNtilIrd  with  jtcntackinriJe  of  phaitpkorua  (2  at  w3 
ptH. )  yifliU  an  oily  botiv,  which,  after  rectifying  and  collectinf^  the  portion  vhieh 
distils  U-twt>en  240^  anil  270^  consiistH  of  ralioylifi  chloride.  qC*H«0)''C1'.  cOicrlle 

chlorohydnite,  C'IPO'.Cl  =  (C'lPOf  j^jq,  and    chlorosalicyUe    chloride,  CH«CP, 

or  (C'H'Ci'rCl'.  The  first  and  thinl  of  these  bodies  Ar«  KsolTed  by  boiling  with 
wattT  into  hvdroi^hluric  aciil  and  chlorofialicvlic  acid,  C'U*C10*,  isomeric  with 
chluruWiizoii.-  acid :  the  Kccond  yit'lds.  in  like  manner,  hydrochloric  and  salicylic  acids. 

Such  are  thrrc-^ultrtul'taiufdliy  KolbeandLautemann(Jahrp8b.  18G0,p.  388),  vbo 
hfiwevcT,  wgard  the  cmjiiound  CMI'OCl'  aM  chhride  of  ehlorasaf^fif  acid,  C'HHTIO.CI 
(i«i()meric  wiih  chloride  uf  chlorobcnzDyl),  and  the  third  as  trich/oridt  of  ekiortMiIjff, 
V'lVVlXV. 

Chiuzza  C.\nn.  Ch.  IMiys.  [.3]  xzxri.  102;  Jahrcsb.  18d2,  p.  403\  by  dintiUiu; 
Halii-ylic  acid  with  pentachlurideuf  phof<pliorus,had  prcviouHlyobtaiucd  nn  oily  disf illatr, 
which  vieMi'd  chlon (benzoic  acid  (or  an  i»nnier)  wlu'n  treated  with  wruter.  Gerfaardt 
(Ann.  C'h.  Pharm.  Ixxxix.  «3r»0 ;  Jahrcsb.  l8o4,  p.  421).  by  acting  in  like  manner  oa 
nietlivKalioylic  acid  (oil  of  wiiitcrffreen),  obtained  salicylic  chlorohydrate,  C'H*0^: 
and  i>rion  (Jahre^^b.  lH54,p.  42:i).  by  the  Rnme  procesi),  likewiM^  obtained  the  latT^ 
cuinf)ouiul.  toyr*t her  with  salicylic  chloride.  C"H*0C1*.  Kekul^  (ibid.  1860,  p.  298>, 
by  heating  th<'  <li^tillate  obtained  with  wintergreen  oil  and  phojiphuric  chloride  to  180^ 
— 200-',  to  ex|K-l  oxyoliloriilu  of  ]i]ir»sphonis  and  the  excess  of  pentachloride  (1  it. 
met liy ] Sill icylio  acid  dccom]Kisc.s  only  I  ut.  PCP),  obtained  a  product  which,  whea 
trcat^sl  with  water,  yieldeti  only  salic\'lie  a(!id,  no  chlorobenzoic  or  chloro^vlylic  acid: 
therefore  C^IPUCl;  but  when  tho  clilorinated  distillate  was  further  heated  tosomewhst 
Ih'Iow  28»)°,  the  cninpouiid  C'llMXl*  was  obtained,  which  yieldeil  with  water  the  clUo- 
rinated  acid  C*J1*('1U-.  Kekule  tind.M.  however,  tliat  the  eumpusition  of  the  chlorinated 
distillate  in  by  no  means  constant,  but  that  the  ]ir<.^^)Ortion of  chlorine  increases  at  each 
r«\iitication. 

VtTy  diffen-iit  result'*  have  been  obtained  by  C'ouper  (Ann.  Ch.  Pharm.  cix.  369; 
Jahn'Mb.  ISAH.  p.  2rifi).  whu,  by  gnulually  drup|>ing  1  at.  wintei^ecu  oil  into  2  at. 
pentacliloridi' of  iilio«*j«honiM,  and  rectifying,  obtained  a  3*elIowish  liquid  passing  oyer  at 
alHJUt  2U0^,  ami  a  blackish  residue  which  soliditied  on  cooling.  This  liquid  has  thi* 
composition  V'WCVVO'itutftiyf'trichlon'phi'sjtkaft^aiu]  is  n'solvvnl  by  waterinto  hydro- 
chloric, pho.Hphoric,  and  Nalicylic  ucids.  Its  formation  may  l>e  represented  by  th* 
oqtuitiou : — 

cai'O"   +   TCP     -     2nci    +    C'lr^cppo*. 

8.  Prj'  Balicj'late  of  soilium  distilled  with  excess  of  phnttphoric  oxjfchloride  gives  off 
hytlroclilorio  acid,  a  viscid  li«iiiiil  which  passes  over  at  a  high  temporuturo,  and  on  ex- 
posun*  to  the  air  dei^osita  tabuLir  crystals  consisting  of  the  phenyiic  ether  of  las v lie 

CH"(>>  *  c-  «^       .^ 

acid,  C"ll"0*  «    ^,^jp    /O.     (Kolbe  and  Lautemann.) 

9.  With  /'/iA>riVr(>/*</'T/y/siilicylicaci«l  forms  a  c  i- 1  y  1  -  sa  1  i  cy  I  i  c  acid,  C^H*(C»HK))0*, 
metanieric  with  terephthalic  aci.l.     (H.  v.  G  ilni.  Ann.  Ch.  Pharm.  cxii.  180.) 

10.  iSalicylic  acid  heated  with  /"dinr  yields  a  mixture  of  m  on  o-,  di  -,  and  t  rt  -  iodo- 
salicylic  acids  (Kolbe  and  Lautomann\  together  with  tri-iodophenol  (Lau- 
temann, Jahresb.  lf«Gl,  p.  303\  The  fame  ic>dated  salicj-lic  acids  are  produced  by 
dropping  tincture  of  io<line  into  a  c<.»ld  aque<ms  solution  of  salicylate  of  barium  (Kolbe 
and  Lautemann).  On  adding  a  solution  of  iodine  in  chlorine-watertoa  warm  aqueous 
solution  of  .salicylic  acid,  a  crkstalline  precipitate  is  inime«liately  formetl,  which  after 

washing  with  cold  water,  is  found  to  contain  u  considerable  quantity  of  an  iodine 

probably  an  io<Ioaalicvlic  aciil.     (II.  Wa  1 1  s.) 

SAL1CYLATK3,  — Salicylic  acid  is  dibasic,  forming  acid  and  neutral  salts,  repi«- 
seiitel  by  the  following  formulie : — 

Acid,         C'IPMO'     =     (C"IW)-jo,,„jC.,jj,.^..0.     ^    (C'J^>o.. 
NVutral.    C'lI'MK)'     -     (C'JJ10>"J0' and  C'U'M-0'      -     (°'5.*Oy'o». 
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Hilorin^  into  t]ii'hlrir<-'fi:i1ic;^lat<*.  und  l>y  l:rfjmin«  into  dibzomosal  icy  late  of  potasROB. 
Tn  siIinI  with  l>n>mini'  in  ]»rfviK*«' of  i-zr<->rt  of  potash,  it  yields  a  nd.  snbfUan 
rf-MiuMiiif;  Hulplii<le  of  HDtimuuy,  iiiBolublf*  in  alcohol,  ammonia,  and  potd»h,  sad 
hiiviii^  the  (ijDipubition  of  tribronniphonul.     (Cahours.) 

Safirf/fnff  of  Silver,  C'II*Af?0*,  is  a  white  procipitat^,  which  disKiIyn  in  i 
HTnall  qiiiintity  of  boiling  water,  and  separates  on  cooling  in  small  very  bxilliant  needl^dL 
((.'uhuurs.; 

DromoanHcylic  Acid$, 

MoBObromosalleyUc  aeld,  C'lIMirO'.  (Gerhardt,  Ann.  Ch.  PbyR.  [3]  Tii. 
217;  (.'uh'Mirs, ////V/.  xiii.  1)0.) — Thin  aci<l  is  pruclucetl  by  triturating  Siilicrlic  arij 
with  a  i|ii:tiitity  of  lirtjmino  nut  Hufficiont  to  oonY<Tt  the  wliole  of  it.  On  wasiiingtbe 
p'-ultiii;;  ^iimniy  niasH  with  Ninall  quant  it  it's  of  cold  alcohol,  to  extract  the  nnaltcni 
Kilicyhc  acid,  disyolvin^  tht>  n-^iduf  in  lN>ilin:r  aK'ohoI,  and  leaving  the  snlatioa  to 
4:v:i|rf»rat(',  bnniifisulirylic  :i<*iil  is  uYitaincti  in  c<ilourleM  pririms  having  a  strong  I ut!^. 
ami  sunn  wliat  like  salii-ylir  n<'id.  It  nirltH  when  nli^'htly  heated  ;  dif!M>irf«  but 
»i|Mriiitrly  in  tntttr,  «viii  ut  t!ir  iM^ilin^  hrat ;  pprtly  readdy  in  alcokol  and  ftktr,  n^ 
eiallv  Miii-n  warm.  It  iKdrcumiM^Mvl  V*y  dry  diM illation.  'XVhen  distilled  with  fineuoil 
and  a  Nutall  <|iianiity  nf  1iar)-ta.  it  yields  tliiek  va|iouni  condenaing  intoa  Te«Idi!ih  liquid, 
whi<')i  l»y  ri'i'iated  Jistillatiun  with  sand  and  bai^'ta  yields  brumopheuol:  C^il'KK*'  « 
CMPUrt)  +  0)\ 

lfn>moNaliey]ic  a^'id  funns  wit.h  ammonia,  potash,  and  soda,  crystallisable  ul;<. 
wh it'll  an;  los  ly^Iublc  in  water  tlian  thf  salieylates. — It  colours  ferric  salts  red,  like 
Halii*yli('  aoiil. 

IHbromosalloyllo  actd,  ("Il'I'.rO^    (Cahours,  Ann.  Ch.  Phys.  [3]  vii.  102.] 

— '!'•;  ]>n]»iiri'  this  aei<l.  pnlvi-riNeil  salii-ylic  acid  in  gradually  triturated  with  ezoe«s  (4 
broiiiiiu*  as  lri|i<r  as  any  action  taki-s  place,  and  tlia  mixture  is  Ifft  to  8tand  for»ome 
hours  ;  tin*  i-xit^s  of  ]>roniiiif  iri  tlien  wa><lii-d  out  with  cold  water,  and  the  rofridue  di»* 
M)tvi>i  in  boiliiiL'  aiiiiniinia.  An  tin-  feiiihitiou  cools,  thf^  amnion ium •halt  is  de^Kisit^iii 
Nli'iiih'r  hhiniui;  hcfdlfs.  These  crystals  an>  disM>lvi-d  in  water;  the  acid  precipitated 
liy  ]iydr«M-hioric  acid ;  ih**  white  preeipitatc  washed  and  dissolved  in  boiling  aJcohoIf 
and  the  mo]  lit  ion  left  to  (va]Hirate.  Or  bnunine  iH  dissulrcd  in  a  concentrated  sulotioo 
of  salicylate  of  ]>(>ra.>siuni,  wli<Teu]>on  the  liquid  becomes  heated,  and  soon  depoiiti 
ervstalMof  dibromosalicylate  of  potassium;  this  ssdt  is  decomposed  by  hydrochlorie 
acid,  and  tlic  scpanitcd  acid  waslied  and  crystalHsi'd  from  alcohol. 

It  forms  hhnrt  ndourhsM  or  sliKhtly  nddisli  nedles,  which  melt  at  about  150°.  It 
is  sparingly  sohiMo  in  u.itT,  nitHlfratrly  sohil  Ic  in  alc<'ht4,  moro  easily  in  tthtr.  It 
di»»>hi-h  in  stmu;:;  Htilphnrir  miil  at  a  p>ntl«>  h«at.and  is  precipitated  fri>m  the  solotioa 
by  \«atrr.  Jfoilin;^  ititric  luUl  dissolves  it  readily,  with  evolution  of  bromine  and  nitroiB 
vapours  ami  formation  «if  picric  acid,  wliidi  crystallises  on  cooling.  When  distilled 
with  sand  and  a  small  ({uantity  of  baryt-i,  it  yields  dibrumophenol. 

Tin;  dihntmosalicyiates  of  ammonium,  pMtassiiim.  and  sodium,  are  even  less  soloUe 
than  the  monolii-omf>siilicyhiteM.  The  potassium-salt  crystallisi'S  from  alcohol  ia 
fihinin:;  colourless  prisms. 

THbromosalioyllo  aold,  ('"IPI^rW.  (Cahours.  Ann.  Ch.  Phys.  [3]  vii.  104.) 
— When  a  mixturi>  of  finely  pulverisiHl  dil'n)mosalicylic  acid  with  excels  of  bromine  is 
ex}Mised  to  sunshine  for  2/>  or  30  days,  amV  the  resulting  cryHtala  are  washed  with 
water,  and  reer3-stallis<-d  from  stri*)!!!;  alc->hol,  tribromosalicylic  arid  is  obtained  in 
snuill  yelluwish  prisms,  very  hard  and  friable,  insoluble  in  water,  moderately  soluble 
in  iilt'vhol,  very  readily  in  tthtr. 

When  <listilied  with  iuin«l  and  a  small  (|uantity  of  baiyta,  it  yields  tribromopheni-l 
contaminated  with  a  Mnidl  (|ii:intity  of  i.'ily  matter.  When  boiled  with  nitric  acid, 
it  yield.H  bromine-vaixiurs  and  yellow  crystals. 

Its  comiHMinds  with  ammonia,  ]totash.  and  soda  nn*  crystallisjible,  but  very sparincly 
soluble  in  water.  The  amnion ium-s;ilt  forms  with  Mlver-salts  a  precipitate  of  a  de«p 
orange-yellow  colour. 

Chlorosal ic'/Uc  Acids. 

Only  two  of  ihcpe  compounds  are  known,  bf)th  beincr  pro«luced  by  the  direct 
action  of  chlnrine  on  salicylic  aci<I.     (<.'a hours,  Ann.  Ch.  l*liys.  [3]  xiii.  106.) 

MonocliloroBalioylicaoid,C-IPCl()',  isprtxluced: — 1.  By  the  action  of  chlorine 

on  excess  of  sali«?ylic  acid,  a  portion  of  the  acid  then-fore  n^'maining  undccomposcd;  it  is 
dillicult,  h«)wev(r,  to  purity  I'rom  dichh)ri'salii'Ylic  acid. — 2.  When  chlurine  gas  is  very 
slowly  i)assed  into  a  concent  rat iil  solution  of  salicylate  (>f  potassium,  till  the  liquid, 
which  becomes  br..wn.  bcj.'ins  to  deposit  a  dark-j:reen  substance;  the  solution  then 
d<*comiHj.seil  by  an  acid,  and  the  re^ultinj?  white  precipitate  washed  with  vater  and 
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Iinilinp  tho  poliitinn  for  three  lionrs  in  a  flafk  prorided  with  mn  mirtght  eon^nK^ 
tu1)i\  Th>'  I'Fown  iiolutinn  in  niizM  with  water,  nested  to  drire  on  the  alcohol, t]m 
BiipfTHiiturdteil  with  carbonate  of  sudinm,  and  the  resulting  Bodiam-Balta  an  futLcr 
trtMtid  as  above.    (Lautomann,  Ann.  Ch.  Phann.  euc.  299;    Jahmb.  1861,  p. 

MoBO-iodosaUejUe  •old,  Cn*IO*.— This  acid,  separated  from  the  puiM 
barium-Halt  by  hytinx.-bloric  iicid,  fomw  a  white  crjHtalline  mitas*  slightly  solnbU  ia 
vvr/zT,  caHily  w»1uble  in  a/cokoi  and  etkfr.  It  cryetalliiiefl  from  water  aeidoliited  with 
fiulphuric  or  aoitic  arid  in  long  silky  netnlles ;  from  alcohol, bj slow  eTaporation.in  bari 
flirty  gruup^  of  ni-<-dIps.  It  nirlts  at  19C^,  and,  when  suddenly  heated,  is  resolrrdiiti 
frt-o  io«iino.  iodoplienol,  and  carl  tonic  anhydride.  By  boiling  with  cansdc  ^oilit  n 
convprti-d  info  oxysal  icylic  acid,  C'ri"0*  (iv.  320). 

The  aqupons  and  alcolinlic  folutions  of  the  acid,  and  likewise  the  solnticniB  <rfiti 
falfj*.  colour, /Vrri'"  cMnride  riob'L 

Iixloxalici/laif  n/  Ammonium  is  spitringly  soluble  in  water,  andrrystallisc^  in  ne«dW 
— Tln'  fMiriufn-jta/t,  (!'*H"Ha"I^)*,  is  very  soluble  in  water,  and  crTatallises  in  rofetrn 
of  <iclieatp  laiiiinie,  which  n*«»ump  a  rrKldish  colour  when  heated  in  the  moist  itite.^ 
Tho  fifrer-sa/t  is  spiiriii^'Iy  Holuble,  and  ci^'stallisos  in  hard  graini«.     (Lautemaon.) 

Sl-lodosalloylto  aoid»  C  11*1-0*,  separated  from  the  liariamHialt,  forms  avUte 
nniorpht'iis  iiia«4H,  nrarly  instjlubln  in  tf-<f^r,  moderately  s<iliible  in  aicokol  andcfAr. 
Vvyixu  water  ni'idulati'd  with  sulphuric  acid,  and  from  acetic  acid,  it  crystallises lik^  tit* 
niono-i'Mlatid  iwid  :  fR>m  alcohol  in  needle-shaped  cr}f(talH.  It  does  not  melt  at  212°. 
but  turns  bniwn  from  incijiimt  decomposition ;  when  qnirkly  heated,  it  decompose 
with  Nppiir.it iun  of  iii>lini'.  lliiiling  nitric  aeid  likewise  eliminates  iodine  from  ii.  tfti 
}ir[)b:ibly  converts  it  into  <linitrosalioylic  noid.  By  lioilinf;  with  strong  poiash-fry  it  ii 
cnnviTtpfl  into  dioxysalicy lie  or  fi^iillic  acid,  C'H'O*.  part  of  which  is,  howem, 
ri'solviHl  into  parl»onic  anhydriib>  and  dioxyphenic  (pyropillic)  acid. — The  solutioni  d 
di-i<ifl>>KaIiovlic  uoid  and  its  salts  colour  firric  ehloridf  violet. 

Thf  di-iodosalicylatpH  arp  fi>r  the  most  p:irt  very  spnrinfrlj  soluble  ;  theiiK4t 
polubb'  amon^  fht-m  is  t!ie  mnlnnn;^iilt. — TIip  ffarhfrn-naitt  C'*lI*l''Ba"0*,  crvstallii>M 
from  a  moderati-ly  conc<'ntr.itfd  solution,  in  nordles  having  a  satiny  lustre.  (Laute- 
mann.) 

Trt-lo4osaUo7llo  add.  C'H'POr— This  acid  is  very  difficult  to  prepare,  beiaic 

vpry  UDstablr,  an<l  :i]it  to  '^]A\l  up.  during  tlie  process  of  formation  by  fusing  salicylic  arid 
with  ioilinp,  into  <'ar1)onic  anhydride  and  tri-iodonheuol.  It  is  insoluble  in  wairr, 
suliiltlp  in  atct>ff»l  and  ithr,  anil  cn'sfallisps  from  the  former  in  tufts  of  needles.  It 
iniOts  at  alN)ut  l.'>7^  with  partial  dpC(jnip<jsition.  Alkalis  decompose  it,  abstnctiog 
carl^inio  anhydride  and  hydri<i(lic  acid,  and  convrrting  it  into  a  red  body,  C*H'PO. 

Tri-i"<1nsnlirifhttt^  of  SmUum  is*  a  grey-gn-en  mass  \^rf  slightly  soluble  in  water. 
(Lautmiann.) 

yi  trosaUct/Uc  Ac  ids. 

Two  uitn^-drrirativcs  of  ^alioylio  a.'iil  an-  known, — viz.,  the  mono-  and  di-nitrated 
acids. 

MoBO-nltro-sallcyllo  acid*   or  simply  introaallcjllo   add,    C'H^NO*   ■ 

rMi\NO-)()*.  I/idif/nticarit/.  AuilicaciJ.  yUnt-atn'h'cacid.  AnU(tticaci<i.  yitrottyiroyiie 
arid.  (Chpvnrul,  Ann.  Chini.  Ixxii.  131. — Buff,  Ann.  Ch.  Phys.  [2]  xxxvii.  160.— 
Dumas,  ihid.  Ixiii.  20 '> ;  [3  J  ii.  227.  O  i-  r  h  a  r  d  t,  ifji'd.  vii.  325. — 31  arc  hand,  J.  pr. 
Cliom.  xxvi.  3H.».  -Piria,  Ann.  Ch.  Pluirm.  Ivi.  35. — .Stenhouse,  ibid.  Ixx.'lo^.-^ 
H.  Major.  />.m  chnn.  IxiffOraforiu?»  drr  Univ.  Chrixtiania,  1854,  p.  84. — Gm.  xii. 
307. — Gorli.  iii.  33r>.)— This  aoid  Mas  first  obsened  by  CliPvrenl  among  the  product! 
of  tho  deoomivwition  of  indigo  by  nitric  acid.  (Jerhardt  obtained  it  by  treating 
salicylic  a^-id  with  fuming  nitric  aciil.  Tiria  und  Major  have  shown  that  it  "is  formed, 
together  with  h»»licin,  by  the  action  of  col«l  dilute  nitric  acid  upon  salicin. 

Prcpttrafion.-l.  Vnnn  nalicylic  acid.— Fuming  nitric  acid  acts  yiolently  oo 
s:ili''ylic  acid,  con viTtin^  it  into  a  rcddi.ih  n-.^inous  mass  ;  and  on  removing  the  excels 
<»f  nitric  acid  by  washing  with  cold  water,  and  dissolving  tho  residue  in  boiling  water, 
nitrosalicylic  acid  is  dci)osiitpd  in  delicate  yellrjwish  needles.  It  may  also  be 
prepared  by  gently  hwiting  salicylic  acid  with  very  dilute  nitric  acid.     (Oerhardt) 

2.  From  indigo.— AVhen  indigo  is  gradually  addwl  to  boiling  dilute  nitric  acid 
dilutcil  with  10  to  15  times  its  weight  oi'  water,  a  solution  is  formed  which  on  cooling 
deposits  nitnxssilicylic  acid  ;  but  the  product  ri-quircs  to  li**  purified  by  spyeral  crystal* 
ligations,  or  by  transforming  it  into  a  lead-salt,  and  decomposing  the  latter  with 
Bulphydric  acid.     (C  h  e  v  r  c  u  1,  IJ  u  f  f,  M  a  r  c  h  a  u  d.) 
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viTv  liit'or.     Its  jb'luiions  impart  n  pii>ist<nt  yellow  colour  to  the  Bkin.      It  ini>:ltjs  at 
a  iniMliTitc  ti-rii]-<T:itMri-.  vihrii  iMiitiuMsly  h*-at(H{.  aii<l  suMimos  without  altrration. 

I»iniiriis.ili"-ylii'  ii  i«l  |iri'.liif«'>  a  ilft  p  c-hr-rrv-PMl  coXuur  with  _ftTric  salts.  Strong 
vitrir  wid  :it  tin-  Imiliiii:  lu-at  quirklv  coiiviTts  it  into  picrie  acid  (hence,  in  preparing 
it  fruni  popliir  »'XTr.ft.  tin*  liial  iiiu.-T  !»•  ko[«t  low).  Oil  of  vitrifd  dif^olTes  it  at  W 
tomiM'nitun-''.  and  \v;itrr  si  p:ii':iti>s  it  t'roni  thr  solution  unaltered ;  but  tho  mixtun 
mrl  on  i  ■*♦••«  whiii  luMti-tl.  Wlmi  InatiJ  with  hifdrtichlnric  acid  and  chlorate  of  poiet' 
f'ii'.'i,  it  \!i  I'liiiviTtL'il  into  pi'ri'hicn.H^uinoiu». — ChlorUle  of  fime  does  not  attack  in  the 
(">Iil  :  Ixit  on  hiatinu:  thu  niixtun',  u  violent  action  takes  pluco,  resulting  in  the  fomu* 
ticn  of  olili^rripicrin. 

Di tilt rn.tal i'  ,j!ntc!'. — T'initposalicvlio  arid  forms  nnttral  ttalts^  C'lIOI'iNtV^)" 

iii<  flt.lv  vi'llow.  .».parin;:]v  stilulil«\  aiul  ili  tonate  violj*ntlv  when  heateil. 

TliL*  a  ,sn,i"u"jn-.'^ti'f,  l.''H'iNn*)(N<»«/'0\  is  pumIv  obtaiuMl  by  dissolvinc;  thr  »ci«l 
in  nnimi>nia,  anil  s«  ]<:i:*:itis  i>n  i. vap<.jrat ion  in  .small  uoihIU'S  of  a  fine  yellow  colour. 

J'.  t-'.<.si"„f-jiiif/.<.  Th'"  u'ht.'itJ  or  (h'jH.ftissii'  fta^f,  C'H-K^j NO' )-<)',  is  producf-d  when 
niitliyl-nitri^niii-vlit.'  uimM  \*  ilri-iini{Kisir<l  liy  boiling  with  t-xn-ss  of  strong  |>ota!fli-Ier. 
It  fiirnis  l»cantit'nl  nii»  llos  having  a  splnuliil  vcllowi^h-rKl  colour  and  Mitinv  Ia«ti^. 


ililnti'  nitrii'  acid  (Cji  lii>nrN».  crystallisis  in  small  lomon-y«-lUiW  prisnii«;  ¥•■17 
h|i;iriM:ily  MiInMr  in  odil  w.ilir;  insoliibli*  in  alcohol  on-thor.  It  ili^solve?  vervPHidilT 
inalkaIin«li«]uiiU.  ami  is  pn  cipitati-l  tlii-n  from  l-y  arids  (Stf-n  house).  It  dfpo»it:*  th« 
friT  arjil  wlnn  b"il»,l  with  •?ln«np  li\.in»(']ili.irio  acid.  It  dissolves  in  slightly  heated 
oil  of  vitriol,  and  »]i»-  S';luti<»n,  on  boin^  niix<'<l  with  wator,  de{H>>its  the  neid  in  crvstil- 
liiic  laniin-f*.     Ir  dctunatts  on  irluwinir  coals,  bnt  not  po  strtmjrly  an  the  neutral  salt. 

The  itVuU'fOfii:-  *v///.  C'lI^NiU  N<.)-.i'0\  obtainttl  by  neutralising  the  aquoous  ai-iJ 
witli  i'arl"tnatc  of  s^i-liuni,  forms  i"Tn:ill  spicnlar  rrvdtals  or  yellow  shiniii<r  neediri^ 
innri-  sciluMo  in  wat«»r  than  tho  pot:issiuni-.'*a!t. 

liani'm-saltf.  Tho  vftml  .<nU,  C'*H-Ua''j  NO-  rO»,  is  obtained  bj-  adding  a  l«oilinu 
h«»luiion  of  i.Mii»«tii:  l«:ir\fa  to  a  hoijin-;  .solution  oi  the  neid,  as  long  ns  the  result! njji-re^ 
cipitati*  rt'dissolvi's  on  a^iitation.  Tin*  fdfrat*'  tlien  on  Cf»oling  dopoi^its  small  gmiiular 
cTy»irals.— Thi'  c« /(/-/-"/^  (.''•ll"lJa"(N<>-i*n*,  is  ohtainetl  us  a  y«'lli)w  precipitate  on 
jt'liiiiiL'  liaryta-wator  in  excess  to  dinitr-walicylic  acid.  It  is  crj-stalline,  and  very 
bli;jhtly  so!ii''l«»  in  1  •■.»!] inir  w;it«T. 

The  /iin'-yti/f  i-,  vrrv  spariiiudy  .«oluli1i»  in  water. 


The  >/-'*•  r-!<ii/f,  (''■H=*A:riN<»-i*)»,  is  ol-taiin-d.  in  small  pranular  ver>-  sliphtlv  so^cW* 
)>tal<,  by  suturatini,'  a  hot  dihiti?  eolutiou  of  the  acid  with  carl>ouatc  of  bilvcr. 


O Jtij Siixli  rylic  Aci i1  .>. 

Oxysalicyli**.  arid.  f'-II'-O',  an  I  dioxy^alirylic  acid.  ("H'O*,  arc  formed  by  tlie 
action  of  boilinj:  p«)ta->h-lfV  on  niuiio-  and  di-iiKle.salicvlie  acid  n.*Hp*^ctively  (iv  320- 
v.   l."iS).  *  '  \    •  ' 

SA.X.ZCTXZC  AWHTSRZSBS.    (Ocrhardt,  Ann.  Ch.  rhvs.  [3]  xrxrii.  322.) 

-  Wlu-n  dry  falicyhiti-  of  sodium  is  tnatnl  \\ith  j»hosj)horio  oxycFdonde,  hydrochloric 
acid  i.M  I'vulviid,  ari.l  two  pn.Mlucts  are  formed,  both  containing  the  elomenta  of  sali- 
cvlic  uoid  minitH  water,  viz. :  - 

(r-iPO)") 

Di.-^alicylio  acid,  C'lI'^O*     =     (C'JI'(),"[  0«     =,     2C"n«0*   —   H«0 

W       I 
Salicylide  C'H'O^       =     (CTI^UfO  ==     C'llHy     —    H«0. 

The  formation  of  th.so  conip-.iTuils  may  be  rejiresented  by  the  equation  : 

4('MPXaO>   +    I'lTO      =     (•'•H'oO'^    +    'IdVO'   +    NaCl    +    2I1C1    +    PXaW. 

The  pn>ducl  of  the  reaction  is  a  hard  ma.ss.  which,  vrhen  lientwl  with  water,  in  con- 
verted int4»  a  vi^«.:ous  Kidjstanc^;  .«ohii,h.  i„  hoilin;!  alcohol.  Tlio  nlcoholie  solution 
on  cooling  deposits  di.salicylic  acid  in  the  form  of  a  thick  oil.  which  wry  slowly 
sohdilieM,  and,  when  treated  with  builiiiu' water  or  with  alkalis,  is  convert  eii  into  sal  ie>'lic 
aci«l.  JJoiling  eth*. r  dis.solves  it,  an.l  l.-ave.s  it  on  evapor.uion  in  the  form  of  a  plastic 
mass.  ^ 

If  .salicylic  acid  be  repanh.-l  as  moni>baKie,  and  repri»fk-ntid  by  the  formula 
C"IPOMr.O,  disalicylic  acid  will  he  its  anhydri«l...  (C'lPO^H),  which  is  tho  view  of 
its  eomi>o»ition  taken  by  (b  rhaMt.    In  like  manmr,  the  a»mfK)unds«  now  denominated 
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into  nwr>ivl-nifro«:ili<'yli'*  ^r'A  :  It  n  mixture  of  fuming  nitric  aeid  nnd  oil  of  Titricl 
ii.Ni  mt  rfiv^-liniTr-jsr.ii.'^!:;  :i'il.  or  bv  Iciiijrtr  action  into  methyl-trinitrosaliovlic  acid 
((*:ili«iur-  . — 'J.  lir  .-I  t  :i:«)>-l  l>y  <im|>«i  to  mfthylsalicylic  acid  cani!i*8  conndfrraljle 
ri-t'  rit  f^nii-tTiturt-  aul  «^ro!u*i'>n  i't'hy<!njlin>mi(;  Hoiil ;  the  mass,  'which  solidifies  ca 
orMilin^.  r>  •:ir.Liii''niftliyl-l>rx>:!iii«alioylicanil  met  hylnlibivimosalicylic  acids,  the  proportiotii 
v:inii:j  ii'-'iT-'iinj  t-.>  ihc  •^imntity  uf  bnimine  U8«*d.  Chlorine  fomifi  simibir  product!, 
tlip  iji.iii'.tiTy  K'i  hy<lr<<j<^n  r«-plao*^i  nt'Tor  ezcet^hnc  2  at.,  even  in  sunHhine  (Procter, 
Ta  hi^urs  ..— 3.  }*'  .,%;rh'-ri'!»  *•/  jtk*»*yh"rtts  K\^BX\tAtJ\\\y  on  the  acid,  forming  nli- 
cylic  clilort»hy«ln»t*'.  nifthylic  chloride,  and  phosphoric  nxjchloride: 

c-ii*rnM>»"i-  ivi»   «    c'h»oh:i  +  cH"a  +  POCi». 

For  \\\v  nsult*.  itl-taini-l  l-v  Ci"»up*»r  and  l«y  Kokule,  sea  p.  164. 
4.  With  till' tAA.W./#j«  tf  ^-.iSi'j^f,  cHinyl.  and  succinifl,  methylsalicylie  acid  fr>iia8 
bi-iizoii',  I'liniylii-,  ur  siULviuio  nirthylijalicylati-,  together  with  h^'drochloric  acid,  r.</. : 

r}i»irii«)n'    +    nfH>a     »     c*h«(CH»xc'U*0)0»    +    hcl 

>li*tli}l*.-ihriiic  IWnioic  Bcniolc  methyl- 

AC  III.   *  rhiuiiiie.  MlicfUte. 

a.  Iiy  pfttash-Uff  m'  tliyl-.dii*}-!!!.'  acid  is  rew>lT(^],  after  A  fev  hours  at  ordinary  tempt- 
Rituivs.  iiiiiiiinliatily  whi-n  Iitaird.  into  (>ali(*ylic  ueid  and  methylic  alcohol  (Procter, 
Tall  on  r>). — 6.  Ili-atrd  witli  anliyiirnuss  fmrifUu  it  yii'lds  carbonate*  of  boiriom  and 
aiii><i]. — 7.  With  a,HiJf»ia,  cither  ^aii«n>iui  or  alcohoKc,  it  forms  salicjrlaniic  add  aad 
mt-t hylic  alcohol : 

(C-IW)-)  H'      >^-  ^jj 

n     \  u     ^^        ^  y 

8.  Wlii-n  pit'cos  of  ]f-fn *fi 'Oil  an^dropfrd  into  ra<'thyl5.i1ic}-lic  acid  heated  to  between 
30°  aiiil  0O-,  the  tHmjHTJitttivrisi**.  ca>  is  I'volvtHl.and  after  the  addition  of  a  conaider* 
ablf  (iiiaiitity  of  i>«ita.-siuni,  thf  nias>  soliditiis.  even  if  kept  at  105°.  Soon  aftcrwaids 
it  taki  N  tin*  and  lvavt.'5  a  black  tk  ^iduc.  In  one  uzperimeut  salieylol  was  pKdueeiL 
(CahoUF!).) 

(rirov> 

3rtthvUalit'yIatr>,  CIPMO"     =      CIP     'o«,  the  formiils  bcinff  douLM  for 

31      J  * 

diatomic  metali*. 

TI»p/»«'/«/A*//fi//-/'<f/^  Cr*lI'KO*.  is  obtaini^l.  l-y  a^itatinc:  strong  potash-Iej  with  ezcen  of 
nii'thyl^alirylii* aoiil.  in  ]H>arly  soaKs,  which  may  W puritiod  by  watihincr  with  tbeFmallei 
jx)>!<i*blr  quantity  of  n»M  wattT.  j»r»'^f.upi»  bi  twii  n  bibnluus  paj>er,  polution  in  absnlote 
alitiliol.  and  •vnponition  in  rticim.  If  then  torms  extremely  delicate  white  needle*, 
Iiaviu^  a  stmiii:  hiMro  andrrsmiblinsasbosiusiCahonrs):  Bix-aid(Kl  plates  (Procter). 
It  irt  verj*  s«)hibb'  in  water.  aliNih'»l.  auil  t-tlur,  iMlonn*  ferric  Mlts  ]>DrpIe,  and,  when 
heatt^l  in  the  moist  state,  pive^  o!^nll•thyl-al^^•hl^l,  ami  leavifi  palirylate  of  potasano. 
The  i^Hliuiii'SoIt  p»*i?emble^  the  j'otas-inm-s^lr.lmt  !•.  Ie«<s  soluble  in  water,  SKubol.  and 
etli«T. — The  fnirii'nt'Sfilf,  ( ''*Jl'*Jla''0'*.H -I ^  .separates  in  crystal lin«>  scales  on  gradnallj 
Hdilin^  methylMtlieylie  acid  to  hut  baryta-wati-r,  and  leaving  the  liquid  to  cool.  By 
dry  distilLitiou  it  is  reH>lve<.l  into  ani&ol.  carbonate  i>f  barium,  and  carbonic  anhydride: 

C'-jr*iJa''()»  +  n-o    =    L>c'-ii'o  +  CsiTo*  +  co«. 

The  potussium-salt   fomiH   precipitates  with   the   eah;*  of  lead,  copper,  silrer,  a&d 
mercury. 

JS't'utraf  mfthuhalu'^ic  ftherf^ — i.e.,  compmn-.d-?  in  whii'h  the  b^sic  hydrogen  of  roethrl- 
ealieylie  acid  iHrepl.oeed  by  methyl,  ethyl,  amyl.  &e.. — are  obtaiuml  by  heating  raethyl- 
8alieylate  of  iK>tas«iurn  with  ioili<lo  of  nietliyl,  ethyl,  or  amyl,  in  8e;iled  tubes.  TTie 
•mfthf/l-i'ompiwntt,  C'IP(C1P)*<)'.  boil»  at  2  Iti^*.  the  <ilt/f-<ttwjHOind.  C'1I*(CH'XC*H»)0*, 
at  202",  ami  the  amyl-romixmni!  al»ove  300=*  (Ca hours,  Com pt.  rend,  zxzix.  2.>6). 
Aci-ortliiip  to  CahourH,  these  ethers  am  re,*)lveil  by  Iw^iling  with  potash  into  salicylic 
aeid  ami  alcohols;  but  aoci^nlin^xto  (i  riibe  (Ann.  Ch.  Plwrm. cxxxvi.  124\  themetfaTl- 
compmnd  thus  tri-ated  is  converteil  into  met hoxysalylic  acid,  C^U*(CH*)0*,  and 
the  ethyl-compound  into  cthoxysalylic  acid.     (Sei-  .Sai.ylic  acid.) 

(C^IPO)") 
BtTtcoic  mcthyhalictfhrtr,  C"H'=()»      =       (?1P     lo-,  is  obtained  by  heatine  equal 

C'iPO  ) 
parts  of  methylsulieylic  acid  and  elilori'b;  of  bi-iizoyl.  as  Ions  as  hydrochloric  acid  con- 
tinues to  escape,  washing  the  fnacious  ^i-hmlly  cry '-t  a!  Hsinfr  product  with  potash-ley, 
aiKl  crystal lisinjy  fmm  alcohol  or  etlu-r. — It  crj-stallises  in  obliqne  rhombic  prisms 
having  a  splendid  lustre.  Tiny  remain  unalten-il  in  warm  water.  Whenheatwl  with 
caustic  potash,  thoy  are  strongly  aitack»Hl,  and  give  otV  an  aromatic  oilon^ ;  and  on 
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[(rH»(NO«)0] 

Mkthyl-.vituo.salictmc  Acin,  OII'XO*  -  CH«  ^0«.    Lidig^lvft 


H  ) 


of  ^hth^Jtue.  (Pa hours,  Ann.  C'h.  l*hyti.  [3]  x.  345.) — IVoduced  by  adding  fnmio^ 
nitric  uoiil  to  mithylKalivylic  acid,  cooled  so  that  no  spirting  may  take  pYnce.  The 
liquid  thon  quickly  suliditicNiu  a  or}'Htu]]ine  masi»,  from  which  the  free  nitric  acid  nuj 
lif  i'Xtnu't«'d  hylfoilin^  wutf-r;  and  the  product,  purified  bj  two  or  three  crystAlIiMtif-ui 
from  aUt'hol.foriii.H  Vi'iy  duIicutcydlowiAhnepdlfa,  which  melt liet ween  88^and9^, umI 
iiiuy  for  thr  moift  part  \tv  vwlatilist-d  without  det'ompositiun.  It  \h  T«-ry  slightly  tsolnble 
ill  viit'T,  easily  hulublr  in  lK>iliii^  aUttkol.  I\*taMh  and  g^/da  likewiMe  diMtfolre  it  fiMlT, 
Iwriniii;:  ni*-th.Yl-nitn»KtlirylateK  ;  ammonia  ultimar«*ly  converta  it  into  uitruAnlirTbinuc 
ticid.     lioilin^  potuhh  dtH'om^KJSti*  it  into  mot  hylic  aIit>hol  and  nitrefAlicjIic  acid. 

WIkmi  t'uiiiiii^  nitrir  arid  in  slight  4'xofSM  in  jipradually  added  to  mcthyl-nitrusaliorUe 
nfid.  a  brisk  actiun  tiikcs  {daci',  and  a  djirk-rc<i  ttolution  is  formed.  If  the  mixlun;  b« 
not  (•(X>]«><I.  hut  p-iitly  hi'utid  at  tlii>  la»t,  tiic  liquid  bcconiea  turbid,  and  depositadn^ 
of  oil,  \i]ii<'li,  if  tiif  lii-at  W.  dist'ontiiiuiMl  aH  i>oon  as  they  ceaae  to  iucmiAf.  form  a 
yt'llow  ri-s)iiiiU!>  mass;  and  thi»  bubotancc,  wlion  diHwdvvd  in  hot  alcohol.  ai'f«nt«^ 
almost  (iiniph'ttly  on  ctM^ling,  in  palr-yvlhiw  uo«iil«rs,  which  molt  at  95^,  and  form  c^ 
ciMjliiig  a  yclluw  radialt'^l  niasa,  which,  if  carefully  raisetl  to  a  hiifUfr  tem^XTatOK, 
hubIi!iM>>  ill  [>alo-yi-llow  sh-ndi-r  nci'dlcH.  It  dinf^olvcs  sparingly  and  with  flight  ouloar 
in  oi'lil  wat«T,  aiivl  more  ulmndaiitly  in  hot  water,  whenor  it  f«4*parat«.-zt  in  long,  ^leader, 
m-arly  culonrh-ss  I'rystalsi ;  it  disM>lves  als<)  in  alcohol  and  ether,  es'i>ei'i»illy  when  boL 
Ni  ither  thf  aquoi'U.s  si>lntion  nor  the  iicii!  obtained  after  dtH*<mi]Kisition  with  pat&«ii 
redd*  ns  tVrric  salts.  Thf  erysUls  contain  43-40  per  cent.  C\  9'o7  N,  and  3  28  II,  Aod 
an-,  thcn'fore,  a  mixture  of  nietliyl-nitn»salioylic  and  mK  hy  l-<li  nit  rasa  1  icy  lie  tiM* 
vTahtturs).  Procti-r  obtained  a  similar  substance  by  boiling  winter^rci-n-<Ml  with 
nitric  ai-id  of  .fprifif  gnivify  1"14. 

M  i:thtl-I)ixitkosalicylic    acid,   C*II*X-0^  :«  CH*  >0*.    Acid€ 

H  ) 

gauUhiriqvr  hhiitriqut.  SitUct/iatr  th  nuthyliue  hhiitriqur.  (Cahoura,  Ann.  Ch-Phvii. 
[3]  XXV.  G.)— Winn  nirth\ls;iliey]ic  aciil  is  dn»pind  into  a  mixture  (if  funjinj;  nitw 
a<id  and  fuming  oil  of  vitriol  kept  cool  by  cold  water,  a  clear  dark-orange-cf)]ouKd 
liquitl  is  produoetl.  As  scju  as  the  dnips  of  niethylsalicylic  acid  cease  to  dissolve,  i 
small  quantity  nion.' of  nitrrjsulphnric  acid  is  added,tht!  mixture  sliukeu  tiZlrh«>  Mluti^D 
is  LMmplrte,  and  the  liquid,  after  sumo  minutes,  diluted  with  eight  times  the  quantity  uf 
watt-r,  wlienaipou  tho  m»rhyl-dinitrosalic>'iic  acid  sej^rates  out,  and  may  be  ci^-stsi- 
liM'tl  from  solution  in  boiling  ahohol.  The  aqueous  mother-liquor  contains  mt'tfayU 
trinitr«)saHcylic  aeicl. 

MrthyUiinilru.'^ahcylic  acid  forms  yellowisli-white  crvptalline  scalefi,  which  become 
nearly  colourhss  aftrr  two  crystullis*itions.  It  is  heavn-r  than  water;  melts  hetwe<»tt 
124'^  and  12;')",  forminpj  a  pale-yillowish  liquid,  which  solidifira  in  a  fibrous  ma-rs  on 
r<K)Iini^,  volatilises  conij»lett-ly  when  carefully  hetiti'd  in  a  retort,  and  suMimt^  in  very 
dflicate  sliinin^  lamina*.  AViicn  suddenly  heated,  it  detonates,  and  decomposes,  girinj^ 
off  a  thick  black  sniokf,  and  leaving  a  nirliHiaeiNiiM  rcnidue. 

The  aciil  ia  iu'^uluble  in  water,  even  at  the  l»oiling  heat,  nearly  inK>]uble  in  cold 
flr/c«7«;/,  but  c:wily  »olublo  in  l»oilinir  ah'ohol. 

Ii  dis'iolvi's  in  gently-heatid  oil  f/riftuof,  and  is  pr«*cipitatod  ther^f^om  by  water  in 
nearly  colourless  scales,  haviii;:  a  stn>ij«:  lustre.  Tlu'  solution  in  oil  of  vitriol  gives  off 
carbonic  anhydride  between  T*"*^  and  fto-"  :  if  it  Iw  ^'rjidually  heated,  and  too  greats 
rise  of  ti-miMTsiture,  prevented  by  fn^juent  immersion  in  cold  water,  a  oolonrleiis  liquid 
is  formed,  which  is  nnilenKl  turbid  by  addition  of  a  largo  qtmntity  of  water,  and  oo 
cooliuK  yields  small  shining  neiillts.  whieh  dissolve  readily  in  boiling  water* or  alco- 
hol, and  crystailiso  on  cooling.--  If  thr  solution  in  oil  of  vitriol  be  heatei!  somewhst 
more  quickly,  or  above  100 ^  the  liquid  turns  red  anil  ultimat«>ly  black,  giving  off 
carbonic  and  sulphurous  anhydrides,  and  di'po>it.s  bnown  Hakes  when  mixed  with 
water. 

Methyl-dinitn)Bjdicylic  acid  dissolves  without  decomposition  in  fuming  nitric  acid  at 
teiiipi.raturc»  between  30"  and  40®.  and  is  reprecipitati-d  by  water  in  its  original  state. 
The  solution  in  gently-healed  nitromuriatic  acid  d*|^i8its  on  cooling  needles  of  tho 
unaltereil  subslauee. 

I5y  continued  Unlinp,  either  with  fuming  or  with  commercial  nitric  acid,  it  is  com- 
pletely dfcomposed,  with  fonnation  of  picric  acid.  By  the  ctmtinned  action  of  a 
mixture  of  nitric  and  sulphuric  aciils,  it  is  converted  into  methyl-trinitmsalic}-licacid. 
By  boiling  with  strong  potushAci/,  it  is  resolved  into  mcthylic  alcohol  and  dinitro- 
balicvlic  acid. 

Methyl-dinitrosalicylic    acid    forms  ailts    containing    C'n-M(N0*)«(CH*)O".      It 
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Ethyl-dichlorosamcylic  ACin,  C'H*C1»((?H*)0»,  i§  produced  by  yasriag 
chlorine  into  <  thylsalirvlic  aciil  hrattil  ()vi*r  a  wuter-bhth.  The  solidified  uum 
obtainoil  at  the  t>n<l  of  tho  r^'aotinn  in  purified  by  prvMiure  between  bibulous  paper,  and 
one  or  two  cry tftallisat  ions  fn^m  akviliol,  whence  it  is  deposited  on  cuolii^  in  small, 
cdlourL'ss,  shining  pl.-itrs.     (Cuhuur8,  Ann.  Ch.  Phys  [3j  xxvii.  461.) 

Kthyl-nitbosamiymc  Acin,  OIVN'O*  -  C'H^C*H*)(NO«)0».  (Cahours. 
Ann.  (.'h.  Phys.  [3]  x.  362.) — Wln-u  fuming  nitric  acid  is  gnuiually  added  to  erhyl- 
(Hilioylii*  acid,  wliii'h  w  kept  cool,  a  ri>d  liquid  is  formed,  from  which  ^pator  throws  doini 
H  hriivy  oil,  solidifying  utter  ii  while  in  a  crystalline  mass.  The  oil  somtrtimei 
remains  liquid  for  several  dnyn.  but  immtKiiatvly  solidifies  if  a  few  drops  of  ammonia 
lire  adde<l  to  saturate  the  free  aeid.  Whi>n  the  solid  mass  is  repeatedly  washed  with 
<'xjld  water  and  dipsolvi-d  in  hot  alcohol,  the  snlutiun  yields  by  evaporation  yellow 
uilky  crystals,  which  must  be  n-jn-ati'dly  recryHtallised. 

P!)thyl-nitriHalieyli»:  arid  fomiK  yellowish  niKMlhwi,  very  mach  resembling  the  melhyl- 
<*i>ni[M>und.  It  units  in  1h tiling  wutrr.  nml  soliditicH  again  on  cooling.  Heat«-d  with 
■jMttitsh  or  nf'tlUy  it  yit'Kls  nitntsalicylic  a(*id  and  alcohol.  It  is  not  immcHiiateiy 
<li8HolTed  by  auumotht^  but  when  left  in  cont'u*t.  with  it  in  a  dosed  vessel,  it  gradually 
dissolves,  forniin;;  iiitrosalieylaniii^  :ieid  and  alcohol. 

The  acid  tliiwolvefl  in  cold  jMjta^h  or  smlUf  forming  an  cthyl-nitroaalicylate  of  tbf 
alkali-metal. 

ETHYL-DixiTR0SALicYLicAciD,C'irN«0'  =  CTl^C*H»)(N0«)«O«.  (Cahour*, 
Ann.  Ch.  Phvs.  [3]  xxv.  19:  xxvii.  402.) — Wlien  diuitrusalicy'lic  acid  is  disoiolvtd  is 
absolute  alcohol,  and  dry  hydrochloric  ncid  pis  T418Mh1  into  tno  boiling  solution,  the 
liquid  evuponited  to  one-half,  and  water  addtKl,  a  heavy  oil  is  thrown  down  which 
Koon  soliditie*« :  and  if  this  oil  be  wa^ihcil  several  times  with  water,  and  then  disdolred 
in  lioilinj;  a!«Mhol,  the  solution  on  C(.X)lin^  yields  ei^'stal.*)  of  ethyl-dinitxosalicyUc 
lU'id.  The  SMnie  product  i.s  obtainKl  by  tn'atin^  etliylsalicyJic  acid  with  nitric  and 
sulphuric  :iei«ls,  in  the  same  manner  as  niethyUolicylic  acid  is  treated  for  the  prv^pan- 
ti<jn  of  meihvl-dinitrosalicvlic  acid  (p.  IIU). 

Kthyl-dinitrosalieylic  acid  forms  beautiful  yellowish-whito  scales  and  plates.  It 
melts  at  a  gentle  heat,  and  soliilifles  apiin  in  the  cr}'8tAlline  form  on  cooling.  After 
luin^  heated  for  fomc  time,  it  remains  liquid  for  a  considerable  time  on  cooling,  and 
then  solidifies  in  the  form  of  a  rosiiL  It  forms  soluble  crystallisablu  salts  with  ih^ 
alkalis.  When  boiK-d  with  potash ^  it  is  resolved  into  alcohol  and  dinitrosaliGjlio 
jicid. 


,  C'«U'*0«  =  (CMI'/'  >0«.    (L.  Gil: 


Xtbjleao-aalkjyUe  oold,  O*W*0*  =  (CMi'/'  >0*.    (L.  Gilmer,   Ann.  Ch. 

H»     ) 

Pharm.  cxxiii.  277.') — ^Produced  by  heating  bromide  of  ethylene  with  dry  salicylate  of 
silver.  After  punfication,  it  forms  white  nei^Ues.  ha\-ing  a  fatty  lustre,  melting  at  83*, 
insoluble  in  water  and  in  cau.stic  alkalis,  soluble  in  afrohof^  and  precipitated  therefrom 
by  ether  ((rilnier).  According  to  A.  Mayer,  on  the  contrary  (Z^-itsclur.  Ch.  l*hann. 
1864,  p.  Ci2),  if  is  more  soluble  in  ether  than  in  alcohol.  The  laminae  resulting  from 
th(^  first  crystallisation  ar<*  converted  by  n.Kjrj'sfallisAtion  into  large  colourless  or 
yellowish  prisms  (Mayer).  Tin-  com|»ound  heatinl  with  ])entachlaridr  of  2*^***p^ru4 
^ves  off  hydrochloric  wid,  phoHplmric  oxyehloriilc,  and  chloride  of  ethylene,  and 
leaves  a  residue  exhibibiting  the  chanicters  <if  salicylic  anhydride.     (Gilmer.) 

(CTPO)") 
Amylaallcyllo  add,  C'=H'»()»  =  Oil  >      VO^     (Drion,  Ann. Ch. Pharm.  xcii. 

-613.) — Produc«Kl  by  tho  action  of  salicylic  chlorohydrate  on  nmylic  alcohol.  It  is 
necessary  to  oj>eRite  on  small  quantities  only:  otherwise  tho  action  becomes  too 
violent,  and  a  large  quantity  of  phenol  is  pro4iuced. 

It  is  a  (H)lourle8s  strongly  refracting  liquid,  heavier  than  water,  and  insoluble  there- 
in, Ixiilinp  at  270°,  and  havinf?  an  airreeable  oilour.  With  cold  potash-ley,  it  forms 
amylsalicylate  of  potassium.     ^Drion.) 

When  boilwl  with  p<-)tash,  it  yii-lds  amylic  alcohol  and  salicylate  of  potassium. 

Heated  with  rhiuride  of  fn-n'ct/i,  it  gives  off  hydro<?hloric  acid,  ami  yields  a  body 
which  crystallises  in  needles  (Unzoic  amylsalicylate?  Gerhardt);  according  to 
Drion,  it  yields  a  viscid  mass,  wliieh  does  not  readily  solidify. 

OJ1*0-. — The  anh^-dridc  of  salicylic  acid  (p.  160). 

C'JPNO    =    ^^''}['^)'|n.  (Limpricht, Ann. Ch. Pharm. 

xcNnii.  201.) — PnKluced  by  tho  nctirm  of  heat  on  sjilieylamic  acid  (p.  150 )l  The 
residue,  obtained  by  heating  the  acid  to  27<>°,  is  washed  with  cold  alcohol^  to  remove 
umlccomposed  Balicvlamic  acid;   it  then  forms  a  yellow  powder,  which  under  the 
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it  m-ith  an  AlkaVi,  eoncmtrating  the  Bolutiun,  and  duitilUng  St  with  dilute  snlptinrie 

Pmpfrtuf.  Sulicvh'l  is  &  ooluurli'i>8  or  reddish  oil,  havinj];  a  pleasant  aromatic 
odour,  liki;  that  of  tiittcr-ahnond  oil,  and  an  acrid  burning  taste.  It  turns  r*d  on 
rxi».-»snn'  to  tho  air,  Imt  mav  l»«  n*nd(*rKl  colourlcKfi  a^nin  by  a  aini^lA  dintilUtion. 
SiHcill.-  jrravity  -  1  173  at  nW^.  Boilinij  point,  I96-6"»  (Piria).  182<»  (Ettlingi. 
VajKmr.<l«nsity,  oI.h.  =  4-27C  ;  calc.  =  4-225.  It  Mjlidifiee  at  —  20°,  is  iDflammabl^ 
uiJti  biirus  with  «  bright  but  smoky  flame. 

Saliiylol  di»w)lvi'a  with  niod«»nito  facility  in  v^fer\  its  solution  has  no  artim 
nj>on  litmu!* ;  il  is  coloured  «le*'p  violet  by  Iftrrric  ta!t$.  Afeohttl  and  etkrr  dissolTe 
it  in  all  ]trtt]ton'um».     Thi*  f<«>lut]onH  hnre  no  action  in  polarised  light. 

Salicylol  ilecompoHcn  alkaline  carlnfiiatte^  even  in  !hf>  cold.  Caustic  alkalis  dissolre 
it.  with  formation  of  halii-ylitrs.  AVh*»n  heated  with  hydrate  of  potassium,  it  is  con- 
vorted  into  itulieylatu  of  {MjtaKsium.  with  evolution  of  hydrogen  : 

(;'n«0«  +   KHO     -     IP  +   C'H»KO». 

Ammonia  convertn  it  into  hyjlmwilicylamide  (iii.  218)  : 

3C'II-0'  +   2NH»     =     C'lI'-N'O*   +   aH'O. 

By  chlorine  it  iH  convcrtrd  into  elilnroHalicylol;  by  brvMiMC  into  bromosalicjlol. 
Itf/inr  di.««»olvi'f«  in  salicylol  without  alteration:  vitric  acid  conv€*rts  it  into  nitro- 
*iali('vlnl ;  by  jinrfnnp'd  lH>ilin(r  with  nitric  acid,  it  yields  picric  acid  and  carbonic 
aiihvdrido.  '  lioiIe»l  with  hifdnxhioric  acid  and  chlorate  oj  potassium,  it  jieliLs 
perch loroquinone  and  carbonic  anhydride  (^Hofmann): 

C'II«0«   +   5C1»   +  b»     -     C*CI*0*   +   6IIC1   +   CO«. 

By  boiling  with  acid  chromair  of  ]h>ta^ium  and  dilute  sulphuric  acid,  it  is  partly  con- 
TiTt<*d  into  salicylic  acid  (Kttlin^).  it  i8  likewine  oxidiMnl  to  i*alicvlic  arid  by 
iKiilin^  with  rvpric  nxide  in  alkaline  iM>lution.  a  ])n*cipitate  of  cupric  oxide  Leing  funned 
at  the  bunn*  time.  It  alno  rciluees  ttxidr  of  i'i/t\r.  When  ezi'Ofit-d  to  the  vupour  of 
tidphuric  anhydride,  it  iu  convcrtetl  into  a  neutral  insoluble  l>«Hly,  isomeric  with  sali- 
cvlul.  and  related  to  it  in  the  same  manner  ah  benzoin  to  bitt<-r-almoud  oil. 

CoMPorxDS  JOiD  DKWVATn'Es  OF  Salicyloi.. 
Salicylol.  as  alrca<ly  obKervwl.  is  intermediate  in  ct>ni{iot«ition  between  salicylic  acid  and 
salicylic  aldehyde  :  and  ufconlin^dy  it  forms,  on  the  one  hand,  salt^  called  salicy  lites, 

by  exchange  of  its  typic  hydrogen  for  metals,  e.g.  (^'11*0)'' j  j.q,  and,  on  the  other 

hnn<l,  crvHtalline  eomjumnds  with  acid  sulphitew  of  alkali -metals. 

These  latter  <'<>ni]>oundM  an*  obtaintnl  either  by  tiircct  combination,  or  by  the  actioa 
of  hulphun>us  anhydride  on  the  salicylites  of  the  tdkali-metals : — AmtHonium-'salt. — An 
aqiK'f^ius  H>lution  of  acid  sulphite  of  ammonium  easily  disifolves  salicylol,  forming  a 
yellow  oily  liquid,  which  after  some  hours  solidities  to  a  crystalline  mass.  The  pixxiuct 
dihsulvcH  in  hot  water,  and  separates  on  c<x>linu  in  shinini;  slightly  yellow  net^iles. 
When  ex{Kwe<l  Xo  tJic  air  fur  suuie  days,  it  changes  to  a  bruwn  viscous  maiss,  having  a 
yery  bitter  taste. 

Pidn/'Mium-sult,  Cni^O^KHSO'.-Salieylol  shaken  up  with  an  aqiieou3  solution 
of  acid  iM>tasHic  sulpliite  of  2S^  Hm.,  disKilvt-s  witlmut  colour;  ami  the  cuiturated 
solution  solidities  in  a  few  Hi-i-onds,  fonninti;  a  white  tn«K.lorou8  crystallino  mass,  which 
niav  be  recrvHtidlisefl  fn)ni  Hle<»liol.  Wlien  dry  sulj>hiin.>us  anhydride  is  pciSMteil  into  a 
cold  satunittMl  nlcohulic  soIuti<in  of  jHjtassic  salicylit*'  at  a  teni{)enituro  between  40" 
and  50°.  till  tin*  yellow  colour  disuj^iMMrs.  and  tli«*  li(jui«l  is  then  left  at  r<»!#t,  it  soon 
becomes  tilled  with  sleiub-r  n«-<'dles  arning«sl  iu  spherical  groui»s.  TIm*  com{>ouud  is 
M'hire.  with  a  pearly  lu!»tre,  and  a  faint  iniour  of  salicylol.  It  dissolves  abundantly 
in  eoltl  water,  easily  in  warm  ah'oliol.  less  easily  in  cold  nl(*ol>ol.  When  heated,  it 
gives  oil'  KulphuroUH  anhydride  and  salicylol,  leuvinir  a  residue  of  potassic  sulphite, 
which  aften^'anls  changes  to  sulphate.  The  aqueous  solution,  when  h«'ated,  soon 
lnH'omes  turbiil,  and  dejiosits  sjilicylol;  heatiil  with  aciils,  or  mixed  (even  in  the 
col«l)  wi^h  alkalis  or  alkaline  carl>ouates.  it  turns  y»ll<»w,  and  yields  a  salioylite.  The 
solution  takes  up  itjiline,  at  first  without  coloration  ;  when  it  begiiM  to  show  colour,  the 
whole  of  the  sulpliumus  acid  is  converti'd  into  sulphuric  acid,  and  the  salioylul 
is  set  fn«e.  With  bromine  the  solution  forms  sulphuric  acid  and  brumosalieylol. 
(Bertagnini.) 

Sitdiuncmlt. — A  fu^ilution  of  acid  8(Klic  sul]»hite,  auritattnl  with  a  large  qnantltv  of 
salicvl«>l.  solidifies  to  a  white  crystalline  mass,  the  solution  of  which  in  hoi 
water  deposits,  on  cooling,  sliining  crystals,  having  u  sulphurous  taste  and  odour,  solu- 
ble in  pur«'wat<.'r;  also,  with  partial  decomposition,  in  Ijoiling  alcohol.  (Bertagnini.) 
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tlif  :i(*rt!r  ni-'nl  f>rt  fi'no  in  tliA  rc:iction  with  an  alkali.      An   aqneoos  Bolation  '■' 
K»]i-\I-'l  sl.iikin  uji  M-iih  n-oi-ntly  pn-eipifatitl  cupric  liydnite,  yields  a  cupric  salixVxi: 
ill  tin-  fiiriii  t)f  u  Tiry  Ii;!lit  powiliT  of  a  gnfii  ctjloar.     Cvpric  aalicylite  hraM  i 
2'2i^-*  ^iviM  iilT  Halicylol,  lifiizoHalii'ylol,  and  carbonic  aohydridc,   IcaTing  a  rhudiir>j( 
cupric  salicylat*'. 

Saiict/fitrs  of  Tmn. — TIu'/(rrrr.w#  mH  is  obtainnl.  as  a  dark- violet  precirititf.  ^^ 
uililinir  Hiiini'iiiia  to  a  sfiliitiun  nf  fiTmus  chloride  idizkI  with  Halicjlul. — FrrncK'l. 
A  siilutiuii  of  fcrrit^  clili.iriilf.  niix«><i  with  >alicyIoI,  immcdiatfly  asanmes  a  darfc-riul-: 
ii.liiiir.  Tin-  iiiixturu  luscH  itH  itiluur  on  cxpusun*  to  the  air,  bat  recavera  it  on  afr^ 
li'Miliitn  of  salicylul. 

fial iriilitfit  'if  Lroff.—a.  ynitral.  llvccTi\\j  procipitatrd  hydrate  of  l"»d  ii 
Contact  with  ii'inooiK  halifvlol  is  (*f>nvi'rtctl  into  a  lifsht-yflloir  powder  made  op  1/ 
Kin:i]l  sliininn  s<'ali-s.— /5.A  /-«/.*/>  naf/,  C'*H'*lM>*'()*.Pb'0,  ia  precipitated  in  lyb:. 
Yt'llow  irniins,  on  mixing;  an  iiloiholic  or  aquixius  solution  of  aalicrlul  with  lm 
in.-i  tatr«  lit'  li-ad.  or  with  t!ii'  m  lit  nil  acftutr  and  ammonia.  With  an  alcoholic  «vluti^i!: 
of  salicyliil.  till-  |.rr<'ipilati'Hi  ilois  not  t,tkc  i>lac«  immetliatcly.  The  aalt  ppexnpiutfi 
in  tlii'  ciild  i*i  lliNVuIint  ut  ti>t,  but  p^dniilly  bttMjmca  cr}'stnllinc.      It  is  anhydzwa. 

Mrrt  unf-f-tfff — MjTiMii'ic  oxidi*  in  not  iittarki-d  l»y  Balic^'lol.  A  atronf;  w^lri-a 
of  iiirrcin-ic  chlorub'  pDun-d  u|H>n  Hulicyliti*  of  animnnium  furnw  light  bolky  flocks. 

Sifr,  r-jtit^f.  M'.tiiiiH-l  by  il«)uM«'  (b-<*ompoHition,  as  a  yelloir  precipitat..  whi-^!: 
mhim  blii.'kriiH  iind  ibi'i'iiipi'»iis.  "With  vi'rj-  dibitc  ^olutiuns  no  precipitate  isf-.-rrj.'. 
but  till-  hidis  of  till' vi— .t-l  liifomi!  coven-d.  afirr  alK)ut  24  hourH.  with  a  p^'Ili-Jt.  1 
ndiici-d  >ilvcr:  in  a  hot    s'llntinn  this  n-iluction  takes  place   ixuiucdiatfly.     AkjP^aa 

Hali»'vlol  rnlu'TS  uxiilr  of  «ilvir. 

7^i fii'-s.il t.  -Aipn'ous  sjilii-ylol  bhakfu  up  with  oxide  of  zinc,  forms  a  yi-I-ut 
Bohition,  wliii'h,  wh«u  ivaporatt  d  in  a  vacuum,  leaves  a  yellow  piilveruli*nt  rcjsidni:-. 

OriraAlo  derivatlTea  of  Ballcylol. — Tlicso  compounds  arc  formed  by  liif 
action  (^f  salii'vliil  on  th*-  cblnridi-H  nf  u'id  oriranic  nidiclcs. 

A.ut,.snli\fiJoJ,  CH'iP  =  (''H\('-IPn,o«.  ArrtnAaUr,/!.  (Cahonrs  Ann. O. 
rhami.  cir.  loj);  cviii.  31*2.) — Whm  iipi.il  volumes  of  Hilicylol  and  ac*»lic  ehhv^df 
nrrhi'atiil  top  thcr.  thr-niixturt-  ln-conios  vidimus  undi'volvca  larsi*  quantiti#*of  Ijy.irT- 
chloric  aciil :  ami  if.  whm  this  a«Mion  U  ovi-r.  the  liquid  lx»  hrntoil  for  Kome  hofnr«to 
UMJ"'  in  a  si'al«'d  tube,  it  yii*blj*,  on  slow  coulinjr,  brownish  priKmatic  cxTfitalH  of  acdo- 
Rilicylol.  which  may  bo  puritit-d  by  pn-sMirc  botwct-n  bibuloua  paper,  and  rop«nt(d 
cr\;^talliNaliiiii  fn>ni  alcohol. 

'A«'»  tr»saliiylol  i«  nu-tannTic  with  cimmaric  acid.  C'lPO'.H.O,  and  acctob^nvdi* 
niihvdriib'.  ('-H'O.C'JPO.O.  It  is  ins«.>lubli>  in  water,  slightly  soluble  in  ether  and  ic 
colli  alcohol,  more  freely  in  boiling  alcohol,  from  which  it  separates  almost  coinplrtfh 
in  slentb-r  needles. 

Anifoi^alicffb^lCnV-O'   =.  C'lIMC'irO")!)-,  is  produced  by  treating  salicrW 

with  chl(»ndi' of  anisyl.     ((.'ahours.) 

n,mosanr,fh'I,  C"I1"*(>'  -  C'lro^.C'JPO.  JUnzot^aHei/K  ParajniHrtft.  (Ett- 
lin«r,  Ann.  Ch.  Pharm.  liii.  77  — Cahoiirs.  /W.  Ixxviii.  228;  cviii.  312."^— Thii 
coniponnd,  nietamerii»  with  b«nz<iic  nnhydride.  (C'HH>iH"\  and  onosrlone,  is  pn>lnoeiI : 
1.  r»v  thi'  «lry  »li.-lillati'»n  of  cu[»ric  salij'vlit".  On  treatinir  the  oily  distillate,  fp«m 
which  cry>tals  have  Hlnaly  s«'panited,  with  potsishd^y,  the  IjenzoMilicyloI  remain! 
nndij-siilveil.  and  may  be  ervstalliM-^l  fn»m  warm  alctdiol  or  ether  (E tiling). — 2.  Bv 
the  action  of  bi'nzoic  chlori»lc  on  salicylol.     K'fthonrs."^ 

TM«n/.«»salicylol  crystallises  in  oblicpii-ly  bi'V<  llrd  trielinic  prisms  melting  at  127*^,  and 
fonninL'  a  |»;ile-yeilow  liijuid.  wliieh  S'.li.lilb-ji  to  a  railiatc  mnm  at  98°.  At  1R«1^ 
it  sublimes  in  lonp  nee«lles.  nnd«'eomjw»M>!,  and  without  pn'\"iou8  ebullition.  It  is 
inhobiblc  in  wat»  r,  but  dissi^lves  easily  in  alcohol  and  ether;  also,  without  dct*omf«Fi- 
ti<«n.  in  ;;inily-warme<l  sulphuric  acid.  Hot  sfi-onp  nitric  .icitl  dissolves  it  withevolntioo 
of  nitn^ns  vapour.*",  and  formation  of  picric  aciii.  With  chlonm.'  or  bromine  in  sunshiuf" 
it  fonns  crystalline  products. 

Cft)nns]tfirt/fnf,  C"ir«0«  =  C'HVC'MI'»f»0=.  0?wwrt/iry/.— Produc-rd  by 
treat  inp  salieyl»>l  with  chloride  of  cumyl.  Crystallis^^s  in  colourless  prisms,  rcscro- 
blin;^  toluosalicyl(;l.     (Ca hours.) 

Sifccinnsah'ct/Iof. — Sidicylol  tnMted  with  chh)ride  of  succinyl  yields  a  compound 
which  crvntallisis  in  odourb^s  no* dies. 

Tofu'oiialnylol,  C'^II'-(H  -  C'lI'lCTT'OiO^.  rf^i^n^rt//ry7.— Prepared  by  bentins 
to}?ether  eipial  volumes  ui  salieyLd  and  toliiylic  chloride,  pnsviug  the  resulting 
br.»wnish  ma.*«s  between  bibulous  ]iajH.'r,  treating  it  with  hot  potush-ley  and  then 
with  water,  and    cr>'stallisiu^  fp>m   strong  alcohol.     It   form£  shining,  colourless^ 
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friable,  easily  fiutiblo  prisma,  insolnble  in  cold  vater,  slightly  soluble  in  boiling  water 
and  in  cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether.  It  is  not  decomposed  by 
distillation  with  hydrate  of  potassium.  Forms  crvstallisable  substitution-products 
with  chlorine,  bromine,  and  fuming  nitric  acid.  (Cahours,  Ann.  Ch.  Fharm.  cviii. 
812.) 

Bromosalloylols.  Monobromosaiict/lol,  C'H*BrO'.  Bromosalicylotts  Acid. 
(Lowig,  Pogg.  Ann.  xxxtL  383. — ^Piria,  Ann.  Ch.  Phys.  [3]  Ixix.  281. — Hecrlein, 
J.  pr.  Chem.  xxxii.  66.) — Produced  by  adding  bromine-water,  not  in  excess,  to  an 
alcoholic  solution  of  salicylol,  and  separates,  on  addition  of  water  to  the  liquid,  in  small 
colourless  needles.  It  is  less  fusible  than  the  corresponding  chlorine-compound, 
Bublimable,  and  distils  over  with  vapour  of  water.  It  dissolves  in  alkalis,  yielding 
metallic  bromosalicylites. 

Bromosalicylol  forms,  with  the  add  sulphites  of  the  alkali-metals^  crystalline 
compounds,  which  are  decomposed  by  prolonged  boiling,  or  by  Ideating  with  acids. 
The  potassium-salt  crystallises  in  small,  colourless,  shining  needles ;  the  sodium-salt  in 
interlaced  needles. 

Dihromosalicylolj  C'n*Br*0*. — Obtained  by  treating  salicylol  with  ^excess  of 
bromine- water.  It  forms  long  yellowish  needles,  insoluble  in  water,  soluble  in  alcohol 
and  in  ether.  With  potash  it  yields  potassic  dibroroosalicylite ;  sulphydric  acid 
converts  it  into  the  sulpbydrate  of  sidphodibromosalicylol.     (H  e  er  1«  i  n.) 

Cbloroaalicylola.  Monochlorosalicyfol,  CH^CIO^  Chlorosalicylotis  Add. 
(Lowig,  Piria,  loc.  dt.) — Salicylol  is  strongly  attacked  by  chlorine;  and  if,  after  the 
evolution  of  hydrochloric  acid  has  ceased,  a  current  of  dry  air  be  passed  through  the 
liquid,  chlorosalicylol  remains  as  a  yellow  crystalline  body,  which  dissolves  in  boiling 
alcohol,  and  cr)'stallise8  on  cooling  in  colourless,  nacreous,  rectangular  plates.  It  has 
an  unpleasant  odour  and  burning  peppery  taste ;  melts  when  heated,  and  sublimes  in 
long  snow-white  needles ;  it  is  inflammable,  and  bums  with  a  green  flame.  It  is 
insoluble  in  water^  but  soluble  in  alcohol  and  ether.  It  dissolves  m  strong  sulphuric 
add  with  yellow  colour,  and  is  precipitated  from  the  solution  by  water.  With 
ammonia  it  forms  hydrochlorosalicylamide,  C"U'*C1'N»0«  ^  ZCmKilG^  +  2NH*  - 
3H«0  (iii.  219). 

Chlorosalicylol  dissolves  easily  in  alkalis,  forming  metallic  chlorosalicylites. 
The  potassium-salt  crystallises  in  radiate  groups  of  red  scales.  Its  solution  treated 
with  chloride  of  barium,  yields  barytic  chlorosalicylite^  C**H*Ba"Cl*0*.H*0,  in  the  form 
of  a  yellow  crystalline  powder. 

Chlorosalicylol  dissolves  easily  also  in  die  add  sulphites  of  the  alkali-metals, 
forming  crystalline  compounds. 

Dichlorosalicylolf  C'H*C1*0'?  is  produced,  according  to  Lowig,  by  the  pro- 
longed action  of  chlorine  on  salicylol.  On  removing  the  excess  of  chlorine  by  exact 
saturation  with  ammonia,  agitating  the  liquid  with  ether^  and  evaporating  the  ethereal 
solution,  a  soft  red  body  remains,  having  a  pungent  odour,  melting  at  25^,  and  form- 
ing red  salts  with  the  alkalis  and  alkaline  earths.  It  gave  by  analysis  39'8  per  cent, 
carbon,  24  hydrogen,  and  37'1  chlorine,  whence  Lowig  supposes  it  to  be  dichloro- 
Balicylol,  the  formula  of  which  requires  44*0  per  cent,  carbon,  21  hydrogen,  37*1 
chlorine,  and  20*7  oxygen ;  but  it  evidently  requires  further  examination. 

CyanoaaUeylol,  C«H»NO»  -  C'H*(CN)0«.— This  compound,  metameric  with 
isatin,  is  produced  by  the  action  of  bromide  of  cyanogen,  dissolved  in  absolute  alcohol, 
on  salicylit«  of  potassium.  Bromide  of  potassium  then  separates,  and  the  alcoholic 
solution  yields  by  evaporation  yellowish  crystalline  scales  of  cyanosalicylol,  which  is  a 
weak  base  capable  of  uniting  with  acids.     (Cahours,  Ann.  Ch.  Pharm.  cviii.  322.) 

Zodoaalloyloly  C'H^IO^? — Iodine  dissolves  in  salicvlol  without  alteration;  but 
by  distilling  a  mixture  of  potassic  iodide  and  chlorosalicylol,  chloride  of  potassium 
is  obtained,  together  with  a  brown  sublimate  analogous  in  properties  to  chlorosalicylol. 
(Lowig.) 

iritroaalioylol,  C'H*NO*  =  C'H»(NO«)0«.  Nitrosaiicylous  Add.  Spiroylic  Add. 
(Lowig,  loc.  dt.) — Prepared  by  treating  salicylol,  at  a  gentle  heat,  with  moderately 
strong  nitric  acid.  It  crystallises  in  transparent  yellow  prisms,  slightly  soluble  in 
water,  very  soluble  in  alcohol  and  in  ether ;  its  folution  imparts  a  persistent  yellow 
stain  to  the  skin.  It  melts  when  heated,  and  solidifies  to  a  crystalline  mass  on  cooling ; 
sublimes  partially  at  a  higher  temperature. 

Nitrosalicylol  dissolves  easily  in  alkalis,  forming  crystalli sable  salts.  When 
saturated  with  ammonia,  it  furms  a  blood-red  liquid,  leaving,  on  evaporation,  a  yellow 
residue,  from  which  potash  eliminates  ammonia,  even  in  the  cold.  The  solution 
of  the  sodium-salt  forms  a  yellow  precipitate  with  lead-salts,  a  green  precipitate  with 
cupric  salts,  and  imparts  to  ferric  chloride  a  deep  cherry  colour.  Those  salts  explode 
when  heated. 
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Nitr«*fi.'i]i«\vlMl  iinitis  with  ai^id  sulphites  of  ulkAli-metak.  The  ammonium-MiJt  don 
iv*t  ajipi-ar  to  rrysialiiso.  The  potasnum-salt  is  more  lolable  than  the  ■cM^nni'Ssh.-- 
Thf  iitHUn.O'faft,  o1  if  ill  nod  bv  dissolring  nitrosalicylol  in  a  warm  solntion  of  teA 
Kiilphitn  of  F'^diuni.  on>t;tllii«i'fl  on  cooling  in  golden-yellow  interlaced  MedlM, 
solubli'  in  wuttT,  iii:uilu1il«>  in  tilcohol. 

Sulpboaalleylol,  C^Il'OS.  Thiosaiux4,  (CahonrH,  Compt.  rend.  zzr.  4^) 
— This  body,  which  li:ii<  the  rompoHition  of  salicylul  in  which  half  the  ozy?» 
is  r«pla<*<'il  by  sulf>hur,  is  produced  by  thi*  action  of  eulphydrie  acid  on  h]f^ 
full ifvLini ill «.'  in  alo'ihulii'  Kolutinn.  It  is  a  pulvcnil(.'nt  BubsCance,  which  formi  niti 
witli  the  alkalis,  ami  colour*  fffric  salts  riolK-rwl. 

Uro,nm<iitph'*»nlh'uJ*J.  (''irnK)S,  is  obtained  by  the  action  of  ralphrdrate  of 
nnimoniuin  on  1in^riu.i<i:i]ii-yli>l,  as  a  brown  resinous  substaneis  soluble  in  potsi>h.~ 
When  sulpliydrii'  U''i«l  ^ait  is  piissid  into  an  alcoholic  aolution  of  dibromoKilifrldl 
and  wnt.<-r  i.s  thus  a>l>b-4l,  h  rt'^iinout  ImmIv  i.s  precipitated,  consisting  of  snlpbvdrac^ 
ofdibromosulphoHalifvlol,  ni«H>SO.H-S. 

SAXZCTX-SUXTBintZC  ACZ]>.   C'II*SO".   Sjn.  with  Sulpbosauctlic  Aod. 

.    CTl^NO*  -    (C-J J «or  ■'()••     (Bertagnini,77.Y*«- 

H       j 

rf)  CloithtiK  \.  303.WTliis  arid,  n'lat«'d  to  wilii*ylic  acid  in  the  same  manner  as  hip- 
I>urir  to  benzoic  and  (iii.  loH),  w  found  in  thi;  urine  after  salicylic  acid  has  been 
swallowrd.  To  prt|»sin*  it,  tho  ai.'id  urine  voidetl  aft<*r  taking  siilicylic  acid  is  erapon- 
t<Ml  ilown  to  12''  Bni.,  acidulatid  with  hydrm-hlorir  acid,  shaken  up  'with  ether,  and th« 
etli'T  iH  distillf<l  from  t!i<;  ithi-roal  i>olntion.  The  rexidue  yieldN,  by  spontaiiiiiiu 
cvajMiiMiion,  hir^^e  crystalline  no<lules,  which,  when  freed  from  tho  mother-liquur  by 
pr<-ssui-r,  dissolvi-din  iM^ilin^  wati-r,  and  tn^attil  with  animal  charcoal,  rifld  a  cztsCaI- 
lin*-  nia»<s,  consist iiii;  fur  t)ie  nii;*>t  part  of  .slrn«UT  neeiih-J*.  niixe«l  with  laiyer  needles  of 
Kilicyliir  acid.  On  hcatina  this  mixture  in  a  curn»nt  of  air  to  bt'twecn  14(1^  and  130-, 
X\\t'  salicylii*  acid  volatiliscH:  and  tlic  residue,  cr}'i<tallised  from  hot  water  containiog 
animal  chan^oal,  yields  pun-  salicyluric  ai-id. 

This  bo'ly  crystallifrrN  in  sb  ntbr.  shininc:,  crj'stallin«»  noodles,  which  whea 
obtained  fiiim  the  a(jui'<>us  solution  an*  prrouped  (Njncentrically.  It  has  a  somewhat 
bittiT  tastr,  and  a  ."tniiii:  acid  n-action  :  mi'lts  at  afx)ut  ICU^'jand  sididifios  in  thcors- 
1  alii  no  form.  It  diH^olvcH  easily  in  Ixijlin^  water  and  in  alcohol,  less  easily  in  ecld 
Avat«T  and  in  ether.     The  soluti«ins  ci>li>ur  lerrii'  salts  violet,  like  salicylic  acid. 

Jhri,)„jMniitinnif. — 1.  Jlitwri-ii  IfiO^  and  170'^  the  acid  turns  brown,  and  Ix^ns  to 
(li'<'omj«osr,  yif'ldinjx  a  siiblimati-  of  salicylic  acid.  At  antronp'r  boat,  it  swells  up  and 
jrives  off  ammonia,  leaving  a  rebidue  of  chan-oal. — 2.  "When  boiled  with  excess  of 
liaryta- water,  it  does  not  tonn  any  s;ilicylat<'  of  barium;  a  small  quantity  of  ammonia 
is,  however,  given  off, — 3.  Heatnl  for  a  short  time  with  fuming  hydrochloric  acid,  it 
dissijlvcH.  and  crystallises  out  again  unalteml ;  but  if  the  boiling  be  continued  for  two 
or  three  hours,  the  acid  is  resolveii  into  s-ilicvlic  acid  and  glycooiiie : 

ii      J  11      J 

4.  When  it  is  ])f.iled  with  wat«T  and  iH^roxido  of  lead,  the  latter  is  diicolorised;  and 
on  1  toiling  the  solution,  small  shining  needles  sejMirate  out. 

S a  1  i  cy  1  u  ra t  e s.— The  acid  de.Hjniprjses  carl.H)nates.     Its  salts  crystallise  easily. 

'n\ii  tHirh(sn-snft  is  obtained  by  dissolving  carbonate  of  Wrium  in  tho  warm  acid. 
Ah  the  solution  okjIs.  the  siilt  crystalli.ses  in  lanre  hard  j.risms,  which  becnnie  onaque 
and  giieoff  water  when  heated,  ilicn  melt  and  decomi)ase.  giving  off  ammunia  and  an 
oil  which  smells  like  phenol,  and  leaving  a  residue  of  barj'tic  cai-l»onate.  The  salt 
is  sparingly  soluble  in  (?old  wat.-r. 

CahiHm'Milt.--o.  AVhen  c.irlmnate  of  cal.ium  is  diasolvul  in  the  aqueous  acid,  the 
solution  on  ct>oling  yields  aggregated  needles,  whidi  are  sparingly  soluble  in  cobl  water 
and  in^^olublein  alcohol.—/*.  Wlien  milk  of  lime  is  added  bv  successive  small  imrtions 
to  the  wann  aqueous  aci.l,  a  solutic.n  is  at  first  obtaimrd,  which  suddenly  solidifies  to 
a  crj'iilalline  mass,  insoluble  in  Ixjiling  water. 

BAMOmmr,  CTTO^  probably     =     ^^"j{r|cK-(riria.  Ann.  Ch.  Pharm. 

Ivi.  63;  Ixxxi.  245.— IJeilstein  and  Seelheini.  ihhl  cxvii.  83.— Gm.  xii.  233 'i 

A  ciimiwund  produc.-*!  fi-om  salicin  by  the  action  of  a«-ids  and  of  emulsin  (Pi  ri  a) : 
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formation  of  a  precipitate,  conBiKting  of  the  sodium-eompcmnd  C'^H'NaO'.  A  eulmioa 
of  Niili^rcniii  in  l»i'n/.<'no  nactH  with  sodium  in  a  similar  manner,  excepting  that  tae 
]ireci}iitatt'- furnietl  iit  not  of  constant  composition  (Beilatein  and  Seelheimii— 
10.  P>  nfiichi  friiie  of  phnfphurui  converts  saligenin  into  Baliretin,  with  erolutaon  of 
hydruchluric  acid  and  phoFphoric  oxychloride  (Beilstein  and  Seelheim): 

c'H"0''  +  pcp    =    2HC1  +  roci"  +  C'H«0. 

—1 1.  S«aliginin  is  aim)  converted  into  snlirctin  by  heating  to  100^  irith  acetic  anfaydr»k 
and  ftiiiT;  also  w}i4*n  hvdnK'hluric  acid  K**iH  is  passed  into  a  aolution  of  aaUgvnin  ii 
glacial  neuticuiMd  (Ueilstein  anl  St-clheim). — 12.  Saligenin  iaattacked  hjchlfMit 
of  ff  HCtn/l,  witli  i'%'i>]uti(>n  of  liydnichloricitoid,and  formation  of  a  compound  cuctainiog 
CMI\CMIH))( )^  api>urc'ntly  analogous  tu  the  compound  others.      (L i  mpricht.) 

Cliloroaallgeniiia.  These*  coiiiiiounds  aro  produced  by  the  action  of  emnUin  <n 
till*  cH)rn^s]M)ndiiig  ehlon)Nilicius  (p.  14U).  They  arc  all,  like  saligenin  itself^  ooonrted 
into  rcsiiiuuM  matters  l>y  contact  with  acidx:. 

M'nifchfnntmilujenin^  ("J  I 'CIO',  cr^'stallises  from  hot  water  in  pure  colonriHi 
rhonilioidal  plates,  exaotly  like  saligenin.  It  dissolves  in  water,  alcohol p  and  ftfae, 
turnx  fi-rric  Halts  blue,  and  is  cluingcd  into  a  n^siu  {?  ckloroBa/iretin),  under  the  isflc- 
euci*  i»t'  aciils.     ( P  i  r  1  a.) 

J}u'hlurf>s,Kluftnm,  C'll^Cl^O-,  and  PerrhfnroMligemn,  C'H»C1»0«  are  pitMlund  io 
Iik<s  manui-r  from  di-  and  |M'r-chlorosalicin,  but  only  in  vezy  small  qnantitiei. 
(Piria.) 

ACZB.     Syn.  with  Siiictli-ric  Acm. 

C'IPO.     (Piria,  Ann.   Ch.  Pharm.  jax.  178,  189;  Ivi.  «.- 

Oerhardt,  Ann.  Ch.  Pliys.  [3|  vii.  Ill  ft.) — This  body,  which  diffbrs  from  aaligiiUB 
}>y  till-  i-Knituts  of  1  at.  wati-r.  is  prntliicfd  by  the  action  of  diluto  acids  on  saligtenio, 
or  on  saliein,  ^lucii^e  Iteing  alvi)  iv>nned  in  tlie  latter  case.  The  tramsfurmatioa  ii 
ftli'<'t'Ml  by  thr  ^nater  number  i>f  acids,  even  in  very  dilute  solution,  provided  tl» 
liquid  bo  heatnl  to  tiic  lx)llin^-{xjint.  The  suliretin  then  ri8<^s  tu  the  surface  in  the 
fonu  of  a  resinous  Inniy,  j^ener.dly  yellowi.Mi,  (sometimes  quite  white.  In  general,  the 
iiiori'  dilute  tho  acid  (sulphuric  or  hydruehb^ric)  employed,  the  purer  is  the  pnidwi 
obtainrd.  It  may  bti  further  ]iuririi>«l  by  solution  in  alcohol  and  precipitation  with 
wat^T.  A<*con.ling  to  Piria,  lOU  pts.  salig*'nin  treated  with  dilute  hydrochloric  aod, 
and  heati-vl  to  beiwi'en  120"  and  I'iU'-',  li.'tie  1039  |ht  cent,  water  (^cale.  14'o2  p«r 
cent.). 

Salintin  is  innoliibli^  in  water  nnd  ammonia,  but  soluble  in  alcohol,  ether,  and 
stronir  aeetie  acid,  and  is  precipitatrd  from  thes**  solutions  by  wuter.  Potash  slid 
wxla  likewise  dissolve  it,  and  tlie  solutions  are  not  precii»itatpd  by  vater ;  but  acids 
(even  carbonic  acid)  se]»}irato  the  ^aliretin  in  tho  form  uf  a  white  gelatinous  pulp. 
iSuljjhuric  acid  colours  saliretin  blood-red.  Strong  nitric  acid  converts  it  at  the  boding 
lieut  into  picric  acid,  without  formation  of  oxalic  acid.  By  dry  distillation  it  yields 
phenol,  wat^T,  and  a  copious  residue  of  cliarcoal. 


Tho  fruit  of  Suffsfniria  adianftfofm  (or  GingJro  hiMtd)  contaiiu, 
bi'siile>  gum,  sugar,  jh^cI in.  citric  a«"id.  butyric  acid,  &c,  0  per  cent,  of  a  fattv  oil 
which  is  extract f**!  fn»m  it.  by  » tlier.  Tills  oil  is  yellow,  has  an  acid  ri-action,  soUJifief 
in  the  crvstalliuo  state  at  <i^,  contains  a  fitty  neid,  C-*ll '*(.)•  melting  at  35°  and 
railed  bySohwarzen bach  (Jahresb.  ISoT.  p.  5'i9).  gingkoic  acid. — The  fleshy 
part  of  the  fruit  contains  71  (»  per  cent,  waier,  '21*3  dry  organic  matter,  and  1-1  ash. 
iSyn.  with  S.vni.nE. 

Syn.  with  Kthtmc  Phfinate  or  PnrjfBTOL  (iv.  391). 

(Lehmann,  I^hrb.  ii.  9. — Gorup-Bcsuncz,  Ijfhrb.  433. — 
IJidder  n.  Schmidt,  Wnhniuiujssiift,^  p.  1.— Bernanl,  Ijt^ons  Vhys.  Ery.  1856, 
vol.  ii. — 1>.  1 '. c k h a r d,  />< ifriun,  ii.  'Jn/i.-  0  r d o n s t v i n,  ihid.  p.  101 . — O e h J,  Saliva 
vmann,  1804. — Kiihue,  Li.hrh.  Phys.  (%iii.  p.  1.) 

Several  organs  -  ^-iz.,  the  panjtid,  submaxillar)",  sublingual,  and  buccal  glands — pour 
into  the  mouth  their  respeetivo  socretions,  which,  mixed  together,  form  what  is  called 
mixed  saliva,  or  briefly  saliva. 

Parotid  Saliva,  or  the  secretion  of  tho  parotid  glan«l.  may  readily  be  obtained  by 
canalizjitiou  of  thoStensonian  iluct.  The  quantity  st'creted  by  one  gland,  in  man,  has 
been  estimated,  for  the  24  hours,  at  1'4  prm.  per  kilo  of  bmly-wcight  (Oehl).  The 
fir!<r  drops,  obtained  after  introducing  the  tube,  aro  turbi\l  and  acid,  probably  irom 
decomposing  epithelium;  the  8»x?nlion  afrem'arrla  flows  clear  nnd  alknb'ne.  On 
standing,  it  becomes  turbid,  with  deposition  of  carbonate  of  ealeium,  probably  owing  to 
escape  orcarl>onic  acid.     Oeljl  states  that  the  fluiil,  iis  it   escapes  from  the  tul»e,  is 


ITfi 


SALLOW-THORN— SALT 


flcar  liquiil  w  obtained,  acting:  powerfully  on  Btarch,  bnt  free  from  albumin.  Froatb 
till?  fcniu'ijt  may  l-o  jirfci|jitttt«.'il  liy  alcohol,  fomiiiig,  when  careftilly  dried,  an  uh> 
phoiiH  {•owili-r  (Tiiixid  with  pbosphiitcn),  containing  nitrogen,  bnt  not  exhibitiiig  ts» 
xaiuliojTiiii'ic  r*'uction.     (Cohnhoini.)  ^  •^ 

I'ty.iliii  is  nmst  activo  in  a  n<-utral  or  faintly  alkaline  solntion ;  the  eddition  of  n 
aciil/or  an  alkali.  firFt  deliiyM,  tlim  arriMF,  and  finally  dtf'stroys  its  actioa.  Itisoc^ 
artivr  lit  ii  trinpiTitiiro  of  alout  35"^;  its  properties  are  vhoUy  destroyed  vhies  is 
Holutiun  ia  lx>ilcd.     The  presence  of  an  cjcccsb  of  glncoae  hinders  ita  action. 

3tF. 

■AlL&OHr-TBORV.  or  SBA^BVCXTHMUT.      Hippopkai   rhamMoiia  (a. 

lC.    Syn.  with  Sal-ammontac,  or  Chlosidb  of  AaocoianK. 

ACZO.  Siihns'tivre.  IjarhttHure. — ^A  reddish  fatty  acid,  niftinf; 
accfiitliii^  to  Frcmy  and  Valenciennes  (J.  Pharm.  [3]  xxriii.  401),  in  the  rtidM 
nuiS'-lcH  uf  v:iriou8  Kpix-ies  of  salmon,  most  abundantly  in  Salmo  udmo  and  &  Ao 

ttMt  or  BAZiBBPABZV.     Syn.  with  Sabsapabxx.t.u. 

A  (TcnuK  of  ch<nopof1iuct<ouii  plants,  growing  on  the  seashore,  aad 
frenoniUy  on  iMiils  rich  in  mmmiMi  halt.  They  yield  a  lairge  quantity  of  ash,  cfaich 
(■o^^i^tin<;  <!!'  Mxlir  rarbunati*.  on  which  aci'ount  several  spt^ics  {Salsota  KdL  K 
S(>i/a,  isir.)  are  cultivat«d  fttr  thi-  pn{>arHtion  of  natural  soda,  or  barilla.  Salsola  StM 
is  niliiyated  for  thin  purpose  chietly  in  Spain,  near  Alicante. 

Till'  aalie}<  uf  si-vcral  hperics  of  sulsnla  from  the  Kirghis  Steppe,  have  been  analned 
by  (Ji'ibrl  {Rnnr.  in  do  Sf^jijtra  dtf  sudlivkm  liu»t^andn,  JJorp.  1837  and  I8S$; 
I/tfut/n:  d.  Chun.  vii.  2(H).  The  younj:  plants  of  .Wx<i/a6rrirA*a/tf,  air-dried,  yielded  ft 
ptrriMit.  ash,  of  which  60*0  per  cent,  was  soluble  in  water;  older  plants  gave  only  18  per 
et-iit.  ash,  coutaininn:  03.5  )ii>r  cent,  of  solublf  Kihs.  Young  plants  of  8.  donate pn 
42  per  ernt.  ash,  of  which  "4  per  cent,  was  soluble ;  young  plants  of  S.  lanata  pn 
1!)'0  pfT  cfnt.,  of  wliieli  38  per  cent,  wsis  soluble  in  water.  Old  plants  of  S.  farKtM 
^av«-  7  0  ]ier  (I'lit.  ash,  containing  44 '5  per  cent,  of  soluble  salts;  old  plants  of  &  b- 
Murijtcifia  U'3  per  ceut.  ash,  containing  45  per  cent,  soluble  salts. 

Compoitlthoi  of  the  Ai>h  of  vnriov.M  Sprrifjt  of  Saisola^ 
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?.  S<Mlie  chlnridr,  xi,7-.W/,  or  comoton  m//",  the  Ful»stance  which  is  alwnvs 
d#»n<.t.'d  wht'n  tlie  worvl  "  salt  "  j  f^r.  fiAi.  Lit.  sal,  Fr.  gtK  Germ.  Sah^  \h  n^ed  without 
qualification  in  onlinary  lanjpia«:r,was  (loubrlosa  tlie  first  body  to  whifh  this  nam 
liivn.  The  wonl  wvlt  itself,  in  its  (}r.ek  f.-rm,  suflfieiently  establishes  this  fiict  - 
in  the  fi  ininine  bi-ing  used  for  tli»»  s<a,  an<l  fiXj  in  the  masculine  for  tho  solid  nrt 


name  WHS 
— fi\r 

ing  used  for  tli»»  s<a,  ami  fiXj  in  the  masculine  for  tho  solid  product 
left  wlH-n  sia-watrr  tvaporates.     In  end«»avourinp  to  trace  some   of  the  m^t   im- 

par- 

isny 

.  ,     .     f     ,.       .,      •,.  ,     ,  ':  — --""v*!.^!  iin  meaniiiff 

was  in  conni-eiion  with  th<*  I.ailinp:  idra  whi^li  tlu-etymolnpy  of  the  won!  show^  to  havs 
be<'n  ntt;u!hrtl  to  it  from  the  iHirinninjr.  This  idea  evid.Mitlv  was  very  ncarlv  what 
woulil  have  been  expressed,  in  the  ]an^'na{:rc  of  a  later  time,l»y  saying  that  sea-salt  was 
the  esHtMiee.  or  essential  prineiplf,  of  sea-water.  Accord iuKlv,  when  it  was  obsenvd 
that  othiT  waten-  liquids  yioldrd,  underthe  same  conditions  jjs  sea-waft^r.  a  solid  sub- 
stance, not  wry  unlike  sea-salt  in  apiTt-arauoe,  th«>  name  salt    was   appliod  to   thesn 


a...!  «....»  ^....  "«...»  .  .«|/wi.,,^.-.  ail  •rinif-.i^wiiiwi^  lu  irjK-e  Bomo  OT  Tile  most  11 
yK>rtant  r»f  the  steps  by  which  this  won],  from  liavinc;  bprn  the  specific  name  of  a  pa 
tieular  s«b«tane«',  has  coino  to  be  used  a>  a  ireni-rie  trnn  of  wider  appliealion  thanai 
other  in  the  whole  vocabularj-  of  irliemistry.  we  find  that  tin- first  extension  of  its  meanii 
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idra  of  an  "  tHemcnt,**  at  the  period  wo  are  referring  to,  wwm  my  diflbruit  from  tint 
which  in  ozprf»sc*ii  bv  the  niime  wonl  now.  It  had  much  Lms  rcfefvnoe  to  cpwaatiYiya, 
as  nuw  umleivtofxl,  than  to  what  woro  supposed  to  be  the  intrinne  and  fnnnimfBUl 
profKrtits  uf  material  boditni.  The priiiciplofl  recognised  ai  elementary  by  the  ehemiita 
cif  thai  a^\  diffi>r«'d  buth  in  nanio  and  in  attributes  from  the  clemente  ■omitted  bjthB 
Gre<*kH  ;  ncverthcIoM,  the  notion  of  an  element  was  still  essentiallj  of  the  same  ^[ttlity 
aa  tliat  acted  upon  b^-  Aria  to  tie,  when  ho  selected  as  element!  Fire,  Water,  Air,  and 
Earth,  on  tho  ground  that  thej  appeared  to  him  the  most  distinct  embodiments  of  Heat 
and  Cold,  Dryut^M  and  Muisture,  which  he  regarded  as  the  fhndamental  qnalities  d 
mntti-r.  Accordingly,  when  we  find  salt  spoken  of  aiL  one  of  tha  elements,  and  si  i 
oonBtitucnt  of  all  niannor  of  substances — as  it  is,  for  instance,  by  Paliss^  in  th» 
tn'Htiso  already  rtfi'mnl  tu:  **  I  tell  you  further,  that  there  is  nothing  in  this  worid 
which  has  no  salt  in  it,  wliothor  it  lie  in  man,  the  beast,  the  trees,  plants,  or  other TCgela- 
tirc  thinga,  or  even  in  the  very  metals,  &c." — ^we  are  not  to  understand  the  statement  u 
we  should  if  it  wero  mu<lp  by  a  modem  chemist,  but  should  rather  take  it  as  implying 
tliat  saline  propcrtirs  (Holubility  and  taste)  were  supposed  to  belong  in  some  degree  to 
all  Hubstiim^es.  In  partii'ulnr,  the  notion  that  salt  was  a  eonstituent  of  the  metals  vu 
clearly  notliing  more  than  the  thfordicid  conception,  in  accordance  with  the  gnenl 
niudi.18  of  thought  Prevailing  at  thi*  time,  which  corresponded  to  the  known  fact  that  lij 
various  procosKL's  tho  metals  could  be  actuiflly  transformed  into  salts  ;  for  the  eonm^ 
siun,  say,  of  iron  into  gn^en  vitriol,  was  not  then  r^arded  as  a  process  of  combinatiQQ 
of  iron  with  other  substances,  but  simply  as  a^roeess  in  wfaica  iron  was  modified  i& 
such  a  manner  as  to  allow  its  previouKly  latent  saline  qualities  to  be  manifested. 

The  name  salt  being  applied  tu  all  substances  which  were  soluble  and  possessed  of 
taste,  included  some  which  difff.'n-il  greatly  in  other  properties.  Thus,  in  addition  to 
neutral  salts,  it  inclutlcd  the  acids  and  alkalis.  As  the  properties  of  these  two 
of  bodies  became  known,  it  wa<i  gradually  recognised  that  they  were  in  many 
antagonistic,  and  ospccially  that,  by  their  action  upon  each  other,  their  distil 
characters  wore  more  or  loss  conipletoly  obliterated,  new  and  comparatively  in' 
substances  boing  gcnorate<l.  Thcso  observations  led  to  the  saboi vision  of  aalts  into 
three  cbisses,  variouslv  distinguished  by  difiV'rent  chemists.  fVom  abont  the  yesr 
1700,  the  names  by  wnich  the  three  clasM>s  of  salts  were  generally  indicated  wcrs 
talia  acidat  scdia  alcalina,  and  salia  aafsa^  aaiia  media,  or  salia  neutra, 

Tho  relation  which  had  thus  IxHm  already  partially  perceived  between  acids,  slkalii, 
and  neutral  salts,  was  made  by  G.  F.  Kouelle,  in  1744,  the  basis  of  a  general  tbeoiy 
of  salts,  which  clofselv  approximated  to  that  very  generally  adopted  in  quite  recent  timsL 
Tho  importance  of  the  step  made  by  Kouelle  was  such  as  to  make  it  desirable  to 
state  his  views  in  his  own  wonls.  In  the  introduction  to  a  paper  on  Salts  in  the 
Memoirs  of  tlic  Acidemy  of  Sciences  of  Paris,  for  the  abore-mentioned  year  [Mhu 
Acad.  Roy.  Sciences,  1744,  p.  3^)3),  he  says :  "  I^  plilpart  des  chymistes  ne  donnent  le 
nom  de  sel  ncutre,  moycn  ou  saM,  qua  un  tres-W'tit  nombre  de  sels ;  il  y  en  a  mteie 
eu  qui  n'ont  donn^  ce  nom  qu'au  scul  tart  re  vitriol6,  demandant  ponr  caraette  de 
ces  sels  que  I'acide  et  I'alcali  qui  les  forment  soient  toUement  unis  qa'ils  rMstent  a 
toute  d^mposition  ;  d'autros  ont  admis  avec  lo  tartre  Wtriol^  les  deux  sels  nentres 
formes  par  1  union  dos  acides  du  sel  marin  et  du  nitre  k  des  bases  alcali  fixes,  tels 
Bont  Ic  sol  marin  et  le  nitre ;  d'autres  y  juignent  trois  autres  sels  form£s  par  Fomoa 
des  trois  acides  a  un  alcali  volatil,  qui  sont  le  sel  ammoniacal  secret  de  Olaober  oo  le 
w\  animonuical  vitrioliquo,  lu  sel  ammoniacal  or«linaire,  et  le  sel  ammoniacal  nitreuz; 
il  y  a  eu  d'autres  chymistes  qui  ont  joint  hu  nombre  do  ces  sels  neutres  plasieurs  autres 


absorbante,  unc  substance  m^tallique,  ou  uno  huile."  And  again,  in  another  paper 
in  1754,  he  says,  referring  to  the  one  already  quoted:  "J^  £t<;ndtt  le  nombre 
de  cc'S  sels  autant  qu'il  ^tait  possible,  en  definissant  g^n^riquement  le  sel  neatre  un  sel 
form6  par  T union  d'un  acitle  avec  une  substance  quclconque,  qui  lui  sert  de  base  et  lui 
donne  une  forme  concrote  ou  soliile."  {Mem.  Acad.  Roy.  Seiencrg,  1764,  ppu  573, 
574:  see  also  Kopp,  Gcjschit'hir  der  Chanie,  iii.  68,  69.)  Ro nolle  was  not  the 
first  to  recognise  that  the  combination  of  acids  with  alkalis  gave  rise  to  neateal  salts; 
but,  according  to  Kopp,  he  was  the  first  to  declare  formation  by  the  nnum  of  aad  and 
base  to  be  th(>  characteristic  mark  of  neutral  salts,  and  thus  rested  the  idea  of  a  neutral 
salt  upon  chemical  composition,  instoad  of  upon  external  properties. 

As  a  consi-quence  of  the  alteration  which  Ron  ell o  introuuced  in  the  definition  of 
salts,  some  substances  which  had  prcviuusly  been  considered  as  belonging  to  it  (for 
instance  sugar)  were  excluded  from  it,  and  others — namely  insoluble  salts,  such  ss 
liom-silvor  and  calomel — which  had  prcviuusly  been  excluded,  were  wsw  inclnded  in 
it;  and,  moreover,  an  essential  distinction  was  made  l)etwoen  acids  and  alkalis  <A  the 
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hovpyer,  known  in  which  tho  pro8*nce  of  oxygen  eonld  not  he  directly  prorrd,  and 
amon^t  thnn  wuh  common  salt  itm-lf.  As  a  natural  conacquc'nce^  the  oonatitution  of 
Buoh  l>udip8  gave  rifM'  to  much  diHOUrision.  The  a|^lication  of  Lavoiitier's  doctrine  to 
till'  cliloriilet*,  fur  iiiHtaiiof.  cauwtl  them  to  be  regarded  aa  compounda  of  metaDie 
oxidcH  with  muriai  if  afid,  supfNjKfd  to  contain  oxygen.  Thia  was  the  view  adopted  br 
OH.v-LuNtfac  and  Thcnard  {Mntwircn  eTArcueil,  ii.  867,  358  [1809];  and 
Ji^vfunh*:^t  ji/tt/^dcttH'/iiiHupirn,  ii.  loo — 176  [1811])  as  the  most  probable  condoson 
that  could  be  drawn  from  their  invcsli^ationB  into  the  nature  of  theae  componuds,  aad 
maintained  by  BiTZrliusi  until  aliiUt  the  yoar  1820.  (See  his  Lekrbuck  drr  Cktmit, 
[lifHt  German  eilition,  1 820,  trannlattHl  from  thenecond  Swodiah  edition],  toL  i.  erpHHally. 
pp.  707—714  ;  AlHoJaftrtuftnchf,  i.  40,  [1821] :  ii.  60—62,  70  [1822J  ;  ijL  98  ll823].) 
iJavv,  on  the  other  hand,  who  never  udoptfd  verv  fully  Lavoiaier  8  riewa,  re^rded 
the  ehloridea  a8(.vim{N»uiuU  of  thn  metaU  with  AHimpIe  body,  chlorine,  oomparing  them 
to  the  Himplo  uietallir  oxiden,  and  n^pn'Meuttnl  the  aalts  known  to  contain  oxrgen  u 
double  oxides.  S|x*akin(!  of  \hvnv  HubHtanoefi,  he  saye :  '*  They  are,  in  fact,  all  con- 
]K>uudN  of  oxygen  with  douMu  b:u<»-8  ;  and  when  one  fixed  alkali,  or  earth,  or  oxidf, 
aeparattt^  anotlicr.  it  may  be  »up|M>M  <l  that  the  baais  only  ia  changed.  Thus,  where 
hydnit  of  jiotaHsa  Kt>fi:init«>ri  lime  from  its  nitric  aolutiun,  it  may  be  conceived  that 
the  ]x>tasHium  only  takes  the  place  of  the  calcium,  and  that  the  oxygen  and  wat^r  of  the 
hydmt  of  potasHa  unite  to  thi-s  metal,  and  that  the  potaaaium  unity's  to  the  oxygene, 
nitrouH  acid  and  water  of  the  Holutiun.**  {J^tmenU  of  Chemical  PWosopi^  [1812], 
p.  495.) 

The  wloption  of  Davy'a  viewR  of  the  constitution  of  the  chloridea  was  ereaTlj  pro- 
moted by  the  diNeover}'  of  iodine  in  IKll,  and  the  investigation  of  it  by  himaeu  and 
by  Gay-LuH8ac  in  1813—14,  one  of  the  fir!»t  consi^quences  of  which  was  that  Gay- 
Lu8Hac  himf«elf  bei.':ime  coiivinei'd  of  thi;  elementary  nature  of  both  iodine  ud 
chlorine.  And  important  additional  evidence,  that  ox^^n  waa  not  essential  to  the 
constitution  of  palta  or  acids,  was  affordeil  byGav-LuBsac'a  discovery  of  cyanogen, 
and  analysis  of  anhydrous  prussic  mrid,  in  1816.  In  consequence  of  thcaie  diMXiveiiei, 
a  lar^e  number  of  chemists,  if  they  did  not  adopt  Davy's  views  of  the  constitu- 
tion of  ttilts  in  general  (for  which  see  also  the  article  Anna,  i.  41,  42),  at  least  ad- 
mitted that,  in  addition  to  ordinary  salts,  which  they  regarded  as  formed  by  the  onion 
of  (anhydrous)  ueids  with  metallic  oxides,  there  waa  another  classof  salts — compriwi^ 
the  chlorides  iodides,  sulphides,  cyanides,  and  perhaps  the  fluorides — into  whose  com- 
position oxyp:en  did  not  enter.  Berzelius,  however,  held  fafrt  to  Lavoisier's 
definition  ot  salts  ("  Unter  Salz  verstehen  wir  cine  A'erbindung  einer  Sanremit  einem 
Alkiili  einer  Enlart,  oder  einem  Metalloxide :  **  Lehrburht  td.  1820,  L  817\  and 
coni'i>tently  di'darcnl  in  conseriuence  that,  if  the  chlorides,  &c  wore  constituted  as 
r<'presented  by  the  adherents  of  the  new  theory,  they  could  not  be  salts  at  aU. 
("  Daher  ist  das  salzsaure  Natron  o«Ier  Kochsalz  [welches  durch  aeine  Geschlechtaahn- 
liclikeit  mit.  aiideren  iSalzen  Anlass  K^'geben  Iiat,  das  Wort  Salz  als  allgemeine 
Benennung  des  ganzen    Salz^eschlechts  zu  gebrauchen],  der  neuen  Theorie  gcmaas, 

kein   Salz  mehr *'—  Op.  cif. — "Die  salzsauren  Sidze  siod  in  dieser  Theorie 

keine  Salze,  z.  IJ.  KoehsjJz  ist  nieht  eine  Verbin<lung  von  Natron  mit  ein«r  Siiore, 
sondem  eine  Verbinduner  von  Natrium  mit  Chlor." — Ibid.)  Berzelius  perceived, 
wliitt  most  ehemisis  of  that  time  do  nut  seem  to  have  done,  that  the  chemical  history 
of  iinline  affonbd  in  rwility  no  new  argument  in  favour  of  Davy's  theory,  all  the 
combinations  of  iodine  admitting  of  pn'cisely  the  same  kind  of  interpretation  as  the 
corn's|>t»ndinge<imiKjunds  of  chlorine,  on  the  supiXKsition  that  both  were  oxidised  com- 
pounds of  unknown  elements.  (For  his  views  of  the  chlorine-compounds,  see  i.  9(l2.) 
The  sulphides  he  did  not  admit  into  thi*  catejjrorj- of  salts  at  all;  the  cyanides,  however, 
especially  c}-anide  of  mercury  and  prns^iatc  of  potash,  could  not  be  denied  the  pos- 
session of  distinctly  saline  pnjperties.  But  even  these  substances  were  not  regardeaby 
him  us  Jiffording  conclusive  evi<leiice  that  true  salts  could  exist  without  containing 
oxygen;  for,  althou^^h  it  was  certain  that  they  contained,  in  addition  to  metal,  nothing 


combining  pro- 
portion of  oxygen  by  O  {=  8),  his  view  of  the  constitution  of  nitrogen  and  its  oxidea 
may  be  represented  by  the  follo\iing  formulae  : — 

Nitrous  acid  fanhydrona)        »     i?0» 
Nitric  peroxide  -m      JSO^ 

Nitric  arid  (unhydrous)  m     JiO» 

(For  the  reasons  urged  by  Berzelius  in  support  of  these  views,  which  were  xnainly 
founded  on  the  phenomena  attending  the  formation  of  ammonium-amalgam,  see  hia 
Ichrbuch  d^r  Chemie,  ed.  1820,  i.  225,  226;  491,  492;  613-619;  896;  810.) 


Nitropren 

B 

liO 

Nitrous  oxide 

E= 

Ii(p 

Nitric  oxide 

c- 

z?o» 
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The  circumfitance  which  chiefly  contribuU'd  to  make  Bcrzelius  at  last  receive  the 
so-called  **  chloristic  theory  "  was  Faraday'a  discovery,  iu  1821,  of  the  sesquichloride, 
})rotochloride,  and  bichloride  of  carbon.     It  had  been,  from  the  first,  one  of  Davy's 
Ktrongext  ai^uments  against  the  ezi^teuce  of  oxyj^en  in  chlorine,  and  consequently  in 
the  chlorides,  that  chlorine  was  not  decomposed  by  carlwn  even  at  the  highest  tem- 
|»eratures.     The  opponents  of  his  views  declared  that  this  experiment  was  inconclusive, 
for  chlorine  could  n«>t  be  decc»mix>sed,  under  these  circumstances,  without  the  formation 
of  carbonic  acid  or  oxide,  and  (liypothetically )  anhydrous  muriatic  acid,  to  the  formation 
of  which  there  would  be  no  tendency  unless  these  compounds  were  themselves  capable 
of  combining  together,  and  they  maintained  that  there  was  no  e^'idence  of  the  possibility 
of  such  a  combimition.   The  chlorides  of  carbon  di^roventi  by  Faraday  were,  however, 
precisely  such  compounds ;  and,  upon  the  old  view  of  the  constitution  of  «'hlorine,  could 
not  be  otherwise   represented  than   as  combinations  of  (hj-pothetically)  anhydrous 
muriatic  acid,  with  anhydrous  oxalic  acid,  carbonic  oxide,  and  carbonic  acid  respec- 
tively.    Such  an  interpretation  of  the  nature  of  these  substances  neemed  to  Berze  1  i  u s 
80  little  in  harmony  with  their  properties,  as  to  be  even  less  probable  than  the  views 
as  to  the  elementiiry  character  of  chlorine  and  iodine,  which  he  had  hitherto  opposed. 
He  afterwards  saw  a  confirmation  of  these  views  in  the  colour  of  red  prussiato  of 
potash,  discovered  in  1822  by  Leopold  Gmelin:  in  his  account  of  this  salt,  in  his 
Third  Annual  Report  (p.  98),  he  says  that  he  had  hitherto  regarded  the  reddish  colour 
of  the  bcsquiohloride  and  other  sesquisalts  of  iron  as  favouring  the  idea  that  they  con- 
tained as  a  proximate  constituent  the  red  sesquiolide ;  but,  as  a  rod  salt  was  now 
known  which  dcmonsti-ably  contained  no  oxygen,  he  considered  this  view  no  longer 
tenable. 

In  1825,  Berzelius  himself  discovered  the  sulphur-salts,  and  thus  afforded  a  fresh 
proof  that  substances  perfectly  devoid  of  oxygen  could  possess  all  the  characters  of 
salts.  In  consequence,  he  seems  to  have  entirely  changed  his  opinions  as  to  what  were 
the  essential  marks  of  a  salt.  He  now  says  distinctly  that  it  is  not  a  question  of  com- 
position but  of  properties :  "  When,  for  example,  sodiam  combines  with  chlorine,  the 
product  is  common  salt,  the  most  characteristic  of  all  salts;  but  when  sodium  combines 
with  oxygen,  it  does  not  produce  a  salt,  but  a  substance  which  acquires  properties 
analogous  to  those  of  common  salt  only  by  combination  with  an  acid.  The  idea 
which  is  to  be  connected  with  the  word  salt  cannot,  therefore,  be  deduced  from  com- 
position, for,  in  the  first  place,  the  salt  is  composed  of  two  simple  bodies,  and  in  the  second 
of  two  oxides.  The  idea  of  what  a  salt  is  must,  consequently,  be  derived  from  that 
kind  of  electrochemical  indifference,  which  chemists  have  from  antiquity  very  fitly 
called  neutrality f  and  which  results  from  the  combination  of  substances  without 
respect  to  the  elements  of  which  the  neutral  compound  is  formed."  (Jahresb,  vi. 
185  [1826].)  Berzelius*s  views  of  the  nature  of  salts  are  further  illustrated  by  the 
manner  in  which  he  classified  the  simple  bodies  in  relation  to  them.  At  the  place 
last  quoU<l  he  divides  the  elements  aa  follows : — 

A.  EUCCTBOMBOATITB  : 

1.  Those  which  produce  salts  by  direct  union  with  electropositive  elements. — 
Halogens :  namely,  chlorine,  iodine,  and  probably  fluorine. 

2.  Those  which  produce  bases  by  union  with  electropositive  elements,  and  acids 
by  union  with  electronegative  elements  of  the  third  class. — ^Amphigens; 
namely,  oxygen,  sulphur,  selenium,  and  tellurium. 

8.  The  remaining  non- metallic  elements,  and  the  electronegative  metals:  by 
union  with  the  second  class  of  electronegative  elements  they  form  acids  (and 
sometimes  also  very  weak  bases).  This  class  contains  nitrogen,  carbon, 
arsenic^  &c. 

B.  £LECTB0P08ITITa  : 

The  electropositive  elements  do  not  admit  of  subdivision :  by  combination  with 

electronegative  elements  of  the  first  class,  they  form  salts;  with  those  of  the 

second  class,  bases ;  with  those  of  the  third  class,  alloys. 

Salts  themselves  were  divided  into  two  classes :  the  first  class,  called  haloid  salts, 

included  those  formed  (like  chloride  of  sodium)  by  the  union  of  an  electropositive 

metal  with  a  halosen ;  the  second  class,  amphid  salts,  was  composed  of  those  formed 

(like  potassic  sulphate)  by  the  union  of  an  acid  and  a  base,  ana  was  subdivided  into 

four  genera — namely  oxysalts,  sulphosalts,  seleniosalts,  and  tellurisalts — according  to 

the  nature  of  the  amphigen  contained  in  them.     (See  further  Berselius,  Jahrcsb.  viii. 

137 — 143  [1828],  where  the  same  views  are  again  insisted  on.) 

These  views  were  accepted,  almost  wit  hout  question,  by  the  great  majori^  of  chemists ; 
and  they  will  be  recognised  by  every  reader  as  having  been  reproduced,  with  very  little 
variation,  in  nearly  every  textbook  of  chemistry  published  fipom  the  year  1830  till 
within  the  last  ten  years,  and  even  in  many  that  are  still  more  recent.    It  is  hardly 
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needful  to  say,  that  it  is  for  this  reason  that  we  have  discussed  Beizeliii8*s  opiniotw  at 
so  great  a  leogth.  There  were,  however,  always  a  few  chemists  to  whom  the  diyision 
into  haloid  salts  and  ampliid  salts  appeared  arbitrary  and  inadmissible.  The  most 
important  of  the  earlier  attempts  to  reduce  all  salts  into  a  single  class  gave  rise  to  the 
so-called  "  binary  "  theory,  already  alluded  in  the  article  Acids  (i.  42  and  45,  foot- 
note). This  theory,  however,  never  exerted  a  veiy  important  influence  on  the  progress 
of  chemistry,  and  it  is  therefore  not  needful  to  discuss  the  arguments  by  which  it  was 
supported  and  opposed. 

It  we  try  now  to  etate  what  is  the  idea  which  is  attached  to  the  word  salt,  as  at 
present  used  in  chemical  scitmce,  we  find  it  impossible  to  do  so  in  very  precise  terms. 
Probably  we  may  roost  correctly  define  this  idea  by  saying  that  it  implies  the 
capability  of  readily  undergoing  double  decomposition.  ("  Nous  appelerons  m/«,  on 
corps  binomes,  tous  Ics  composes  chimiques  formes  par  deux  parties.  Time  mMallique 
et  Tautro  non-m^tallique,  pouvant  ainsi  s' ^changer  par  double  d^mposition.'' — 
Gerhardt,  Introduction  a  fitude  de  la  Chimiepctr  le  Stfstetne  Unitaire,  1848,  pu  91.) 
In  its  most  restricted  signification,  the  word  salt  suggests  a  substance  which,  if  aoliible 
in  water,  con  produce  rapid  double  decompositions  with  other  soluble  substances,  or, 
if  insoluble,  can  be  produced  as  a  precipitate,  as  the  result  of  a  rapid  double  decom- 
position taking  place  between  soluble  substances.  This  is  certainly  the  idea  suggested 
by  the  application  of  the  woi-d  Siilt  to  chloride  of  sodium,  nitrate  of  potassium, 
sulphate  of  barium,  nitrate  of  silver,  hydrochlorate  of  aniline,  &c.  By  an  ine- 
vitable extension  of  meaning,  the  name  salt  is  also  sometimes  given  to  substances 
which,  like  chloride  of  ethyl,  give  rise  to  slow  processes  of  double  decomposition  with 
aqueous  solutions  of  the  salts  specially  i^o  called.  By  a  still  further  extension,  it  is 
sometimes  applied  to  such  bodies  as  acetate  of  ethyl,  or  stearin,  and  even  these 
compounds  do  not  mark  the  limit  of  its  occasional  application.  The  fact  is,  that  as 
there  is  no  class  of  bodies  known — not  even  excepting  the  elements  themselves — 
which  do  not,  under  certain  conditions,  give  rise  to  reactions  which  must  (or  may)  bo 
represented  as  double  decompositions,  so  there  is  no  class  of  bodies  to  which  the 
name  salt,  as  implying  capability  of  double  decomposition,  is  completely  inapplicable. 
The  name  is,  however,  most  commonly  and  most  appropriately  applied  to  those  bodies 
of  which  reaction  by  double  decomposition  is  the  most  characteristic  property,  and 
which  exhibit  such  reactions  under  the  most  familiar  conditions.  G.  C.  F. 


Marais  salins.  Shallow  ponds  or  ditches,  excavated  on  the 
seashore  and  puddled  with  clay,  for  concentrating  sea-water  bv  spontaneous  evapora- 
tion, and  obtaining  common  salt.    (See  Sodium,  Chlobidb  of.) 

8AXT  XhAJLSS.  Sahsien,  Inland  seas  containing  considerable  quantities  of 
chloride  of  sodium,  and  other  constituents  of  sea-water  and  salt-springs,  carried  down 
by  the  various  streams  which  flow  into  them.  As  the  water  evaporates  during  the 
hotter  season  of  the  year,  chloride  of  sodium,  more  or  less  pure,  separates  out^  an4 
the  n>maining  water  approaches  in  composition  to  the  mother-liquor  of  ordinary  salt- 
springs,  containing  considerable  quantities  of  the  chlorides  of  magnf^sium  and  calciiim, 
and  comparatively  little  chloride  of  sodium;  also  bromides,  potassium-salts,  &c. 
The  proportions  of  these  several  constituents  vary  with  the  season  of  the  year,  ao-> 
cording  to  the  temperature,  and  the  quantity  of  fresh  water  brought  down  by  rivers. 

Salt-lakes  are  especially  numerous  in  the  great  basin  of  Northern  Asia,  the  lowest 
part  of  which  is  occupied  by  the  Caspian  Sea  and  Lake  Aral.  In  the  government  of 
Astrachan  there  are  129  of  these  lakes,  of  which  32  are  worked  for  the  production  of 
salt.  Near  Kistiar,  in  the  government  of  the  Caucasus,  there  are  21,  from  18  of  whieh 
■alt  is  likewise  obtained.  One  of  the  most  considerable  of  these  salt-lakes  is  the  Elton 
Lake,  in  the  Steppe  of  Kirghis,  between  the  Rivers  Volga  and  Ural.  As  the  water  of 
this  lake  evaporates  in  summer,  the  chloride  of  sodium  separates  out  in  loose  masses, 
which  afterwards  become  denser.  It  is  very  impure,  containing  large  quantities  of 
magnesium-chloride,  which  gives  it  a  sharp  and  bitter  taste.  If,  however,  this  deposited 
■alt  remains  in  the  lake,  and  is  exposed  to  the  solvent  action  of  fresh  water  in  the  following 
spring,  the  chloride  of  magnesium  and  other  foreign  salts,  being  more  soluble  than  the 
rhloritle  of  sodium,  are  first  dissolved,  and  the  chloride  of  sodium  remains  ais  a  compact^ 
stony,  bluish  mass,  having  a  pure  saline  taste.  A  black  mud  is  at  the  same  time 
deposited  upon  it,  and  forms  a  sharp  demarcation  between  the  deposits  of  0UCCeBBiye 
years.     This  kke,  in  1832,  yielded,  40,000  tons  of  salt. 

The  following  tables  exhibit  the  percentage  composition  of  the  water  of  seveFal  salt- 
lakes  : — 
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Water  of  the  Dead  Sea. 


Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Bromide 
Bromide 
Sulphate 
Water 


of  sodium 
of  magnesium 
of  calcium 
of  potassium 
of  manganese 
of  aluminium 
of  magnesium 
of  potassium 
of  calcium    . 


C.  0.  Gme- 
lln. 

Marchand. 

Booth  and 
Mockle. 

Moldra- 
hauer. 

Boonhi- 

gauU. 

Sp.  fr. 
llSft 

Sp.  gr. 
Ma; 

(•ummor  of 
1854). 

8p.  gr. 

1-IM 

(•pring  of 

1806). 

71 

6-6 

7-8 

2-9 

6-6 

11*8 

10-6 

14  6 

6-8 

10-7 

8-2 

2-9 

31 

1-6 

3-6 

1-7 

1-4 

0-6 

2*4 

1-6 

0-2 

01 

0-01 

•         • 

•         • 

trace 

0-4 

0-2 

• 

0-2 

0-6 

•         « 

•         • 

0.03 

005 

0-08 

0.07 

006 

004 

74-6 

78-2 

73-6 

861 

77-2 

The  following  analyses  of  the  water  of  the  Dead  Sea,  in  different  parts  and  at 
different  depths,  have  lately  been  published  by  A.  Terrell  (Compt  rend.  bdi.  1329; 
Zeitschr.  f.  Chem.  [2]  ii.  415)  :— 


Dead  Sea, 


lotlMwa 


OrpCh  in  meCrea  •      .       .       . 

Speriftc  aravity  at  15^ 

Solid  retidue  lo  lUO  pu.  water  • 


Chlorine 

Bromlna 

SO»[?  SO<] 

M.iirii(^iufn 

Ciilciiim 

■*'k>diiiin 

Pi>ta»ftiui8  , 


L. 


north  of 


I  Hotth 


tbo  bland. 


Surfkce 
KMilO 
a-7078 


17fl» 
0  0107 
OOWt 

0-4  m 

0*S1M 
O-OBIM 
0-0474 


S-6708 


Surface 

l*OI7ft 

4-768S 


9-9896 
0-08S5 
0^1676 
0-S47U 

OTMJS 
0-0779 


4*7919 


Surface 

11647 

90  5789 


196^91 
0*4568 
0-O4«J4 
9-6529 
0-9094 
9- MOO 
0-8547 


•■■lor 

WadT 
MnbSk 


90 

i-isn 

90-4311 


14*5M3 
0*3940 
00369 
9  9881 
11479 
1-3118 
0-3590 


19  9153    90  7181 


Hoar  Ba* 


49 

19151 

960994 


16*5443 
0-4834 
0*0447 
4-1004 
0-3693 
9  4786 
0*9491 

94-9698 


rtro 
oaMoT 
Rat 


120 


96*9648 


16-6340 
0*4870 
00451 
41806 
0-3704 
9-5071 
0-8990 


i4-6739 


Thai 


900 

1*2300 

97*1606 


17-0493 
0*4385 
01)469 
49006 
0-4919 
96107 
04503 


95*11C1 


FhamllM 
•MCoT 

Wm17 
Mrabba. 


300 
1-9568 
97  8185 


17*4985 
0  7093 
0-0623 
41498 
17969 
1-4300 
0-4386 


95*9984 


Traces  of  carbonic  acid,  ammonia,  ferric  oxide,  alumina,  and  orsanic  matter  were 
likewise  found ;  no  iodinejj>hosphoric  acid,  lithium,  cesium,  or  rubidium. 

The  table  shows : — 1.  That  the  density  and  concentration  of  the  water  increases 
with  the  depth. — 2.  That  the  composition  Taries  throughout  the  entire  breadth.  The 
water  to  the  north  of  Sodom  contains  a  larger  proportion  of  sodium-  than  of  magnesium- 
chloride  ;  and,  as  a  consequence  of  this,  small  nsh  are  able  to  live  in  it — 8.  That  the 
proportions  of  the  different  oonstitnentB  are  the  same  at  all  depths,  the  bromine  alone 
appearing  to  increase  in  a  ereater  ratio  at  a  depth  of  300  metres. 

The  quantities  of  potassium-salt  and  of  bromine  in  the  water  are  remarkably  great. 
The  water  of  the  spnngs  and  rivers  in  the  neighbourhood  contains  chlorine,  sulphuric 
acid,  carbonic  add,  lims^  magnesia,  potash,  and  soda,  but  no  appreciable  quantity  of 
bromine. 

Salt  Lakes  of  the  Northern  AeiaUe  Basin, — a,  Oroomiak  Lake,  in  the  north-west  of 
Persia;  specific  gravity  1*555  (Hitchcock).— 6.  Elton  Lake,  in  spring  (Go bel). — 
c.  The  same  in  summer  (Erdmann). — d.  The  same  in  autumn  (Q.  Bose).  In  the 
clay  soil  of  the  shore  of  this  lake,  Bose  found  small  crystals  of  gypsum ;  small  groups 
of  crystals  of  magnesium-sulphate  were  also  found  floating  on  the  water. — e.  Bitter-salt 
Lake  of  Kigatsch,  one  of  the  arms  bv  which  the  Volga  flows  into  the  Caspian  Qe&.  At 
the  bottom  of  this  lake  thero  is  a  aeposit  of  sodio-magnesic  sulphate,  a  foot  thick. — 
/.  Salt-lake  of  Tasly,  near  the  highroad  (rom  Sympheropol  to  Eupatoria.—^.  Lake  of 
Bogdo,  north-east  of  the  Bosdoberg  in  the  Caspian  Steppe. — h.  Salt-lake  of  Tschak- 
rakttkoi,  not  far  from  Kertsch,  separated  only  by  a  narrow  strip  of  land  from  the  Setk 
of  Azof. — I.  Stepanow  Lake. — k.  Indertsch  Lake. — /.  Putrid  lake  on  the  east  coast  of  the 
Crimea,  separated  only  by  a  narrow  tongue  of  land  frvm  the  Sea  of  Azof.  The  water 
contains  a  small  quantity  of  calcic  sulphate,  and  smells  of  sulphydric  and  hydrochloric 
acids. — m.  Salt-ltUie  of  Arsargar,  the  largest  next  to  the  Bogdo  Lake,  between  the 
Bivers  Volga  and  Ural. 
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100  pts.  of  the  lakt-water  cootain : — 


The  analyies  e 

thtM  WBtPTS  wt..  ,  ... 

but  it  is  pTaUble  Hut  thixe  ulls  eiist  in  all  ult-kkea.    (Handa.  d.  Chcm.  vii.  218.) 

■AXTPKTfta.  Nitrate  of  potassiiua  (sae  NiTUTU,  ir.  69).  IHttatc  of  lodiiim 
it  often  called  Chili  Snllptrtre. 

BAKT-SAOXO&X.  The  chlorous  or  elrctronrgatiTecomtitnent  of  a  (all^  iMOid- 
ing  to  tbe  binary  theorf  :  i.g.,  CI  in  KCl,  SO'  in  K*SO*,  &c. 

■&KTS,  V01KBVc:LATinUl  OP.  Sea  NouxncuTUSa  (it.  12fi).— Tha  M' 
lowing  salu  were  denotod  in  tbe  older  langmga  of  chemigtij  bj  psiticitlar  "*"■—. 
aome  of  which  are  still  occksionallj  obtcI  : — 

Su.T  (AMMOHuru,  FiXBD).      Ciijoride 
of  calcium. 

Salt  (Ahhohiacal,  Sbcbtt)  of  Quo- 


Sulpbat*  of  amn 

Salt  (Absehical,  Kbhtsal)  of  Mu- 
auKO.     Acid  uraennte  of  polaaBinm. 

SaLT  (BiTTiB,  Catoaxtii:).   Sulphate  of 


SAi.t  (Dii-'BKTic).  A<^tate  of  potaaainm. 
Salt  (Kfsom).  Snlphate  of  magneainm. 
aAj.T(FBnBimoa)oFSn.viDi.   ChJorid" 

Salt  (FrnsLB).  Phosphate  of  am- 
monium. 

Salt  (Fusibli)  of  UsiKm.     Fhospfaate 

Salt  (Ouuhib'b).    Sulphate  of  aodium. 

Salt  (Qrben).  In  the  mineg  of  Wie- 
]inka  the  voricmrn  giTe  this  name  to 
the  tipper  atratum  of  natire  aalt.  which  is 
tendered  impurr  bj  a  miilare  of  daj. 

Salt  (Mabihb).     Chloride  of  aodiain, 

Salt  (  Habir^  AnoiLLAfaoua).  Chlo- 
ride of  Hluminiuin. 

Salt  (Mtcrooosmic).   Pho^hate  ol  ao- 

Salt  (NiTBouB  Ahhohtacal).     Nilnt« 


Salt 


r  Ahbib.  Snpcinie  acid. 
r  Beneoih.  Benzoic  acid. 
IF  Cahal.    Sulphate  of  magne- 


Salt  or  Lmhohb  (Eiskitiu,).    Acid 
oxalate  of  potaaaiom, 
Sai,t  of  SATimii.    Acetate  of  lead. 
Salt  of  Smduis,    Sulphate  of  magn»- 

Salt  of  SDamrTK,    Taitnte  of  poUfi- 
sinm  and  sodium. 
Salt  of  Soda.    Carbonate  of  sodinm. 
Salt  of  Sobul.    Acid  ouUate  of  po- 

Salt  of  Tastab.    Carbonate  of  potax- 

Salt  of  Vitbiol.    PDriSed  sniphatr  of 

Salt  op  Wibdok.  Aramonio-merenrie 
chkrids,  2NH'Cl.H^CT'.e*0. 

Salt  (Pbblatb).     Diaodie  ortbopboo- 

Salt  (Polktbrxst)  op  Olaseb.  Sul- 
phate of  potassium. 

Salt  (Shdativ*).    Boraeio  acii 

f  ALT  (SpiBrr  OF).  Hydroehioiic  arid 
vaa  Ibnnerl/  called  bj  this  name,  which 
it  still  retaina  in  commerce. 

Salt  (Sulfbubbous)  of  Stuu.  Sul- 
phite of  potassium. 

Salt  (WoKoiaptn.).     Sulpbale  of  to- 

Salt  (Womdbbfdl,  Pbblate).   JKaodio 

OTthophoefhale. 


B&KT  MVWIXKnU.  This  name  ia  applied  to  waten  which  contain  large  qoantitiea 
ofchloride  of  sodium  in  proportioD  to  tbeir  other  conatituenle.  and  are  tbeiflTore  naed  for 
the  extraction  of  thai  salt.  In  many  saltworks,  artiScial  aalt-springs  arc  formed  bj 
dhaolTing  rook-s;ilt  or  bBy-aalt  io  sea-water,  or  io  a  -weak,  solution  of  sodium-cbloridei 
(Sre  guvii'u,  Chlobidk  of.) 


SALVIA— SALYLIC  ACID.  185 

The  garden  sage,  Sal  ma  officinalis^  yields,  by  distillution  with  water, 
sn  essential  oil,  which  is  light-yellow  or  nearly  coloarless  when  fresh,  but  after  a  time 
Lecomee  darker  and  deposits  a  camphor.  It  has  an  aromatic  taste,  and  a  penetrating 
camphoraceoasodonr,  like  that  of  the  plant.  It  floats  on  water,  its  specific  grayity  varying 
from  0-86  to  0-92  (Zeller).  It  boils  between  130°  and  160°,  but  not  at  a  constant 
temperature.  According  to  Bochleder  (Ann.  Ch.  Pharm.  xliv.  4),  the  composition 
and  boiling-point  of  the  oil  vary  greatly  with  its  age,  and  when  rectified  over  solid 
potash,  it  yields  oils  dififering  in  composition  and  boiling-point.  These  oils  may  be 
regarded  as  compounds  of  the  hydrocarboD  C*H'*,  with  varying  quantities  of  oxygen 
(from  3  to  11  per  cent.).  Sage-oil  treated  with  cold  concentrated  nitric  acid  becomes 
not,  and  is  converted,  with  evolution  of  gas,  into  a  red  resinous  mass,  which  when 
distilled  with  water  gives  off  common  camphor,  C'*H'*0,  mixed  with  an  oil.  When 
sage-oil  is  dropped  into  fuming  nitric  acid  at  the  boiling  heat,  it  dissolves,  giving  off  a 
mixture  of  carbonic  anhydride  and  nitric  oxide.  If  the  liquid  be  then  distilled  with 
water,  pure  camphor  collects  in  the  condensing  tube.  In  the  formation  of  camphor 
f^m  sage-oil,  2  atoms  of  the  hydrocarbon,  OH'*,  give  up  2  at.  G  and  4  at.  H,  which 
escape  as  carbonic  anhydride  and  water: 

2C*H'«  +  O'     -     C"H'«0  +  2C0«  +   2H«0. 

Another  camphor,  or  stearoptene,  is  deposited  from  sage-oil  when  kept  for  a  long 
time  in  a  badly-closed  vesseL  (Herberger,  Bepert.  Pharm.  xxxiy.  138. — Qm.  xiv. 
899.) 

Hlasiwetz  (J.  pr.  Chem.  li.  3561  by  boiling  Tolatile  oil  of  mustard  with  soda- 
lime,  once  obtained  an  oil  which  had  the  odour  of  sage-oil,  and  contained  80*0  per 
cent,  carbon,  11-1  hydrogen,  and  8*9  oxygen,  agreeing  nearly  with  the  formula  C'*U'*0 
(80*26  C,  10'91  H,  and  8*84  0).  Its  formation  may  perhaps  be  represented  by  the 
equation : 

6(C«H».CyS)  +  8Na«0     -     C'«H»0  +   C«H»NaO«  +   SNaCyS. 

AlljHc  suU  Sag«-oU.  Sodic  pro-  Sodic  sul- 

pbocjaiMte.  plonate.  phocyanate. 

BespecHng  the  ferment-oil  of  Salvia  praterms,  see  ii.  636. 

SA&T&IO  JLCtHm  This  name  was  given  by  Kolbe  and  Lantemann  to  a  supposed 
isomer  of  benzoic  acid.  Chfozsa*  as  already  observed  (p.  164),  by  treating  the 
product  of  the  action  of  phosphoric  chloride  on  salicylic  acid  with  water,  obtain^  an 
acid  having  the  composition  of  chlorobenzoic  acid,  C'H*C10'.  This  acid  was  after- 
wards examined  by  Limpricht  and  v.  Uslar,  who  found  that  it  differed  in  crystalline 
form  and  melting-point  from  ordinary  chlorobenzoic  acid  (i.  665),  and  therefore 
regarded  it  as  isomeric  with  the  the  latter.  This  conclusion  was  corroborated  by 
the  experiments  of  Kolbe  and  Lantemann  (p.  164),  who  designated  the  chlorinated 
acid  obtained  from  salicylic  acid,  as  chlorosalylic  acid ;  also  by  those  of  Kokul^ 
(Ann.  Ch.  Pharm.  cxvii.  145 ;  Jahresb.  1860,  p.  396).  Kolbe  and  Lantemann  also 
found  that  chlorosalylic  acid  differed  £rom  chlorobenzoic  acid  in  its  behaviour  with 
sodium-amalgam,  the  latter  being  scarcely  acted  upon  thereby,  whereas  the  former  is 
easily  deprived  of  the  whole  of  chlorine,  and  is  converted  into  salylic  acid,  C'H*0', 
isomeric  with  benzoic  acid 

Salylic  acid  precipitated  from  the  alkaline  aolution  by  hydrochloric  acid,  and  purified 
by  recrystallisation  from  water,  is  said  to  form  very  small  needles,  which  under  the 
microscope  never  exhibit  the  indented  form  of  benzoic  acid.  It  is  more  volatile  than 
the  latter,  melts  at  nearlv  the  same  temperatore,  viz.  at  119^  (ben^pic  acid  melting  at 
121^),  is  much  more  soluble  than  benzoic  add,  1  pt  of  it  dissolving  at  0°  in  237  pts. 
water,  whereas  benzoic  acid  requires  607  pts.  Some  of  the  salts  of  salylic  acid  differ 
also  in  form  and  solubility  from  the  corresponding  benzoates.  (Kolbe  and  Laute- 
mann.) 

Griess,  by  acting  on  diazobenzo-oxybenzamic  acid  (iv.  293)  with  nitrous  acid,  has 
also  obtained  an  acid  isomeric  with  benzoic  acid,  which  he  regards  as  identical  with 
Kolbe  and  Lautemann's  salylic  acid. 

On  the  other  hand,  accordingtoRKeichenbachandBeilstein  (Ann.Ch  Pharm. 
cxxxii.  309;  Bull.  Soc.  Chim.  1866,  ii.  53),  the  so-called  salylic  acid,  whether  prepared 
frum  salicylic  or  from  diazobenzo-oxybenzamic  acid,  is  nothing  but  ordinary  benzoic 
acid,  more  or  less  contaminated  with  foreign  substances.  After  being  distilled  with 
water,  converted  into  a  sodium-salt,  precipitated  by  hydrochloric  acid,  and  once  recrys- 
tallisfMi,  it  exhibits  all  the  characters  of  pure  benzoic  acid ;  likewise  in  its  salts, 
and  in  the  nitro-acid  prepared  from  it. 

Oriibe  (Ann.  Ch.  Pharm.  cxxxvi.  124;  Bull.  Soc.  Chim.  1866,  i  432),  by  treating 
methylic  methylsalicylate,  C'H*(C«H")»0«  (p.  162),  with  potash,  has  obtained 
an  add  containing  C*H*0*,  which  he  regards  as  me  thoxy  sal ylicacid.CH^CHpO*, 
perhaps  methoxybenzoic  acid.    [Cahonrn  obtained  salicylic  acid  by  the  same  reaction]. 


1B6  6A  MADERA— SAMBUCnS. 

Thin  iicid  ciyvtalliHt'S  in  larfvi'  taMnt,  Mli(^htly  Rolable  in  cold  water,  eamly  nbbfe  ii 
iNuling  wutiT  aud  in  ether.  Itit  Hulution  is  utrunglj  acid,  and  doe*  not  gire  with  tent 
MiltB  tilt*  reociion  clmniL'terlHtic  of  Nilicylic  ncid.  Itmelta  at  99®,  and  is  paid j raoM 
by  diet  illation  into  carlmnic  anhydride  and  anifiol. 

Ethylit^  nictlivl8:ilicvliitt>  tntitrd  with  potash  yields^  Id  like  manner,  an  acid  oontiiD- 
iDgC»H'»0»  «' C'll\V-U*)0«.    (Oriibe.) 

■ABSABSBA  XJVBICA  rGartn.\  Vt'tktHftnnta  efNptiea  (Vahl).  AtrKoftbi 
Hiniarulmrt'uus  order  (eliiss  Tcrrtnnfhactte),  arrowing  in  Jht»,  and  called  by  the  3UIan 
(rti/tp  Piihit.  The  iiimond-Hhupcd  fniits  (which  are  enclosed  in  leatlieiy  capBiiIn)  sid 
tli(^  lutrk  an-  distin^iiisiuNl  by  a  pecixlinr  intensely  bitter  taste.  Acooiding  to  C.  L 
Itlunie  (Artrh.  rUunu.  cxlvL  26o  ;  lluudw.  rii.  222),  the  fruit  and  bark  onntuiLii 

lUU  pta.  ;— 

Fmlt.  Bark. 

Matten  soluble  in  ether                  .        .  34*2  1-4 

„             ,»        alcohol                .        .  8*4  6-1 

„             M        water                            .  10-6  1-3 

,.            „       potash        ...  0*1  tmoe 

Cellulose 890  70-6 

Water    .......  4-6  11-8 

Abh-coufititucntH 2*7  7'9 

EtIiiT  exlnurts  from  thi>  fruit,  n  colourless  oil,  having  a  peculiar  odom;  ud 
»i|)onitiablu  by  alkaliN.  The  aK-ohoHc  extract  of  the  fruit  consists  chiefly  of  a  hrovs, 
very  bitter  hubstauee  ((htIuiim  a  n.'sin),  which  is  somewhat  soluble' in  water,  sbsuris 
nioiHture  from  the  air,  aud  deliquoHCos. — The  aqueous  infusion  of  tlie  finit  yields  a  dfpii- 
queK'ent,  veiy  bitter  eztruet,  containing  tiuinic  acid  and  a  peculiar  bitter  principk 
called  snmaderin.  Tiic  ash  of  tho  fruit  contains  carbonate  of  fMl^im  and  the duo' 
rides  of  calcium  and  PotufiHium. 

From  the  bark,  other  extracts  a  li^ht-yellow  fat  of  soft  resinous  consistence,  wliieh 
iri  only  partially  saiwniiied  by  alkalis,  and  appears  to  be  a  mixture  of  resin  udfiit. 
The  aleoholic  und  aqut^ous  extracts  of  the  bark  have  the  same  eonatitnenti  and  pro* 
{KTtiei  a8  th(i»u  of  the  fruit. 

Siimaderi  n,  the  chief  bitter  constituent  of  the  bark  and  fhut,  is  most  easily  pn- 
pared  from  t.heai|ueon»  infu»<ion  by  erapoRitin^  it  to  an  extract,  and  treating  the  eztnct 
n'lM'atLHlly  with  Hmall  tpiutities  of  alcohol;  it  may  be  purified  bj  solution  in  water, 
and  treatment  with  animal  cliarcoal.  It  is  dazzling  white,  with  a  foliated  and  aooir- 
what  feathery  crvHtalline  htnieture;  has  a  iHtrsistent  and  intensely  bitter  taste,  stronger 
])i'rha{>8  than  that  of  any  other  known  aulmrance;  dissolves  in  water  more  easily  than 
iu  alcohol,  and  to  a  slight  extent  also  in  common  ether.  Its  solutions  are  perf«<«t]7 
iieiitnil.  AVhen  heated,  it  melts  and  gives  off  vapours  having  a  sbarp  bitter  taste. 
Ilyilrochloriti  and  nitric  acids  colour  it  yellow.  Strong  sulphuric  acid  immediately 
pnidiiccs  with  it  a  splendid  red-violet  colour,  which  dif«appoars  after  a  while ;  aconiide- 
nible  quantity  of  feathery,  strongly  iridt^scent  cr^'stals  is  fonned  at  the  same  time. 
Kiinstderiu  produces  no  particular  reaction  with  metallic  salts,  or  with  tinctuzv  d 
i(Miiiie,  ehromatc  of  potassium,  or  ferroc}-anide  of  potassium. 

■AMAXSXira.  Uranoniobate  of  yttrium  and  iron,  occnzring  near  "MinA^  in 
tho  Ilmeu  Mountains  (iv.  66).* 

BAJJCBVCnrs.    A  gi-nus  of  plants  b«>longing  to  the  order  Caprtfoliaeem.    The 

bi'rricH  of  the  dwaif  elder  or  danewort  {Stimhwus  ESnUus)  contain  malic  Bcid(Br  aeon- 
no  t),  anil  a  very  gelatinous  soft  resin  which  may  bo  usod  as  birdlime. 

The  root-bark  of  the  common  elder  (SanibvcHs  nigra)  contains,  acoordingto  SioMm, 
an  t'mrtic  aud  purgative  soft  resiu,  which  may  bo  obtained  by  treating  the  alcoholie 
extract  with  ether,  and  4'vapomtinp. — The  flowers  contain  a  volatile  oil,  which  is  very 
soluble  in  water,  and  is  therefore  not  easilv  obtained  by  distillation  with  water.  The 
iM'st  way  of  preparing  it,  acconling  to  Winckler,  is  to  concentrate  the  water  in  which 
fresh  elder-tlowers  have  bt^en  maoi'nited,  saturate  it  with  common  salt,  shake  up  with 
ptlier,  and  «'vapomto  the  ether.  It  is  colourh'ss,  lighter  tlian  water,  and  has  the  pene- 
trating odour  of  the  flowers,  which,  like  miu«k,  is  capable  of  filling  a  veiy  biife 
space.  At  iP  it  solidities  to  a  crystalline  mass,  like  oil  of  roses.  It  has  a  veiy  high 
l>oiling-p<jint.  When  ex(>OKod  to  the  air,  it  tunis  brown,  thickons,  and  acquires  the 
orlour  of  decayed  elder-flowers.  It  is  .said  to  contain  sulphur.  Elder-bem'ra  contain, 
according  to  Schefle,  malic  but  no  citric  acid;  also  sugar,  gum,  a  peculiar  sudorific 
substance  (which  likewise  exists  in  the  flowers),  and  a  rtnl  colouring  matter,  which  is 
turned  blue  by  a  small  qiuintity  of  alkali,  green  by  a  larger  quantity. 

•  It  {ft  there  iMllod  "ur«poiiinhiu>"  oryltriiim,  kc.\  hut  the  aci  I  formerly  cnlleflnioMnf,  or  hyponfnbte 
nr'vA,  in  itow   kiiuwii  tu  In*  ihu  uuljr  ux}-Ki>Q.4u:Mi  of  niubiiuu,  aiid   is  therelbre  called  miotic 
(if.  785). 


SAMECH-^SANDEL-WOOD.  187 

Au  obsolete  name  of  nentral  potaasie  tartnte. 


An  alaminotu  silicate  allied  to  allophane,  Occurring  in  staUctitic 
tems  in  the  lava  of  Upola,  an  island  of  the  Navigatir  group.  It  nas  a  lamellar 
structure,  whitish  colour,  and  slightly  nacreous  lustre ;  harmless  «  4*0  to  4*5 ;  specific 
gravity  —  1*7  to  1*9.  Contains,  according  to  B.  Silliman,  jnn.,  31-26  per  cent, 
silica,  37*21  alumina,  and  30*46  wat4»r,  together  with  4*06  magnesia,  0*01  calcic 
carbonate,  006  soda;  according  to  another  analysis,  however,  36*19  silica,  81*96 
alumina,  and  30*80  water ;  the  formula  is  therefore  doubtfuL 


Syn.  with  Sjlpak. 

This  name  is  mostly  implied  to  quarts  occurring  in  a  granular  or 
pulverulent  form,  as  on  the  seashore,  in  the  beds  of  rivers,  and  covering  extensive 
tracts  on  many  pirts  of  the  earth's  surface ;  but  it  is  also  extended  to  other  minerals 
occurring  in  a  similar  condition :  hence  the  terms  dolumitic  sand,  iron  sand,  titani> 
fi»rous  sand,  &c. 


-lVOOB«  Sandd-wood,  Santal-wood,  Red  Saunden-wood. — A  dye-wood 
Ibmishedby  the  Pterooarpu*  Santalinus,  a  papilionaceous  tree  indigenous  in  the  tropical 
parts  of  Asia.  It  occurs  in  commerce,  sometimes  in  large  heavy  billets  of  a  fine  red 
coluur  (caliatur-wood) — sometimes  as  a  red,  loose,  dusty  powder.  It  has  a  somewhat 
harsh  taste,  and  when  wanned  or  rubbed  gives  off  a  fiiint  agreeable  odour.  It  is 
used  in  India,  together  with  one-tenth  of  sapan-wood,  chiefivfor  dyeing  silk  and  cotton, 
to  which,  and  also  to  wool,  it  imparts  reds  of  various  shaaes,  according  to  the  kind  of 
mordant  used.     (See  Urt^s  JHctionary  of  ArU,  &c,  iii.  631.) 

Sandal-wood  contains  a  peculiar  red  resinous  colouring-matter,  called  santalin,  and, 
according  to  Meier  (Ann.  Ch.  Pharm.  Ixxii.  820),  five  other  amovphous  resinousbodies 
which  he  designates  as  santalie  oxide,  santalide,  santaloide,  santalidide, 
and  santaloidide;  the  last  four  being  extracted  ttom  the  wood  by  watei^--the  first, 
together  with  santalin,  by  alcohoL  These  five  bodies  have  not,  however,  been  obtained 
pure,  and  their  separate  existence  is  vexy  doubtfuL 

Santalin,  or  santalie  acid,  C'^H^^O*  (?X  is  pR^ared  by  treating  the  wood  with 
ether,  and  eva^rating  the  resulting  solution  ;  dissolving  the  highly-coloured  cr^'stals 
thus  obtained  m  alcohol,  after  having  exhausted  them  with  water ;  precipitating  the 
alcoholic  solution  with  acetate  of  lead ;  boiling  the  violet  precipitate  several  tinoes 
with  alcohol,  then  suspending  it  in  that  liquid,  and  decomposing  it  with  dilute 
sulphuric  acid.    (Meier.) 

Kantalin  forms  small  crystals  of  a  fine  red  colour,  and  without  taste  or  smelL 
It  is  insoluble  in  water,  but  very  soluble  in  alcohol,  forming  a  blood-red  solution 
which  reddens  litmus.  It  melts  at  104^,  and  at  a  higher  temperature  becomes  resinous 
and  pttffii  up.  It  contains,  aoeording  to  Westermann  and  Hiiffely  (Ann.  Ch. 
Pharm.  Ixxiv.  226),  66*86  per  cent.  C  and  6*2  H,  the  Ibrmnla  C**H*H)*  requiring  66*7  C, 
6*1  H,  and  29  2  O. 

The  alcoholic  solution  of  santalin  prect^ttates  lead-salts,  but  not  the  salts  of  barium, 
silver,  or  copper.  Santalin  dissolves  easdy  in  ammonia  and  in  potash,  forming  violet 
solutions,  whidi  precipitate  the  alkaline  euths. 

The  banvm-ttui  is  a  violet  erystalline  precipitate,  which,  when  dried  at  100^,  gives 
by  analysis  63*2  to  63*7  per  cent  C,  4*6  to  3*6  H,  and  22*9  BaO,  the  formula 
C«*H*<Ba''0"  requiring  62*7  C,  8*8  H,  and  22*4  BaO. 

The  Isad-rndt,  C"H"Pb''0»M»b'HH)«,  gave  by  analysis  86*8  to  87  per  cent.  C,  2.8  H, 
and  44*6  to  44*9  lead-oxide,  the  formula  requiring  86*2  C,  2*8  H,  and  44*6  PbO. 

AUkm    Syn.  with  Rbalqab  (i.  886). 

kOB.  A  gum-resin  which  exudes  from  Tkuia  ariiettlata,  a  small 
coniferous  tree  growing  in  Barbary.  It  occurs  in  pale-yellow  elongated  plates,  coven^l 
with  a  very  fine  dust,  and  having  a  vitreous  lustre  on  the  fractnred  surface.  It  has  a 
^int  odour,  and  crumbles  between  the  teeth  without  softening.  According  toJohnston 
(J.  pr.  Chem.  xvii.  157),  sandarach  is  a  mixture  of  three  acid  resins.  The  a-resin 
forms  a  white  or  yellow  powder,  slightly  soluble  in  alcohol,  and  not  easily  fusible.  It 
forms  but  a  small  part  of  the  entire  ream,  and  contains  78*04  to  78*46  per  cent  C,  and 
9*80  to  9*91  H,  whence  Johnston  deduces  the  formula  C'*H'*0'  (calc.  79*47  C, 
9*93  H,  and  10*60  O).  The  /i-resin,  which  forms  three-fourths  of  the  whole,  has  a  light- 
yellow  colour,  softens  at  100^,  and  dissolves  easily  in  cold  idcohol.  Contains  7508  to 
76*60  C,  and  9-71  to  1004  H,  whence  C»H«^»  (calc.  75*47  C,  9*41  H,  and  16*12  O), 
The  7-resin  is  a  light-yellow  powder,  soluble  in  boiling  alcohol,  melting  with  difficulty, 
and  decomposing  at  the  same  time.  Contains  75*53  to  76-69  C,  and  9*36  to  9*47  H, 
whence  the  formula  C"H*0*. 

•IVOOll.    Syn.  with  Sandal- wood. 


188  SANGUINARIA— SANGUlNAJtINE. 


rOUIVAXlA  CAVABWSZS.  The  root  of  this  plant,  belonging  to  the 
papayeraceous  order,  contains  sanguinarine  or  cheJerythrine,  and,  according  to 
Gibb  (Fharm.  J.  Tninn.  [2]  i.  454),  two  other  alkaloidn,  called  porphyroxiue  and 
pnccine;  but  the  two  latter  have  been  but  imperfectly  examined^    (Gm.  xrii.  162.) 

SAVOUZJTASZVm.  Ckderytkrine.Pyrrhapine,  C**Hi'NO\  (Dana,  Annals  of 
the  Lyceum  of  New  York,  ii.  246. — Probst,  Ann.  Ch.  Pharm.  xxix.  120  ;  xxxi.  350. 
— Polex,  N.  Br.  Arch.  xvi.  77. — J.  Schiel,  Ann.  Ch.  Pharm.  xliii.  233;  Sill.  Am.  J. 
[2]  X.  220. — G  m.  xWi.  156.) — An  alkaloid  discovered,  as  sa  ngu  i  nar  i  n  e,  by  Dana,  in  the 
loots  of  Sanguinaria  canadensis-,  asehelerythrine,  by  Probst^  audasporphyroxino 
by  Polex,  in  the  common  celandine  {Chdiditnium  majun):  the  identity  of  the  alkaluiMs 
from  these  two  sources  was  demonstrated  by  Probst  and  Sehiel.  In  celandine  it  is 
found  chi«'fly  in  the  roots  and  unripe  fruit;  in  Sanguinaria  it  exists  also  in  the  leaves, 
and  most  probably  in  the  seed.  It  is  also  found  in  the  roota  of  the  yellow-homtMl 
poppy  ( Glaucium  luteum),  together  with  glaucopicriue,  but  not  in  the  greon  parts  of  the 
plant,  which  contain  glaucine  (ii.  845,  846). 

Preparation:  1.  From  the  roots  of  San^inaria  canadensis. — The  dried  and  powdered 
root  is  exhausted  with  ether,  hydrochloric  acid  gas  is  passed  into  the  filtrate,  and  the 
impure  hydroehlorate  o  fsanguinarine  thereby  thrown  down,  is  collected  and  dried.  In 
the  ether  there  remains  a  brown  greasy  resin,  together  with  a  little  sanguinarine, 
which  ia  recovered  by  evaporating,  exhausting  tlie  residue  with  water  containing 
sulphuric  acid,  and  precipitating  by  ammonia.  The  precipitated  hydroehlorate  is 
dissolved  in  water ;  the  solution  is  precipitated  by  ammonia ;  the  precipitate  is  washed, 
dried,  and  dissolved  in  ether;  and  the  solution  is  shaken  with  animal  charcoal  till  the 
supernatant  liquid  appears  colourless.  The  precipitate,  again  thrown  down  from  the 
filtrate  by  hydrochlonc  acid  gas,  is  decomposed  by  aqueous  ammonia,  and  afterwards 
washed  and  dried  (Probst;  Schiel).  Schiel  purifies  sanguinarine  extracted  by  other 
methods,  by  precipitating  its  ethereal  solution  with  hydrochloric  acid  gas  or  sulphuric  acid. 

2.  From  the  roots  of  Chdidonium  majus, — The  fresh  or  driea  root  is  exhausted 
with  water  containing  sulphuric  acid:  the  liquid  is  precipitated  by  ammonia;  and  the 
precipitate  is  washed,  freed  from  witer  as  far  as  possible  by  pressing,  and  dissolved, 
while  still  moist,  in  alcohol  containing  sulphuric  acid.  The  alcoholic  solution,  diluted 
with  water,  is  submitted  to  distillation,  and  after  the  alcohol  is  driven  off,  precipitated 
by  ammonia.  The  precipitate  is  dried  between  bibulous  paper  as  quickly  as  possible, 
at  a  very  gentle  heat,  powdered,  and  treated  with  ether,  which  dissolves  chiefly  san- 
guinarine. On  expelling  the  ether,  there  remains  a  viscid  turpentine-like  mass,  to  be 
treated  with  as  small  a  quantity  as  possible  of  water  containing  hydrochloric  acid, 
which  leaTes  resin  undissolved.  The  solution  is  evaporated  to  dryness,  and  the  resi- 
due washed  with  ether,  hydroehlorate  of  sanguinarine  then  remaining.  This  is  dissolved 
in  a  little  cold  water,  which  leaves  most  of  the  hydroehlorate  of  chelidonine  undissolved ; 
the  solution  is  evaporated,  and  the  residue  again  treated  with  water  so  long  as  hydro- 
chlorate  of  chelidonine  continues  to  separate.  From  the  last  aqueous  solution  tho 
sanguinarine  is  thrown  down  by  ammonia,  and  is  purified  by  washing  and  drying,  and 
subsequently  dissolving  in  ether  and  evaporating.    (Probst.) 

S.  From  Glaucium  luteum, — The  dried  and  powdered  roots  of  plants  of  one  to  two 
years*  growth  are  exhausted  with  water  containing  acetic  add ;  tke  extract  is  precipi- 
tated by  excess  of  ammonia ;  and  the  precipitate  is  washed,  dried,  and  exhausted 
with  ether,  which  leaves  nearly  pure  sanguinarine  on  evaporation.  The  product  is 
dissolved  in  the  smallest  possible  quantity  of  water  acidulated  with  hydrochloric  add ; 
the  water  and  excess  of  add  are  evaporated;  and  the  remaining  hydroehlorate  of 
sangoinarine  is  freed  from  chlorophyll  by  washing  with  ether,  after  which  it  is  dissolved 
in  a  little  water,  and  mixed  with  an  equal  volume  of  strong  hydrochloric  add, 
which  predpitates  it  almost  completely,  the  supernatant  liquid  retaining  only  a  small 
quantity,  predpitable  by  ammonia.  The  precipitated  salt  may  be  obtained  in  the  crystal- 
lue  form,  bjr  oissolving  it  in  water  and  evaporating  the  solution.  By  decomposition 
with  ammonia  it  yields  sanguinarine,  which  is  crystallised  from  ether,  with  adoition  of 
water.    (Probst.) 

PropertiM.^  Sanguinarine  is  obtained  trom  absolute  alcohol,  by  spontaneous  evapo- 
ration, in  groups  of  crystalline  nodules  (Probst) ;  in  white,  pearly,  fine  grains(Dana); 
in  star-shaped  groups  of  transparent  needles,  and  white  nodules  (Polex).  It  is  insoluble 
in  water,  but  soluble  in  afcohol  and  ether.  The  ethereal  solution  leaves,  on  evapora- 
tion, a  turpentine-like  body,  which  gradually  hardens  to  a  shining  friable  mass 
(Probst).  The  crystals  become  opaque  and  brown  on  drying  (Polex).  It  is  taste- 
less (Schiel) ;  in  the  mouth  it  slowly  creates  a  very  &int  taste  (Dana);  in  alcoholic 
solution  it  has  a  burning  sharp  taste  (Probst);  very  bitter  (Schiel).  It  acts  as  a 
powerful  narcotic  jpoison.  The  dust  excites  violent  sntK^zing  (Probst).  According  to 
l>4iia  and  Schiel,  it  has  an  alkaline  reaction ;  but  according  to  Probst  and  Poles^  it  is 
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HentnL  On  exporare  to  the  air  it  gradoHlly  assames  a  yellowish-white  colour  (D  a  na), 
and  in  presence  of  small  qnantitics  of  acid  yapours  becomes  immediately  red  (Pol  ex; 
Schiel).  It  softens  at  65®  like  a  rosin  (Probst),  melts  at  a  somewhat  high  tempera- 
tore,  and  bums  completely,  giving  off  ammoniacal  vapours  (Poles).  It  is  decomposed 
by  nitric  add.    Its  composition  (at  100° — 105°)  is  shown  in  the  following  table: — 

Schiel. 


CaleuUUiom, 

a. 

ft. 

C'» 

228 

70-69 

6966 

70-34 

H»^ 

17 

5-26 

516 

5.21 

N 

14 

4-33 

5-23 

507 

0* 

64 

19-82 

19-95 

19-38 

C«H»»NO«    328  100-00  10000  10000 

a  was  prepared  firom  Sang^dnaria^  h  from  Chclidonium. 

flanguinarine  unites  with  adds^  which  it  colours  a  fine  oranse-red,  forming  neutral 
•alts^  partly  crystallisable,  having  a  burning  sharp  taste,  a  narcotic  action,  and  dissolvings 
for  the  most  part,  in  water.  From  the  solutions,  sanguinarine  is  separated  by  ammonia, 
the  fixed  alkalis,  or  magnesia,  in  the  form  of  a  grey -white  curdy  precipitate  (Probst). 
Concentrated  acids  have  but  little  action  on  sanguinarine  in  the  cold  (Po  1  e  x).  Acetate 
of  sanguinarine  forms  yellowish-white  precipitates  with  tartar-emetic,  ferric  chloride, 
mercurous  nitrate,  mercuric  chloride,  aud  silver  nitrate:  iodine  precipitates  the  solution 
of  a  crimson,  chromate  of  potassium  of  a  yellow,  and  chloride  of  gold  of  a  dark-red- 
yellow  colour.  Basic  acetate  of  lead  and  tincture  of  galls  do  not  produce  precipitates. 
(Polex.) 

SAVOUISOXBA  WWLMOOlLm  A  rosaceous  plant,  formerly  used  as  a  styptic. 
100  pts.  of  the  fresh  plant  contain  71-0  water,  10*3  matter  soluble  in  water,  9'2  soluble 
in  dilute  potash,  8*9  cellulose,  and  1-9  ash  free  from  carbonic  acid.  The  ash  contains, 
in  100  pts.,  after  deduction  of  carbonic  add,  13-7  potash,  7*7  soda,  27*0  lime,  3*9 
magnesia,  0*9  alumina  and  ferric  oxide,  33*9  silica,  4*1  sulphuric  anhydride,  7*6  phos- 
phoric anhydride,  and  1*2  chlorine. 

Glassy  felspar  (ii.  620). 

A  name  given  to  trachytic  porphyry,  on  account  of  the 
crystals  of  sanidin  which  are  embedded  in  it. 

SAWTAXiZO  ACZBf  BAJTTA&ZSB,  BAVTAXiZW,  &c.  (See  Sakdal-wood, 
^  187.) 

BAMTOMTMm  Santonic  acid,  C'*H*'0'. — This  substance  was  discovered  in  1830 
by  Kahler  (Brandes.  Archiv.  xxxiv.  318,  xxxv.  216),  and  about  the  same  time  by 
Alms  {ilnd.  xxxiv.  319,  xxix.  190),  in  wormseed.  Semen  contra.  Semen  cina,  or 
Semen  Santonici,  the  undeveloped  flower-heads  of  Artemisia  Vahliana,  and  other  species 
of  the  same  genus.  It  has  beeu  investigated  chiefly  by  H.  Trommsdorff  (Ann. 
Ch.  Pharm.  xi.  90)  and  W.  Heldt  {ibid.  Ixiii.  10  and  40).     See  also  Gm.  xvi.  250. 

To  prepare  it,  a  mixture  of  wormseed^ with  a  small  quantify  of  dry  slaked  lime  is 
exhausted  with  hot  alcohol,  the  alcohol  expelled  by  diBtillation,  and  the  remaining 
liquid  supersaturated  with  acetic  acid.  Tlie  precipitate  thereby  formed  is  purified  by 
solution  in  alcohol,  and  treatment  with  animal  charcoal. 

Santonin  crystallises  in  flattened  hexagonal  prisms,  or  interlaced  tufts  of  crystals, 
which  are  colourless  at  first,  but  turn  yellow  on  exposure  to  light.  From  an  ethereal 
solution  it  is  deposited  in  rhombic  plates:  sp.  gr.  »  1*247.  Santonin  has  very  strong 
IsBvorotatory  power;  for  the  transition-tint  [a]  »  —  230*^  at  20°  in  alcoholic  solution, 
weaker  after  addition  of  alkalis,  but  not  diminished  by  acids  (Buignet,  J.  Pharm. 
[3]  xl.  252).  It  is  neutral  according  to  Kahler,  acid  according  to  Ettling;  inodorous; 
tastes  slightly  bitter  after  being  kept  for  some  time  in  the  mouth,  very  bitter  in 
alcoholic  solution.  It  exerts  an  anthelmintic  action,  but  is  sometimes  fatal  to  children 
when  given  in  quickly-repeated  doses  of  1  to  2  grains  or  more  (Lavater,  Pharm. 
Vierte\j.  ii.  1 10).  Larger  doses  of  santonin  given  to  adults  produce  colour-blindness, 
lasting  for  several  hours.  (Wells,  J.  Pharm.  [3]  xv.  111. — Martini,  Compt.  rend, 
xlvii.  259 ;  1.  545.) 

Santonin  gives  by  analysis  72  40  to  72*6  per  cent,  carbon,  and  7*47  to  7'67  hydrogen, 
the  formula  C»*H*0»  requiring  7317C,  7*32  H,  and  29*51  O. 

Santonin  is  nearly  insoluble  in  cold,  rather  more  soluble  in  hot  water;  very 
soluble  in  boiling  alcohol,  less  in  ether.  According  to  Trommsdorff,  1  pt.  of  santonin 
requires  for  solution  43  pts.  alcohol  at  225°,  12  pts.  at  50^  aud  2*7  pts.  at  80°; 
of  ether,  5*75  pts.  at  17°,  42  pts.  at  40® ;  of  water,  5000  pts.  at  17  5°,  aud  250  at 
100®.  Santonin  dissolves  in  4*3  pts.  of  cA/orq/br7»-.(Schlimpert,  N.  Br.  Arch. 
C  151 ) ;  also  in  acetic  acid  and  volatile  oils. 

Santonin  mdts  at  136®  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass 
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on  cooling,  but  by  prolonged  fttsion,  it  ondeigoes  a  moleealar  change,  and  becomes 
amorphowt :  the  same  character  is  exhibited  bj  many  other  crystalline  resinous  bodies — 
helenin  for  example.  Santonin  sublimes  without  decompoeitioQ  when  heated  in  small 
quantities ;  but  when  larger  quantities  are  heated,  a  considerable  portion  decomposes, 
yielding  an  oil,  which  solidifies  on  cooling  to  a  brown  resinous  substance.  By  prolonged 
expoinire  to  light,  most  quickly  in  alcoholic  solution,  it  is  converted  into  photo- 
SHUtonin,  C"H"0«.    (Sestiui,  iv.  627.) 

Santonin,  suspended  in  water,  and  submitted  to  the  action  of  chlorine  ffos,  is  convert ed 
into  mono-,  di-,  or  tri-chlorosantonin,  according  to  the  circumstances  of  the  ex- 
periment (S  e  8 1  i  n  i).  It  also  yields  a  crystallisable  substitution-product  with  bromine. 
(Heldt) 

Santonin  dissolves  without  decomposition  in  strong  sulphuric  acid,  and  is  precipi- 
tated &om  the  solution  by  water;  the  solution  turns  red  after  a  while,  and  yields  a 
resinous  substance.  According  toKoBsmann(J.  Pharm.  [3]  xxxviii.  81),  santonin 
boiled  with  dilute  sulphuric  acid  is  resolved  into  glucose,  and  a  resinous  bodv  which  he 
calls  santiret in.  According  to  O.  Schmidt,  however  (Zeitschr.  f.  Chem.  [2]  i. 
212),  no  such  decomposition  takes  place,  even  when  the  ebulUtion  is  kept  up  for  a  con- 
siderable time.  If  the  water  be  not  renewed  as  it  evaporates,  the  acia,  as  it  becomes 
concentrated,  turns  the  santonin  brown,  and  converts  it  into  a  resinous  product 
— probably  dehydrated  santonin — ^which  when  treated  with  water  and  crj'stallised 
from  alcohol,  yields  the  santonin  in  its  original  state.    (Schmidt.) 

Fuming  nitric  acid  also  dissolves  santonin ;  dilute  nitric  acid  converts  it,  by  prolonged 
ebullition,  into  a  bitter  non-crystallisable  body,  very  soluble  in  water  and  in  alcohol, 
and  finally  into  a  crystallisable  acid,  also  very  soluble  in  water  and  alcohol,  probably 
succinic  acid.    Hydrocyanic  acid  is  also  formed,  together  with  other  volatile  products. 

Santonin  dissolves  in  caustic  jixtd  alkaUs,  forming  definite  compounds.  It  does  not 
appear  to  combine  with  ammonia.  When  it  is  digested  with  alcohol  and  metallic 
oxides,  the  liquid  assumes  a  fine  crimson  colour,  which  disappears  after  some  time. 

The  san  to  nates  are  decomposed  by  prolonged  ebullition,  santonin  being  set  free. 
The  potoAsium-salt,  obtained  like  the  sodium-salt,  forms  a  gummy  mass.  The  sodium- 
salt,  2C'»H"NaO«.9H«0,  or  2(C»»HK)«.NaHO).7HK),  is  obUined  by  digesting  an 
alcoholic  solution  of  santonin  with^bdic  carbonate,  till  the  mixture  is  decolorised;  then 
evaporating  to  diyness  at  30^,  exhausting  the  residue  with  absolute  alcohol  to  separate 
the  excess  of  sodic  carbonate,  and  leaving  the  filtrate  to  evaporate.  It  is  then  de- 
posited in  slender  interlaced  needles,  which  by  crystallisation  from  a  very  small 
quantitv  of  water,  are  converted  into  hu^e  rhombic  prisms,  with  the  dominant  fiices 
ooP,  oc'l^oo,  f»Qo.  Angle  cxP  :  P  -  about  141°;  too  :  Pao  (brach.)  -  about  102<^. 
The  crystals  lose  about  7  per.  cent,  water  at  100^.    (Heldt.) 

The  banum-salt,  2C'»H'O«.Ba"H«0«.H«0  (at  100°),  is  obtained,  by  digesting  hydrate 
of  barium  with  alcoholic  santonin  till  the  red  colour  disappears,  then  filtering,  evapo- 
rating to  dryness  at  37*5^,  exhausting  with  water,  and  again  evaporating^  as  a  white 
crust,  slightly  gelatinous,  and  drying  up  to  a  light  powder. 

The  aUcium  salt,  2C'«H"0\Ca''IIH)' (at  100"^),  obtained  in  like  manner,  crystallises 
in  silky  needles. 

The  lead-salt,  2C»»H»«0«.Pb''0  (at  120®),  is  obtained  by  mixing  a  boiUng  alcoholic 
solution  of  santonin  with  neutral  acetate  of  lead,  filtering,  and  exposing  the  mixture  for 
some  time  to  a  temperature  of  30^  to  40°,  avoiding  the  access  of  atmospheric  carbonic 
acid.  The  compound  is  then  deposited  in  mammellated  groups  of  small  nacreous  needles. 

Santonate  of  potassium  forms  a  pale-blue  precipitate  with  cupric  salts,  chamois- 
ooloured  with  ferric  salts,  white  with  mersurous,  silver,  and  sine  salts ;  it  does  not 
precipitate  mercuric  salts. 

BromoMUitoiilii*  When  bromine  is  dropped  gradually  into  a  cooled  alcoholic 
solution  of  santonin,  and  the  liquid  is  left  to  evaporate,  a  brown  resin  is  gradually 
deposited,  together  with  white,  tasteless,  inodorous  crystals  of  a  biominated  santonin, 
which  is  very  unstable,  dissolves  with  difficulty  in  water,  more  easily  in  boiling  alcohol 
and  in  ether;  also  in  alcoholic  potash,  forming  a  cherry-red  Uquid.  (Heldt.) 
.  cmiorosantoniiifl.  (Heldt,  Ann.  Ch.  Pharm.  Ixiii.  34. — Sestini,  Bull.  Soc. 
Chim.  1866,  i.  202.) — These  compounds  are  formed  by  the  action  of  chlorine  or  of  hypo- 
chlorous  acid  on  santonin.  They  are  less  altered  by  light  in  proportion  as  they 
contain  more  chlorine. 

Monochlorosantonin,  C**H*'C10\  appears  to  be  produced  by  the  action  of 
chlorine-water  on  excess  of  santonin.  Sestini,  by  adding  half  a  litre  of  recently  pn>- 
pared  chlorine- water  to  an  equal  volume  of  water  holding  10  grms.  of  santonin  in 
suspension,  then  shaking  the  liquid  strongly  in  a  closed  vessel  till  the  odour  of  the 
chlorine  was  no  longer  perceptible,  and  crystallising  the  product  from  alcohol,  obtaineil 
first  crystals  of  santonin,  then  a  confusedly  crystaUine  mass,  which  turned  yellow  oi> 
exposure  to  light,  but  less  quickly  than  santonin,  and  contained  11*3  percent,  chlorine; 
"mula  of  monochlorosautoiiin  requires  12*7  per  cent 
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Dieklorosanionin,  C**H^*C1K)'. — ^Whc^  santonin  suspended  in  water  is  exposed 
to  the  action  of  a  slow  cnrrent  of  chlorine  for  10  or  11  hours,  a  product  is  obtained 
which  crystallises  from  alcohol  in  groups  of  small  lamime,  containing  22*4  per  cent,  chlo- 
rine (Sestini).  Heldt,  by  dissolving  santonin  in  warm  hydrochloric  acid  containing 
a  little  alcohol,  and  adding  small  crystals  of  potassic  chlorate,  stirring  all  the  while,  and 
keying  the  liquid  wann,  obtained  a  white  amorphous  mass,  which  when  dissolved  in 
hot  alcohol,  and  crystallised  by  spontaneous  evaporation,  yielded  delicate  white  shining 
needles,  which  gave  by  analysis  21-9  per  cent,  ddorine  (it  probably  contained  a  small 
portion  of  monochlorosantonin). 

Dichlorosantonin  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  fther 
(Heldt)  ;  less  easily  in  alcohol  than  trichlorosantonin,  easily  in  chloroform  (Sestini). 
According  to  Sestini,  it  slowly  acquires  a  slight  yellow  colour,  on  exposure  to  light ; 
according;  to  Heldt,  it  is  not  altered  by  exposure  to  diffused  daylight,  but  when  exposed 
io  sunshine,  even  in  an  atmosphere  of  hydrogen,  it  turns  rusty-red,  and  afterwarcu  be- 
comes covered  with  a  brown  crust,  but  not  so  quickly  as  santonin.  Alcohol  removes  the 
brown  crust,  leaving  white  crystals  (the  effect  was  perhaps  partly  due  to  the  mono- 
chlorosantonin in  Heldt's  product).  Dichlorosantonin  is  inodorous  and  tasteless  in  the 
solid  state,  but  very  bitter  in  alcoholic  solution.  It  melts  when  heated,  and  solidifiee 
again  on  cooling;  but  when  heated  above  its  melting-point,  it  decomposes,  with  evolution 
of  hydrochloric  add.  It  dissolea  in  alcoholic  potash,  forming  an  orange-red  liquid. 
(Heldt) 

Trichloro$antonin^  C^*B}*C\*G*,  was  obtained  by  exposing  50  grms.  of  santonin 
suspended  in  21  litres  of  water  to  a  slow  current  of  chlorine  continued  for  several  hours 
on  four  successive  days,  washing  the  product  with  tepid  water,  dissolving  it  in  boiling- 
alcohol,  and  leaving  the  solution  to  evaporate.  It  crystallises  in  transparent  monoclinic 
prisms,  which  are  not  coloured  even  by  prolonged  exposure  to  sunshine  (analysis  34*1 
per  cent,  chlorine ;  calc.  30'6  per  cent).  It  is  insoluble  or  nearly  so  in  water,  but  dis- 
solves with  moderate  facility  in  alcohol,  ether,  and  chloroform  ;  from  the  last-mentioned 
liquid  it  crystallises  in  long  sill^  needles.  It  does  not  lose  weight  by  prolonged  ex- 
posure to  air  dried  by  oil  of  vitriol,  or  when  heated  to  100 — 110°:  hence  the  crystals 
appear  to  bo  anhydrous.  It  melts  at  213°,  assnniiig  a  faint  brown  colour.  Alcoholic 
potash  converts  it  into  colourless  or  slightly  coloured  oil^  drops ;  and  boiling  alcoholic 
solutions  of  caustic  alkalis  decompose  it,  converting  it  into  a  resinous  substance. 
(Sestini.) 

BAVTOSnr.  An  argillaceous  mineral,  occurring  on  the  island  of  Santorin, 
which  yields  an  excellent  cement.  According  to  Eisner,  it  contains  68'5  per  cent, 
silica,  5*5  ferric  oxide,  13'3  alumma,  07  manganous  oxide,  2*3  lime,  3*1  potash,  4*7 
soda,  with  traces  of  commqp  salt,  sodic  sulphate,  and  organic  matter. 


The  seed  of  Mae^a  picta,  a  primulaceous  plant,  used  in  Abyssinia  as 
a  remedy  for  tapew9rm.  According  to  Apoiger  (Jahresb.  1857,  p.  530),  it  contains 
a  waxy  substance,  a  soft  resin,  a  fatty  non-drying  oil,  an  acrid  substance,  extractive 
matter,  gum,  pectin,  albumin,  sugar,  an  iron-greening  tannin,  lactic  acid,  citric  acid, 
racomic  acid  (?),  a  volatile  acid  (?),  and  a  volatile  oil.  The  seed  dried  at  100°  yielded 
77  per  cent  ash,  containing  27*84  per  cent  KH),  904  Na«0,  8*76  CaO,  7*47  MgO, 
0-98  A\H)\  1-69  TeO,  with  trace  of  manganous  oxide,  900 CI,  3*7880*,  9-93P«0», 
609  SiO«,  1617  C0«,  and  OSO  B*0«. 

SAPAV-mBB.  BrazUin.  C«H»0^  (Bolley,  Zurich.  Mitthea  1865.  p.  2; 
J.  pr.  Chem.  xciii.  451.) — The  colouring  matter  of  sapan-wood  {Ctgnalfinia  echinata  or 
C,  Sapan\  appears  from  Bollcy's  investigations  to  be  identical  with  Chevreul*s  brazilin* 
(i  655),  obtained  from  brazil-wood  (Casalpinia  crista,  C.  hraaUienns,  &c).  It  was  pre- 
pared from  a  crystalline  deposit,  which  had  collected  at  the  bottom  of  a  cask  filled 
with  extract  of  sapan-wood,  by  dissolving  the  deposit  in  absolute  alcohol,  and  leaving 
the  filtrate  to  crystallise  in  a  vessel  excluded  &om  light  and  air.  It  is  not  easily 
obtained  in  the  pure  state  from  brazil-wood. 

Sapan-red,or  brazilin,  crystallises  from  absolute  alcohol  in  amber-yellow  or  brownish 
rhombohedrons,  or  in  short  monoclinic  prisms  containing  66*66  per  cent  carbon  and 
604  hydrogen  (calc.  6666  C,  604  H,  and  2828  0) ;  from  hydrated  alcohol  or  from 
aldehydo,  in  small  straw-yellow  or  golden-yellow  monoclinic  needles,  containing 
2Q«H«»0^3H•0,  turning  brown  at  90V,  and  giWng  off*  6*61  percent,  water;  no  more 
at  120°  (J  at.  HK)  =  6  39  per  cent.).  They  gave  by  analysis  62  78  per  cent  C  and 
6-48  H  (calc.  62*41  C,  543  H,  and  3216  0). 

Brazilin  is  soluble  in  water,  alcohol,  and  ether.    The  reddish  aqueous  solution  is 

•  The  •t-itemeoU  respectiag  brazilin,  given  (i.  C56)  on  the  iiuth  irity  o(  PreisMr,  are  not  to  be  de- 
pended upon. 
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coloured  deep  eannine-red  by  traces  of  ammonia,  the  fixed  alkalis,  or  baiyta-water. 
The  alcoholic  solution,  slowly  evaporated  in  contact  with  air  oontaininff  ammoniM, 
yields  iridescent  spangles,  which  give  off  ammonia  when  treated  with  potash.  Braziliu 
dissolves  also  in  aqueous  acid  sulphite  of  sodium,  and  the  solution  deposits  colourless 
crystals  containing  sulphur. 

Braziliu  diffors  fix>m  haematozylin  (iii.  4)  by  containing  the  elements  of  phenol  in 
addition : 

c«H»o»    -    om^*o*  +  <>H«0. 

BrAsilin.  HaBoiatoxylln.       PhenoL 

Accordingly,  braziliu  treated  with  nitric  acid  yields  picric  acid,  whereas  hsematozylin 
thus  treated  yields  nothing  but  oxalic  acid. 

Syn.  with  Sapphirb. 

The  name  given  by  Bolley  (Ann.  Cb.Pharm.  xc.  211;  xci.  117), 
to  the  product  obtained  by  boiling;  saponin  with  dilute  sulphuric  or  hydrochloric  acid. 
Fremy  (Ann.  Cb.  Phys.  [2]  Iviii.  102),  who  first  obtainea  this  substance,  designated 
it  as  aesculic  acid  (L  69).  See  also  Sapoion  (p.  194),  and  Gmdin's  Bankbook, 
XV.  68. 


A  bitter,  neutral,  crystallisable  substance,  occurring,  according  to 
Osborne  (Ann.  Phil.  xi.  302),  in  the  roots  of  Saponaria  officinalis,  before  fiowering 
time,  but  not  afterwards.  It  dissolves  in  less  than  2  pts.  of  water,  is  soluble  also  in 
alcohol  and  ether,  insoluble  in  oil  of  turpentine. 

SAVOVZrzCikTZOir.  This  term  was  originally  applied  to  the  conversion  of 
natural  fats  (glycerides)  into  soaps,  by  the  action  of  alkalis  or  other  metallic  hydrates, 
the  change  consisting  in  the  rearrangement  of  the  elements  of  the  acting  substances 
in  the  form  of  a  metiulic  salt  of  the  fatty  acid,  and  glycerin.  It  is  now,  however,  used 
in  a  wider  sense,  being  extended  to  the  resolution  of  all  ethers,  and  neutral  substM  jces 
of  analogous  composition,  into  adds  and  alcohols ;  sometimes  even  to  the  decumpositioa 
of  glucosides  under  the  influence  of  dilute  adds.  (See  £tuebs,  Glucosidas, 
Oltcbsidbs,  Soap.) 


Struthiin.    GiMgin,     Senegin.    JMygalin,    PolygdUc  acid, — This 

substance,  first  observed  by  Schrade  (Gehlens  N.  Joum.  d.  Chem.  viii.  648)  in  the 
eommon  soapwort  (Saponaria  officinalis),  and  some  time  afterwards  by  B ley  (Ann. 
Ch.  Pharm.  iv.  283)  and  B ussy  ^i^iVf.vii.  168)  in  the  oriental  soapwort  {GywophUa 
StrtUhium),  appears  to  be  very  widely  difiused  in  the  vegetable  kingdom.  It  has  been 
found  by  O.  Henry  and  Boutron-Charland  (J.  Pharm.  iv.  249)  in  quilliga-bark 
(Qmllaja  amegmadernuu),  by  Fremy  (Ann.  Ch.  Pharm.  xv.  187)  in  horse^hestnuts, 
in  which,  according  to  Malapert  (J.  Pharm.  [3]  x.  339),  it  exists  chiefly  in  the 
ovaries  during  flowering- time,  and  in  the  pericarp  of  the  fruity  immediately  after  •the 
petals  have  fidlen  off.  Malapert,  has  also  found  it  in  the  roots  of  pinks,  in  the  oom- 
oockle  (AgrotUmma  GUhago\  the  white  campion  (Lychnis  dioica),  the  scarlet  lychnis 
(L,  chalcfdonica) ;  also  in  Lychnis  Ftos  cuculi,  SUene  it^fiata,  SUrnie  nutanSf  Anagallis 
arvensis,  and  A.  OBrulea, 

Saponin  is  said  also  to  be  contained  in  Arnica  montana.  Arum  maeulatum,  Capsella 
Bursa  Pastoris,  the  bark  of  Gymnoc/odeis  canadensis,  the  root  of  Polypodium  mugare, 
the  fruit  of  Sapindus  Saponaria,  S.  laurifolius,  and  8.  rigidus,  of  Pircunia  abyssinica, 
and  in  many  plants  of  the  sapindaceous  and  mirooseous  orders.  The  irritating  extrac- 
tive matter  in  the  root  of  the  cowslip  is,  perhaps,  identical  with  saponin. 

Senegin,  or  Polygalin,  discovered  by  Gehlen  in  the  root  of  Pofygala  Seneaa,  which 
was  associated  with  saponin  by  Bucbolz  and  Pfaff,  minutely  examined  by  Querenne, 
who  named  it  acide  polygaligue,  is,  according  to  Bolley,  probably  identical  with 
iaponin. 

Preparation  :  A.  From  the  root  of  Saponaria,  or  of  Gypsophila  SlnUhium, — 1.  The 
chopped  root  is  exhausted  with  boiling  alcohol  of  spedfic  gravity  0*824 ;  the  filtrate  is 
cooled  ;  and  the  deposit  of  saponin,  which  separates  after  24  hours,  is  collected,  washed 
with  ether  and  alcohol,  and  dried  at  100®  (Rochleder  and  Schwarz). — 2.  The 
coarsely-pounded  root  is  fireed  by  ether  from  resin  and  fat,  then  boiled  with  alcohol, 
and  the  flocks  which  separate  on  cooling  and  concentration  are  collected.  (Bley  and 
Bussy.) 

Saponin  prepared  from  Gypsophila  is  sometimes  contaminated  with  foreign  sub- 
stances. It  is  purified  bj  dissolving  it  in  the  smallest  possible  quantity  of  water,  and 
adding  baryta-water,  which  precipitates  saponin-baryta,  leaving  the  foreign  substances 
in  solution.  The  white  predpitate  is  washed  with  barytarwater,  and  dissolved  in 
water ;  on  passing  carbonic  add  through  the  solution,  and  heating  it,  carbonate  of 
barium  separates  out;  and  after  its  removal,  the  saponin  maybe  precipitated  by  ether- 
•'-"ihoL    (.R^x^bl®^*^'  and  De  Payr.) 
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From  these  discordant  results,  it  is  impossible  to  deduce  a  formula  with  certainty  ; 
and  saponin  does  not  form  any  definite  compounds  by  the  composition  of  which  the 
anidyses  might  be  checked.  Bochleder  and  Bchwarz  propose  for  saponin  the  formula 
C»«H»0',  which  requires  5217  C,  724  H,  and  40*59  O;  Kochleder  and  v.  Payr  give 
for  saponin,  dried  at  100°,  C«H»«H)««,  requiring  6297  C,  7-31  H,  and  3972  O.  The 
analyses  of  senegin  agree  more  nearly  with  CH*K)*,  requiring  54  C,  6  H,  and  40  O  ; 
but  as  neither  this  substance  nor  saponin  from  other  sources  has  been  obtained  in  a 
perfectly  definite  state,  and  as  their  properties  and  products  of  decomposition  are 
essentially  the  same,  it  is  most  probable  that  senegin  is  identical  with  saponin. 

Saponin  dissolves  in  waier,  forming  a  frothy  solution,  more  easily  in  ailute  than  in 
strong  alcohol f  and  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  volatile  oibt :  the 
alcoholic  solution  does  not  froth.  It  is  not  altered  by  cold  dilute  acidSt  and  does  not 
unite  with  them.  It  dissolves  slightly  in  cold  aimnonia  and  potash^  more  easily  in  the 
same  liquids  when  warm.  A  solution  of  saponin  in  4  pts.  of  water  forms  with  baryta- 
water  a  white  precipitate,  soluble  in  excess  of  saponin  or  of  baryta- water  (Bussy); 
insoluble  or  nearly  so  in  baryta-water,  but  easily  soluble  in  pure  water  (Bochleder 
and  Schwarz).  With  neutral  acetate  of  lead,  saponin  forms  a  gelatinous  precipitate; 
and  on  boiling  the  filtrate,  a  further  precipitate  of  pulverulent  character  is  obtained, 
which  swells  up  during  washing.    It  likewise  precipitates  basic  acetate  of  lead. 

Decompositions. — 1.  Saponin  submitted  to  dnr  oistillation  swells  up,  blackens,  and 
yields  a  large  quantity  of  acid  empyreumatic  oil. — 2.  Boiling  nitric  acid  attacks  it, 
forming  a  yellow  resin,  mucic  acid,  and  oxalic  acid. 

Saponin  is  decomposed  by  dUuts  mineral  acids,  slowly  in  the  cold,  more  quickly 
when  heated,  into  a  carbohydrate  and  a  white  precipitate,  called  sapogenin  by  BoUey, 
nsculic  acid  by  Fr^my,  and  regarded  by  Rochleder  and  Schwarz  as  identical  with 
quinovin  Tp.  32).  The  composition  of  this  substance  has  not  been  precisely  ascer- 
tained, as  Its  analyses  give  results  vaiying  from  56*9  to  63*2  per  cent  carbon,  and  8*6 
to  8*9  hydrogen  ;  and  accordingly  various  equations  hare  been  proposed  to  explain  its 
formation  from  saponin.    According  to  Bochleder  and  Schwarz,  the  reaction  is : — 

2C«H*0'     =     C'«H»*0« 
Saponin.  QuiuoTin. 

aoootrding  to  Overbeck : — 

C«H»*0»»    »     C»H'«0« 
Saponin.  Saporetin. 

aeoording  to  Bolley : — 

2C"H««0'«  +  6H*0     =     C»«H»«0»  +   4C^»»0». 
Saponin.  Sapogenin.         Carbohydrate. 

According  to  Bochleder  and  v.  Pa^r  (Wien.  Akad.  Ber.  xlv.  7),  saponin,  when 
decomposed  by  acids,  is  capable  of  yielding  various  products  of  decomposition, 
according  as,  of  the  6  at  carbohydrate  which  it  may  be  supposed  to  contain,  two,  more 
than  two,  or  the  whole  are  separated.  The  products  resulting  ^m  partial  separation 
are  obtained  by  the  action  of  aqueous  acids,  but  complete  decomposition  is  produced 
only  by  the  action  of  alcoholic  hydrochloric  acid  (Bochleder  and  v.  Payr).  Ac- 
cording to  this,  only  the  crystals  described  under  d  are  the  true  sapogenin. 

a.  The  product  obtained  from  saponin,  C^H**H)'*,  by  elimination  of  2  at.  carbohydrate 
(C^'K)*),  is  perhaps  Fr^my's  sesculic  add  (i.  69),  as  it  agrees  in  amount  of  carbon 
with  the  formula  C»*H«0«*  (calc  67*25  per  cent  C  and  7*62  H).    (Bochleder.) 

b.  Saponin  purified  with  baryta-water  yields,  when  heated  with  aqueous  hydrochloric 
add,  531  per  cent  sugar,  and  gelatinous  flocks,  which,  when  dried  at  100^,  contain, 
on  the  average,  65  per  cent  C  and  8*64  H,  agreeing  nearly  with  the  formula  C**H'*0** 
(calc  62-66  per  cent  C  and  8*09  H).  In  this  case  the  decomposition  takes  place 
diiefly  in  the  manner  shown  by  the  equation : 

(calc  49-62  per  cent  C"H"0«). 

c.  By  prolonged  boiling  with  aqueous  hydrochloric  add,  62*66  per  cent  sugar  and  a 

C««H"0»,  are  obtained  (calc  67*66  per  cent.  C  and  8*61  H): 


+   C»»H"0" 
Carbohydrate. 

Carbohydrate. 
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The  fatty  oil  of  sapncaia-nuts,  amounting  to  about  39  per  cent,  is  non-drying,  and 
Tesembles  oil  of  almonds.     (Peckolt,  J.  Pharm.  [4]  i.  319.) 

BJkMJkCWnAm  The  root  and  leaves  of  Saracenia  purpurea  (a  plant  of  frequent 
occurrence  in  Canada  and  the  northern  states  of  the  American  Union,  and  recommende<l 
as  a  remedy  against  smallpox)  contain,  besides  the  usual  plant-constituents,  a  Tolatilo 
acid  (acrylic  acid)  and  0"18  per  cent,  of  a  base  (not  yet  examined)  which  smells  like 
Conine,  and  is  volatile  at  ordinary  temperatures.  (Bjorklund  and  Dragendorff, 
Russ.  Zeitschr.  Pharm.  ii.  317,  344,  369.) 

SAROZVB.  C*H*N*0.  (Strecker,  Ann.  Ch.  Pharm. 'cii.  294;  cviii.  129.)— 
A  weak  organic  base,  existing  in  the  juice  of  muscular  flesh.  It  is  isomeric  with  Sche- 
rei's  hypoxanthine,  and  Scherer  is  of  opinion  that  the  two  are  identical.  According  to 
Strecker,  however,  sarcine  is  distinguished  from  hypoxanthine  by  its  crystalline  cha- 
racter, its  greater  solubility  in  water  and  in  cold  hydrochloric  acid,  an<l  by  not  being 
decomposed  when  dissolved  in  nitric  acid.  Probably  hypoxanthine  is  impure  sarcine, 
or  a  mixture  of  that  substance  with  xanthine  (q.  v.). 

Sarcine  is  found  in  the  mother-liquor  of  the  preparation  of  creatine.  It  has  hitherto 
been  obtained  only  from  the  flesh  of  oxen  and  horses  ;  100,000  pts.  of  beef  yield  22  pts. 
of  sarcine.  Human  urine  sometimes  contains  a  body  which  is  perhaps  sarcine,  and 
perhaps  also  guanine,  C*H*N*0  (=  sarcine  +  NH). 

Preparation. — Sarcine  is  separated  from  the  hot  dilute  mother-liquors  obtained  in  the 
reparation  of  creatine,  by  precipitation  with  cupric  acetate  (or  better  with  silver-nitrate). 
The  precipitate,  which  contains  a  compound  of  sarcine  with  the  metallic  oxide  or  salt, 
togeuier  with  foreign  substances,  is  washed  on  a  filter  with  boiling  water  and  decom- 
posed by  Bulphydric  acid ;  the  filtrate  is  evaporated;  and  the  coloured  sarcine  which 
separates  is  purified  by  solution  in  hot  water,  with  addition  of  hydrate  of  lead,  precipi- 
tation of  the  filtrate  with  sulphydric  acid,  and  evaporation. 

Properties. — Sarcine  separates  from  aqueous  solution  as  a  white  indistinctly  crys- 
talline powder,  which  does  not  melt  at  160°,  but  decomposes  at  higher  temperatures, 
fiving  off  hydrocyanic  acid  and  a  white  sublimat'C  (cyanuric  acid  ?)  It  dissolves  in 
00  pts.  of  cold  and  78  pts.  of  boiling  water,  and  in  900  pts.  of  boiHng  alcohol.  The 
solutions  do  not  redden  litmus.  In  hydrochloric  acid,  potash,  ammonia,  and  baryta- 
water,  it  dissolves  more  easily  than  in  water.  Strong  sulphuric  acid:  and  nitric  acid 
also  dissolve  it  easily,  without  colouring  or  evolution  of  gas  ;  but  when  evaporated  with 
excess  of  nitric  acid,  and  somewhat  strongly  heated,  it  fields  a  yellow  residue,  which  is 
turned  red  by  potash :  this  reaction  is  ukewise  exhibited  by  nypoxanthine,  guanine, 
and  xanthine. 

Sarcine  forms  definite  compounds,  both  with  acids  and  with  metallic  bases.  A  solu- 
tion of  sarcine  in  boiling  bydrdbhloric  acid  yields  colourless,  nacreous,  tabular  ciTstals 
of  ihe  hvdrochlorate,  C»HWO.HCLH*0.— The  chloropIatinate,2(C'K*^*O.EC['^C\\ 
is  a  yellow  crystalline  precipitate. — The  nitrate  forms  transparent  crystals,  resembling 
acetate  of  sodium,  which  become  opaque  on  exposure  to  the  air,  and  are  turned  milk- 
white  and  decomposed  by  water.  The  sulphate  is  precipitated  by  alcohol  from  a  solu- 
tion of  sarcine  in  strons  sulphuric  acid,  in  needle-snaped  crystals,  likewise  decomposi- 
ble  by  water. —  Urate  of  Sarcine,  C*H*N*O.C*H*N*0',  is  precipitated  by  urate  of  potas- 
sium from  the  solution  of  the  hydrochlorate.  It  is  distinguished  from  xanthine, 
C*H*N*0*,  with  which  it  is  polymeric,  by  the  behaviour  of  its  nitric  acid  solution  with 
nitrate  of  silver,  forming  therowith  a  copious  white  precipitate,  which  dissolves  but 
slowly  at  the  boiling  heat,  whereas  the  solution  of  xantnine  in  nitric  acid  is  not  precipi- 
tated by  nitrate  of  silver. 

A  solution  of  sarcine  in  hoiUng  bari/ta-water  mixed  with  a  cold- saturated  solution  of 
baryta,  deposits  the  compound,  C*H*N*O.Ba"H'0^  in  colourless  crystals.  From  solu- 
tion in  caustic  potash,  sarcine  is  for  the  most  part  precipitated  by  carbonic  acid.  The 
compounds  of  saroine  with  zinc-oxide,  cupric  oxid^,  and  mercieric  oxide,  aro  flocculent 
precipitates,  insoluble  in  water.  With  nitrate  of  silver,  sarcine  forms  a  white  flocculent 
precipitate,  insoluble  in  cold  nitric  acid,  and  crystallising  from  hot  nitric  acid  in  scales 
navingthe  composition  C*H*N^O.AgNO'.  An  ammoniacal  solution  of  nitrate  or  chlo- 
ride of  silver  forms  with  solution  of  sarcine,  a  gelatinous  precipitate  consisting  of 
C*H*N*O.Ag*0,  which  contracts  strongly  in  drying,  and  is  insoluble  in  ammonia.  These 
silver-precipitates  may  be  used  for  the  purification  and  quantitative  estimation  of 
■arcine. 

S  ASOOCOXXA.  A  gum-resin  collected  in  Ethiopia  and  at  the  Cape  of  Gk>od  Hope, 
probably  from  Penacca  mitcronata,  P.  SarcocoUa,  and  P.  squamosa.  It  forms  yellow 
irregular  grains  of  various  size,  and  moro  or  less  aggregated;  is  inodorous;  has  a 
sharp  and  sweetish-bitter  taste ;  swells  up  strongly  when  heated,  without  completely 
maltiDg ;  and  bums  with  an  odour  like  that  of  caramel.    It  consists  chiefly  of  rosin, 
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and  the  filtrate  is  evaporated  over  the  vater-bath  to  a  sjrrup,  which  crystallises  in  24 
to  36  hours. 

2.  Ethylic  chloracetate  is  heated  in  a  sealed  tube  to  120° — 130®,  with  excess  of  con- 
centrated aqueous  methylamine,  whereby  the  chloracetic  acid  is  completely  decomposed, 
and  hydrochlorate  of  methylamine  is  produced,  tosether  with  sarcosine.  The  liquid  is 
then  boiled  with  baryta-water  till  the  whole  of  the  methylamine  is  distilled  oS,  and 
the  remaining  solution  is  freed  from  baryta  by  sulphuric  acid,  and  eyaporated  to  a 
Byrup.  Hydrochlorate  of  sarcosine  then  separates  in  a  crystalline  mass,  which  must 
be  pressed  between  paper  and  dissolved  in  boiling  alcohol,  whence  it  separates  in 
shining  needles.  On  decomposing  this  salt  with  carbonate  of  silver,  treating  the  filtrate 
with  animal  charcoal,  and  evaporating,  sarcosine  separates  in  crystals  after  a 
few  days. 

Properties. — Sarcosine  forms  trimetric  crystals,  ooP.  Poo ,  with  the  faces  P  and  oP, 
lees  frequent  and  but  slightly  developed.  Angle  oeP  :  ooP  —  77**  (Kopp).  They 
are  rather  large,  colourless,  and  perfectly  transparent,  veiy  soluble  in  water,  slightly 
soluble  in  alcohol,  insoluble  in  ether.  They  preserve  their  appearance  unaltered  at 
100°,  but  melt  at  a  higher  temperature  and  volatilise  without  residue. 

Sarcosine  heated  with  soda-lime  gives  off  methylamine.  The  aqueous  solution  of 
the  sulphate  is  decomposed  b^  peroxide  of  lead,  with  brisk  efifervescence,  yielding  an 
alkaline  solution,  which  contains  methylamine.   (Dessaignes.) 

The  aqueous  solution  of  sarcosine  is  neutral  to  vegetable  colours,  and  has  an  acrid, 
■weetish,  slightly  metallic  taste.  It  does  not  precipitate  a  solution  of  silver-nitrate  or 
mercuric  chloride;  but  a  aystal  of  sarcosine  introauced  into  a  cold  saturated  solution 
of  mercuric  chloride  dissolves  readily,  and  soon  forms  numerous  delicate  needles  of  a 
double  salt,  which  ultimately  converts  the  liquid  into  a  solid  mass.  A  solution  of 
cupric  acetate  is  coloured  dark-blue  by  sarcosine  in  the  same  manner  as  by  ammonia, 
and  the  liquid  yields  by  evaporation  thin  lamina  of  a  double  salt  having  the  same 
colour. 

Hydrochlorate  of  Sareonne. — Sarcosine  evaporated  with  hydrochloric  acid  yields  a 
white  mass,  which  crystallises  from  alcohol  in  small  transparent  needles.  The  solution 
mixed  with  excess  of  platinic  chloride,  yields,  by  spontaneous  evaporation,  large,  honey- 
yellow,  octahedral  segments  otAplatinum-Mftf  which,  when  freed  from  excess  of  platinic 
chloride  by  washing  with  ether  and  alcohol,  contains  2(C*H'N0*.HC1)  J*tCl\2H*0 : 
it  gives  qff  its  water  at  100°. 

The  eulphaie,  2C*H'N0*.H*S0«,  prepared  as  above  (p.  198),  dissolves  in  10  to  12  pts. 
of  boiling  alcohol,  and  separatee  on  cooling  in  transparent,  colourless,  highly  lustrous, 
four-sid^  plates,  resemblinff  chlorate  of  potassium.  It  gives  off  its  water  (6*8  per 
cent)  at  100°,  dissolves  readily  in  water,  forming  an  acid  solutioii,  very  slightly  in 
cold  alcohoL  From  the  aqueous  solution  it  crystallises  in  large  plumose  luminff*. 
(Liebig.) 

SAAB.  A  deep  brownish  variety  of  chalcedony,  of  a  blood-red  colour  by  trans- 
mitted light. 


The  ancient  name  of  a  variety  of  agate,  containing  layers  of 
sand  or  cornelian. 


Onyx  consisting  of  layers  of  sand  and  white  chalcedony. 

aLA-«OOT.    The  root  of  the  South  American  Smilax  Sarsa- 

parillOf  Sm,  syphilitica,  or  8m.  officinalis^  and  probably  of  other  species  of  the  same 
genus.  It  contams,  besides  gum,stareh,  &c,  a  peculiar  substance,  variously  designated 
as  parallin,  pariglin,  parallic  acid,  salsaparin,  sarsaparillin,  and 
■milacin. 


■ll»B/IPA»TliTiTW,  This  substance, first  extracted  ftom  sarsapariUaby  Pallota 
(Schw.  J.  xliv.  147),  and  further  studied  by  Poggiale  (Ann.  Ch.  Pharm.  xiii.  84), 
Thubeuf  (iWa.  xiv.  76),  and  Petersen  (ilnd.  xv.  74 ;  xvil  166X  is  deposited  in  the 
oystalline  form  from  the  concentrated  alcohoUc  extract  of  the  root,  previously 
decolorised  by  animal  charcoal,  and  may  be  purified  by  recrystallisation.  It  forms 
coburless  inodorous  needles,  very  soluble  in  water  and  alcohol  at  the  boiling  heat,  less 
soluble  at  ordinary  temperatures,  soluble  also  in  ether  and  volatile  oils,  slightly  soluble 
in  fixed  oils.  The  solutions  froth  when  agitated.  The  crystals  contain  8*66  per  cent, 
water,  which  they  give  off  at  100°.  The  dried  substance  gives  by  analysis  from  62- 1 
to  63*6  per  cent,  carbon,  and  84  to  9*8  hydrogen.  Sarsapanllin  is  decomposed  by  nitric 
acid.  Strong  sulphuric  acid  dissolves  it  with  deep  red  colour,  changing  to  violet,  and 
ultimately  to  yellow.  Water  precipitates  it  unalteied.  (See  Pabigun.  Handw  d, 
Ckem.  vi.  94.) 

A  volatile  oil  obtained  from  the  hvk  and  wood  of  the  root 
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285),  by  the  action  of  sulphuric  acid  on  sassafiras-oiL  When  equal  volumes  of  alcohol, 
sulphuric  acid,  and  sassafras-oil  are  heated  together,  a  rnl  tumefied  mass  is  formed, 
consisting  of  a  compound  of  sassarubrin  and  sulphuric  acid ;  and  on  treating  this  resin 
with  ammonia,  and  washing,  sassarubrin  remains  as  a  tasteless  mass,  which  is  soluble 
in  alcohol  and  in  other,  and  colours  sulphuric  acid  red,  even  in  small  quantity. 
Precisely  similar  actions  are  exhibited  by  the  oils  of  cloves  and  cinnamon. 

When  the  oily  mixture  of  sulphuric  acid,  alcohol,  and  sassafras-oil  is  heated,  there 
is  evolved  at  first  a  yellowish  liquid,  designated  by  Hare  as  sassafrin,  which,  when 
freed  from  sulphurous  acid  by  ammonia,  and  from  admixed  ether  by  heat,  is  neutral, 
and  has  an  odour  different  from  that  of  sassafras-oil. 

BASBOlalXif  or  SA880ZiZTB.  Native  boric  acid,  BH'C,  occurring  more  or 
less  pure  in  irregular  six-sided  laminae  belonging  to  the  triclinic  system,  or  as  a  crust, 
or  in  stalactitic  forms  composed  of  small  scales.  It  is  white,  or  yellowish  (when 
tinged  by  sulphur),  has  a  nacreous  lustre,  a  specific  gravity  of  1*48,  and  is  easily 
friable.  It  ocxiurs,  as  a  deposit  from  hot  springs  or  ponds,  in  the  lagimes  of  Tuscany, 
abundantly  also  in  the  crater  of  Vulcano,  one  of  the  Lipari  Isles,  forming  a  layer  on 
the  sulphur ;  it  was  first  found  near  Sasso,  whence  its  name. 


This  name  has  been  given  to  native  arsenide  of  iron, 
FeAs*,  from  Fossum  in  Norway. 


A  liquid  is  said  to  be  saturated  with  a  solid  or  a  gas  when  it 
has  taken  up  the  maximum  quantity  of  that  solid  or  gas  which  it  is  capable  of  dissolving 
under  the  existing  circumstances.  The  quantity  of  a  salt,  or  other  solid,  which  a  given 
liquid  is  capable  of  dissolving,  depends  upon  its  temperature,  and,  for  the  most 
part,  increases  with  the  temperature,  so  that  a  solution  saturated  at  a  given  tem- 

Serature  is  no  longer  saturated  at  a  higher  temperature,  and,  on  the  ot^er  hand, 
eposits  a  portion  of  the  dissolved  solid  when  the  temperature  falls. 
The  quantity  of  a  gas  which  a  liquid  can  dissolve  depends  upon  both  temperature  and 
pressure,  increasing  for  the  most  part  directly  with  the  pressure,  and  diminishing  as 
the  temperature  rises,  so  that  a  solution  saturated  at  §  given  pressure  and  temperature 
gives  off  a  portion  of  the  gas  when  the  pressure  is  diminished,  or  the  temperature  rises. 
(See  Gases,  ABSoaPTioir  or,  ii.  790.) 

With  reference  to  the  compositibn  of  salts,  the  word  saturation  is  equivalent  to 
neutralisation,  an  acid  being  said  to  be  saturated  with  a  base,  when  it  unites  with  the 
quantity  of  that  base  required  to  form  a  neutral  or  normal  salt, 

BATint  ATZOV,  CAPACZTT  OF.  A  term  employed  by  Berzelius  to  denote  the 
quantity  of  oxygen  which  must  be  contained  in  a  base  in  order  to  form  a  neutral  salt 
with  100  pts.  by  weight  of  an  anhydrous  oxygen-acid  or  anhydride.  Thus,  as  in  the 
neutral  sulphates,  the  oxygen  of  the  anhydrous  acid  is  to  that  of  the  base  as  3  :  1,  in 
the  neutral  nitrates  as  5  :  1,  in  the  neutral  carbonates  as  2  :  1,  in  the  acetates  as 
8  :  I,  &a ;  and  as,  moreover,  100  pts.  of  sulphuric  anhydride  contain  60  pts.  oxygen, 
100  pts,  nitric  anhydride  74'07  oxygen,  100  pts.  carbonic  anhydride  72*72  oxygen, 
100  pts,  acetic  anhydride  47*06  oxygen,  &c.,  it  follows  that  the  saturating  capacity  of 

sulphuric  acid  is   —  =20;  of  nitric  acid  =14-81;  of  carbonic  acid  = 

3  47.06  6  2 

86-36;  of  acetic  acid  -  ■ --«  16*69. 


By  this  name  the  alchemists  originally  distinguished  lead  and 
its  compounds,  Acetum  Satumi,  Saccharum  Batumi,  Cinis  Satumi,  &c.,  probably 
because  lead  easily  fuses  with  other  metals,  and  devours  them,  as  it  were,  as  Saturn  is 
said  to  have  devoured  his  children. 


Syn.  with  Zoism. 

or  Dhara  Dammar,  is  the  name  of  a  resin  collected  in  the 
northern  parts  of  Hindostan  from  the  saul-troe,  Shorea  robusta. 


Lemantite,  Felsite.  Jadetenace,  Fddspath  tenace.  Alhitecom- 
pacte.  Bitterstein. — A  mineral  allied  to  labradorite,  occurring  in  crystallo-granular  or 
compact  masses,  sometimes  with  labradorite,  sometimes  in  place  of  it,  as  a  constituent 
of  euphotide,  hyperathenite,  diabase,  gabbro,  and  other  similar  rocks.  It  exhibits 
indistinct  cleavage  in  two  directions,  parallel  to  the  faces  of  a  rhombic  prism  of  24^ 
nearly.  Hardness  =  5*5  to  6*0.  Specific  gravity  =  3*2  to  3*4.  Colour  grey,  greenish, 
n^ddish,  or  bluish.  Dull,  or  with  a  faint  lustre.  Subtranslucent.  Fracture  splintery 
to  imeven.  Extremely  tough.  Before  the  blowpipe  it  melts  with  great  difi&culty  to  a 
greenish-grey  glass.     It  is  not  acted  upon  by  acids. 
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Analyaes. — a.  From  the  Lake  of  Geneys  (M.  de  Saussure,  Joum.  des  Mines,  xix. 
205).— -6.  From  the  same  (Elaproth,  Beitrdget  iv.  271). — e.  From  Mont  Genevre: 
greenish-white;  specific  gravity  «  2*65  (Boulanger,  Ann.  Min.  [3]  viii.  159). — 

d.  From  the  Orezza  rallej,  Corsica:  easily  fosible  before  the  blowpipe  (Boulanger). 

e.  From  Switzerland:  bluish- white ;  specific  gravity  »  3*365  (Hunt,  Sill.  Am.  J. 
[2]  xxvii.  336).—;/'.  From  the  euphotide  of  the  Lake  of  Geneva :  finely  granulo-crys- 
taUine;  greyish  to  bluish- white ;  specific  gravity  ■■  3*227  (Fikenscher,  Jahresb^ 
1863,  p.  811): 
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These  analyses  may  be  represented  by  the  general  formula  3(M*;M')SiO*.2M*Si'0'*, 
similar  to  that  of  mejonite,  which  however  contains  no  alkali. 

The  name  Sausaurite  has  been  extended  to  other  constituents  of  the  above-mentioned 
rocks,  of  similar  character,  but  containing  a  larger  proportion  of  silica  (48  to  54 
per  cent.)  (See  Bammdsber^s  Minerakhemitf  p.  605;  and  Jahresb.  1861,  p. 
997.) 

SAVXmBf  OUa  OF.  Sddebaumol,  Sevenbaumol. — A  volatile  oil  obtained  by 
distilling  with  water  the  berries  and  the  herb  of  the  savine  {Junipents  Sdbina),  Ac- 
cording to  Dumas,  it  is  polymeric  with  oil  of  turpentine,  C>*H'*.  It  is  a  nearly  colour- 
less mobile  oil,  which  partly  resinises  on  exposure  to  the  air,  becoming  yellow  and 
somewhat  viscid.  It  has  a  pungent  disagreeable  odour,  and  a  sharp,  aromatic,  camphor- 
like taste.  Specific  gravity  »  0*91  to  0*94.  Absolute  alcohol  dissolves  it  in  all 
proportions ;  with  2  pts.  of  highly  rectified  spirit  it  forms  a  clear  solution  ;  with  3  pts. 
or  more,  an  opalescent  solution.  It  detonates  with  iodine,  and  is  converted  by  nitric 
add  into  a  reddish-yellow  balsam.  When  mixed  with  an  equal  quantity  of  strong 
sulphuric  acid,  it  yields,  according  to  Winckler  (Repert.  Fharm.  [2]  xlii.  330),  a 
fourth  of  its  weight  of  an  oil,  which  after  distillation  over  potash,  is  very  much  like  oil 
of  thyme.  According  to  Zeller  fN.  Jahresb.  f.  Pharm.  xii.  1),  the  fresh  herb  of 
savine  yields  \\  per  cent,  of  the  oil;  the  dry  herb  2  per  cent. ;  the  fresh  berries  10 
per  cent. 

8A.VZTX.  A  mineral  occurring  in  the  gabbro  of  Tuscany,  forming  thin  dimetric 
prisms  [trimetric,  according  to  Breithaupt,  Berg-  u.  huttenm.  Zeit  1855,  p.  223]  of 
91^  41',  colourless,  transparent,  having  a  hardness  «  3*3,  and  specific  gravity  « 
2*450.  Melts  with  great  difficulty  before  the  blowpipe.  According  to  Bechi  (Sill. 
Am.  J.  [2]  xiv.  64),  it  contains  49*17  per  cent,  silica,  19*66  alumina,  13*60  magnesia, 
10*62  soda,  1-23  potash,  and  6*67  water  (»  100*65),  agreeing  approximately  with  the 

formula  (M[^a»)Si«0».Al-SiO*.2H*0.  According  to  a  new  examination  of  the 
crystals  byQuintino  Sella  {N.  Cimento,  March  1858),  the  formula  agrees  exactly 
with  that  of  natrolite. 


Syn.  with  Bismuth-nickkl  (i.  596). 

A  genus  of  dipsacf>ous  plants,  three  species  of  which  have  been 
chemically  examined  by  Sprengel  (J.  f.  techn.  Chem.  viii.  311,  373 ;  ix.  1),  with  the 
following  results : — 

Id  lOO  partf :  Scabiata  $uea'$a,        Scabiosa  arvmsis.   Scabio$a  columbaria. 

Water    .....  830  800  700 

Substances  soluble  in  water  J  ^2-5  13.0  17.5 

and  in  caustic  potash        > 
Ash 1-6  11  1-5 

Composition  of  the  Ash  in  100  parts, 

K«0  Na«0  CaO  MgO  APO*  FeSO^ 

Sc.succisa      .     381  4*9  31*2  47  0*2  .    . 

Sc.arvensi^    .     407  10  294  70  1*0  0-9 

Sc.  columbaria     38*7  13  381  6G  06  .    . 

8CAUB8  OF  FZSBS8  iklTD  AMPBZBXA.  The  chemical  composition 
of  the  scales  of  fibhes  is  similar  to  that  of  bone,  but  they  contain  a  larger  pro- 
I>ortion  of  organic  matter.     The  orgjinic  constituent  has,  according  to  Fremy,  the 
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same  composition  as  oss^^in,  and  is  likewise  conTerted  into  gelatin  by  boiling  with 

water.    The  following  table  exhibits  the  composition  of  fish-si^es  as  determined  by 

Cheyreul : — 

Lepi$oi*ea,       Perca  labraM,     Chetodon. 

Animal  matter .         .        .         .        4116  5500  61*42 

Basic  calcic  phosphate 

Calcic  carbonate 

Magnesic  phosphate 


Fat 

Sodic  carbonate 

Loss 


46*20             37-80  4200 

1000               306  3*68 

220               090  0*90 

0*40               0*40  100 

0*10               0*90  100 

1*94 


The  ash  of  fish-scales  has  been  analysed  by  Fr^my  with  the  following  results : — 

Ash  Basic  calcic    Magnesic        Caldc 

per  c«>nt.        phosphate,   phosphate,    carbonate. 

Scales  of  Lepisostea.        .        .        69*3  61*8  7*6  40 

Umber-fish        .        .        41*9  36*4  0*7  20 

Pike.         .        .         .        43-4  42-6  trace  1*3 

„         Carp  .         .         .        34-2  33*7  .     .  11 

Brummerstadt  found  in  the  scales  of  the  carp,  60*352  per  cent,  cartilaginous  substance 
(chondrin),  and  39468  inorganic  matter,  consisting  of  34*074  calcic  phosphate,  3*777 
calcic  carbonate,  1  *060  magnesic  carbonate,  and  0*557  magnesic  phosphate. 

The  colours  of  fish-scales  appear  to  be  due  to  interference.  The  silvery  coating  of  the 
scales  of  the  bleak  (Ci/prinus  albumus)  is  used  for  making  artificial  pearls.  It  is 
separated  by  agitating  the  fishes  with  water,  then  drenched  with  ammonia,  and  the 
liquid  is  preserved  in  a  tightly-corked  bottle.  Part  of  the  silveiy  substance  dissolves 
in  the  ammonia,  while  the  rest  remains  suspended.  The  liquid  thus  obtained,  called 
Essence  d  Orient ^  is  poured  into  small  glass  beads,  and  then  poured  out  again,  leaving  the 
inner  surface  covered  with  a  thin  mm,  which,  as  the  ammonia  evaporates,  forms  a 
shining  pearly  coating  on  the  class.    The  bead  is.  then  filled  up  with  white  wax. 

The  scales  of  amphibia  are  histologically 'similar  to  epithelial  structures,  and  chemi- 
cally to  homy  substance.  The  shell  of  the  tortoise  and  other  chelonians  is  of  similar 
nature.  The  scales  of  serpents  were  found  by  Frimy  to  yield  a  small  quantity  of 
alkaline  ash,  and  to  consist  of  a  substance  resembling  epidermis.  (Handw»  d.  Chem, 
▼ii  381.) 

X^ZB.    See  JAua>ic  acid  (iiL  436). 

See  Jalapdt  (iii.  438). 

ACZD.    See  Jaulfdcolic  acid  (iiL  440). 

Seammonium, — A  pui^tive  gum-resin,  produced,  according  to 
GKiibourt,  by  two  species  of  Convolvulus,  viz.  C.  Scammonia  (L.)  and  C  hirsutus  (Stev. ), 
growing  in  Syria  and  Asia  Minor.  There  are  two  sorts  of  it,  known  in  commerce  as 
Aleppo  ana  Smyrna  scammony.  According  to  other  authorities  (Handw.  d.  Chem. 
yii.  275),  Aleppo  scammony  is  obtained  from  Convolvulus  Scammonia,  and  perhaps 
from  other  species  of  the  same  genus,  and  Smyrna  scammony  &em  Periploca  Secamone, 
a  plant  belonging  to  the  apocyanaceous  order.* 

Aleppo  scammony  is  the  most  esteemed.  When  of  superior  quality  it  forms  flat 
masses,  rather  light,  and  somewhat  hollow  within,  dull  ana  blackish-grey  on  the  frac- 
tured surfaces ;  thin  fragments  appear  transparent  when  examined  by^a  magnifying 
glass.  It  is  friable,  has  a  powerful  odour,  and  is  often  covered  with  a  gr^y  powder  re- 
sulting from  the  fndion  of  the  lumps.  Inferior  sorts  hare  the  form  of  flat  orbicular 
lumps,  compact,  heavy,  and  without  internal  cavities.  The  firacture  is  then  black  and 
vitreous,  and  thin  fragments  are  very  transparent.  This  kind  of  scammony  is  abo 
friable,  and  has  an  odour  like  that  of  the  better  sort,  but  £Giinter.| 

Smyrna  scammony  is  duU-brown,  heavy,  not  friable,  and  has  a  dull  vitreous  fracture. 
Its  odour  is  faint  but  disagreeable. 

The  composition  of  commercial  scammony  is  subject  to  considerable  variations.  In 
three  specimens  of  genuine  Aleppo  scammony.  Mar  quart  (Arch.  Pharm.  vii.  236; 
z.  124)  found  81*25,  78*5,  and  77  per  cent,  resin  soluble  in  alcohol  (which  is  the  active 
principle),  the  remainder  being  made  up  of  wax,  extractive  matters,  gum,  starch,  albu- 
min, fibrin,  and  inorganic  salts.  In  one  specimen,  evidently  adulterated,  the  proportion 
of  resin  was  as  low  as  8*5  per  cent.,  the  remainder  being  chiefly  made  up  of  starch, 
gum,  gluten,  and  salts.    Another  specimen,  in  which  the  proportion  of  resin  was  32  5 

*  There  is  also  a  fklse  or  spurious  icair.inonf,  known  as  French  or  Montpelier  scammonr, 
which  Is  prepared  In  the  South  of  France  from  the  expressed  Juice  of  an  ascleplndaceous  plant, 
CyiMMcAsws  nunupeliacmm,  and  mixt^  with  various  resins  and  other  puigative  drugs ;  but  it  Is  a 
dangerous  purgative,  and  should  never  be  used. 
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Dauria,  afibrds  an  examplo  of  this  alteration,  containing  40'68  per  cent.  SiO',  28'57 
A1«0*,  11  05  CaO,  3-50  Na'O,  089  FeO,  and  MnO,  and  14-65  CaCO".  Sometimes  the 
action  of  the  carbonic  acid  goes  so  far  as  to  carry  off  nearly  all  the  stronger  bases,  and 
reduce  the  mineral  to  a  kaolin.  Acid  carbonate  of  magnesium  in  solution  converts 
scapolite  into  soapstone.  By  alkaline  carbonates  in  solution,  alkalis  may  be  introduced 
and  lime  removed,  thus  forming  mica,  algerite  (i.  113),  and  perhaps  also  zeolites.  By 
means  of  ferrous  carbonate  dissolved  in  carbonic  acid,  an  oxide  of  iron  may  be  intro- 
duced; and  the  iron  being  oxidised  to  ferric  oxide  during  the  process,  epidote  in  the 
form  of  scapolite  is  produced.  Mheriastite,  a  highly  hydbrated  scapolite  from  Arendal 
(i.  430),  is,  according  to  Hausmann,  the  original  wemerite  of  Haiiy. 

Scapolite  is  usually  found  in  ciystalline  rocks  and  in  granular  limestones,  most 
commonly  near  its  junction  with  granite,  also  in  beds  of  magnetic  iron  accompanying 
this  rock.  In  the  lutt-er  situation  it  occurs  at  Arendal  in  Norway  and  Wermland  in 
Sweden  ;  also  in  fine  crystallisations  in  Pargas  in  Finland,  &c.  Paranthine  occurs  in 
the  limestone  quarries  at  Marlsjo  in  Wermland ;  porcelain-spar  in  granular  limestone 
at  01>oruzelI,  in  Bavaria  ;  ^laucolite  near  Lake  Baikal  in  Siberia,  in  veins  in  granite. 
(Dana,  ii.  202).     The  localities  of  other  varieties  have  already  been  mentioned. 


An  argillaceous  mineral  from  Scarborough,  containing,  accord- 
ing to  Vernon  (Berz.  Jahresb.  x.  169),  10*5  per  cent,  silica,  42*5  alumina,  0*25  ferric 
oxide,  and  46*75  water. 


Syn.  with  Chabazitb  (i.  843). 

Syn.  with  Bismttth-selver  {i.  697). 
Arsenite  of  copper  (i.  376). 
SCRBBSUiTlJrB.    Native  tungstate  of  lead.  (See  Tunostatbs.) 
SCBBH&ZTBi    Native  tungstate  of  calcium.    (See  Tunostates.) 
8CBBXRSRZTB.    This  name  has  been  applied  to  two  fossil  resins  occurring 
at  Uznach,  near  St.  Gallen,  in  Switzerland :   1.  A  crystalline  resin  polymeric  with 
marsh-gas,  of  specific  gravity  0*65,  and  melting  at  44°. — 2.  A  hydrocarbon,  poly- 
meric with  benzene,  already  described  as  ret  en  e  (p.  97). 

SCBaFVaxXTB.  A  mineral  formerly  regarded  as  a  garnet)  occtirring  in  the 
iron  mine  of  Langbanshyttan  in  Sweden.  It  has  a  red-brown  colour;  hardness  = 
6*6  ;  specific  gravity  «  3*39 ;  is  slightly  attacked  by  hydrochloric  acid,  with  evolution 
of  chlorine.  Contains,  according  to  Michaelson  (Jahresb.  1863,  p.  804),  52*31  per 
cent  silica,  19*09  lime,  10*86  magnesia,  10*46  manganous  oxide,  1*63  ferrous  oxide, 
and  3*97  ferric  oxide  (loss  by  ignition  0*60).  The  oxygen-ratio  of  the  protoxides  and 
silica  is  1 :  2  ;  hence  Michaelson  regards  the  mineral  as  an  angite. 

BCB&BBBTXVZra.  A  fossil  resin  from  the  coal-mines  of  Wigan,  in  Lancashire. 
It  forms  black  drops  and  granules,  sometimes  as  big  as  nuts,  brittle,  and  of  conchoidal 
fracture.  Specific  gravity  ^  1*136.  Combustible.  By  dry  distillation  it  yields 
water  and  a  large  quantity  of  empyreumatic  oil,  and  leaves  a  residue  of  charcoal.  It 
is  insoluble  in  water,  alcohol,  ether,  and  alkalis,  and  is  slowly  decomposed  by 
strong  nitric  acid.  When  it  is  reduced  to  fine  powder  and  boiled  with  water,  alcohol, 
and  ether  in  succession,  traces  of  oil  are  dissolved,  after  which  it  contains  at  120°,  on 
the  average,  3*68  per  cent,  of  ash,  76*96  per  cent.  C,  8*95  H,  and  10*42  O,  correspond- 
ing to  the  formida  C«H"0«  (Mallet,  PhiL  Mag.  [4]  iv.  261).— This  body  was 
erroneously  regarded  by  Dana  and  Mallet  as  identical  with  Bochleder^s  pyroretin. 
(Eenngott.) 

0CBWBZBBSZTB.  A  zeolite  from  the  gabbro  of  Tuscany,  having  a  confusedly 
lamino-radiate  structure ;  hardness  »  3 ;  white  and  opaque.  (Contains,  according  to 
Bechi  (Sill.  Am.  J.  [2]  xiv.  64),  47*79  per  cent,  silica,  19*38  alumina,  16*76  lime, 
11*04  magnesia,  1*62  alkali,  and  3*41  water.  Breithaupt  regards  it  as  a  decomposed 
laumontite. 


or  8CHOS&OAUTB.  A  calcio-ferric  silico-titanate  occnrring 
on  the  Ozark  Mountains,  Magnet  Cove,  Arkansas,  together  with  elaeolite,  brookite,  and 
garnet ;  also  embedded  in  phenolite  at  Oberschaffhausen,  on  the  Kaiserstuhl. 
Hardness  =  7*76.  Specific  gravity  «  3*783 — 3*862.  It  is  massive  without  cleavage, 
black  and  opaque,  with  semivitroous  lustre.  Before  the  blowpipe  it  melts  with  diffi- 
culty on  the  edges  to  a  black  vitreous  mass,  and  exhibits  with  borax  and  phosphorus- 
salt  the  reactions  of  titanium.  Acids  decompose  it  imperfectly,  with  separation  of 
gelatinous  silica.  (Shepherd,  Sill.  Am.  J.  [2]  ii.  251. — Whitney,  Joum.  Bost. 
Nat.  Hist.  Soc.  1849,  vi.  46.) 

AfuUvses. — a.  From  Arkansas  (Rammelsberg,  Miner alchemiey  p.  886). — b.  From 
the  Kausersthul :  specific  gravity  «  3*745  (A.  Claus,  Ann.  Ch.  Pharm.  cxxix.  213)  : 
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MO*  TIO«  Fe'C  FeO  C*0  MgO    K'O  Na«(> 

* . ' 

a.  26-24         21-34         20-11         1-67         29*38         1-36         .     .      «     100 

b.  29-55         2118         1808         .     .  2513         122         422     «       9938 

Rammelsbeig  deduces  from  his  analysis,  which  agrees  very  nearly   with  Ihoso  of 
Whitney  and  Crossley,  the  formula  3(2Ca"O.SiO0.(2Fe«O«.3SiO»).(2Ca"O.3TiO-). 

Syn.  with  Topaz. 

Syn.  with  Schorlamtte. 

A  phosphide  of  iron  and  nickel,  occurring  in  meteoric  iron, 
and  forming  the  principal  part  of  the  residue  loft  on  dissolving  the  iron  in  hydrochloric 
acid  (Mbteoritbs,  iii.  978).  Under  the  microscope  it  often  appears  in  sharply-defined 
crystals.  Its  colour  is  sometimes  steel-grey,  sometimes  yellowish  or  browniph.  It  is 
stron^I^  magnetic,  dissolves  with  diflSculty  in  acids,  and  is  often  mixed  with  graphite 
and  sibca.  Hardness  =»  about  6-5.  Specific  gravity  =  701 — 7'22.  It  varies  greatly 
in  composition,  as  the  following  analyses  will  show  {Rammchherg'a  Mineralchemie, 
p.  947)  :— 

Elboffn,  Bohumititz.  Braunau.   Seetdsgen.  Schirttx.  At-va. 

Berseliut.  Duflot.        Raininetkberg.  Patera.      B<>rgo- 

Fitcher.  niunn. 

Phosphorus      .     .     14-17         14-76       1272        7*37       3600        726        614 

Iron 68-11         6946       6013       6263       2234       87*20       78  36 

Nickel    ....     17-72*       1579      2715      2918      3666        4-24       15-47 

100.00       100.00     100.00    CaO;82         5-00       9870       9997 

100-00     lOOOO 

Krnsnqfnrsk.  Zaeaiectu.  Ocotitlan.       Misteen.  Coihee^t       KiufxvilU, 

Berieiiiu.    Dergeroann.  H.  Mtiller.  Bergemann.         Creek.  Saiith. 

Phosphorus  1847  24  10-23  364         11-61  331  14-39 

Iron.    .     .48-67?  yg  7602  8632        68-36  8777  6660 


] 


Nickel  .     .  18-33 (        _  14j52  JlO-14         2995  892  26*76 

Magnesium    966  100  99-77  lOO'OO        99.92    .     10000        Co^O-34 

9513  '~98^9 

Faye  (Compt.  rend.  Ivii.  801),  by  exposing  a  mixture  of  8  grms.  ferric  oxide, 
3*7  grms.  nickel-oxide,  10*1  sodic  phosphate,  6  grms.  silica,  and  2  grnis.  clmrcoal,  to  a 
white  heat  in  a  graphite  crucible,  obtained  a  black  slag,  a  metallic  regulus  of  nickel 
and  iron,  and  between  the  two  a  crust  of  yellowish  metallic  shining  laminae,  exhibiting 
tlie  characters  of  schreibersite. 


8CBSOTTSRZTB.  An  amorphous  mineral,  resembling  allophane,  from  the 
Dollinger  mountain,  near  Frankenstein  in  Styria,  where  it  occurs  in  nests  between 
clay-slate  and  granular  limestone.  Hardness  «  3 — 3*5 ;  specific  gravity  =  1-96 — 2-05. 
Colour  greenish,  yellowish,  or  sometimes  spotted  with  brown.  Contains,  according 
to  Schrotter  (J.  pr.  Chem.  xi.  380),  11-94  percent,  silica,  4629  alumina,  280  ferric 
oxide,  1-16  lime,  0-25  cupric  oxide,  0-63  sulphuric  acid,  and  35-85  water,  which  may 
be  represented  by  the  formula  6Al'O'.2SiO'.20H*O.  It  is  probably  a  mixture  contiiin- 
ing  hydrate  of  aluminium. 

Syn.  with  Ccelkstin  (i.  1069). 

Squill.  A  liliaceous  plant,  growing  wild  on  the  shores 
of  the  Mediterranean.  The  fleshy  bulbs,  which  are  used  in  medicine,  have  been  investi- 
gated by  several  chemists,  but  with  somewhat  discordant  results.  They  contain  a 
volatile  oil,  an  acrid  substance,  a  bitter  principle,  gum,  sugar,  and,  according  to 
Landerer,  starch  and  fat,  together  with  phosphate,  citrate,  and  perhaps  also  tartrate  of 
calcium. 

The  volatile  oil,  obtained  by  distilling  the  bulbs  with  water,  is  mobile,  slightly 
coloured,  has  a  pungent  disagreeable  odour  (like  that  of  garlic  or  mustard  oil),  and 
blisters  the  skin  ;  so  likewise  does  its  alcoholic  solution. 

The  investigations  on  scillitin,  the  active  ingredient  of  the  bulbs,  have  not 
determined  whether  it  is  to  bo  classed  with  the  resins,  the  alkaloids,  or  the  bitter 
principles.  Mandet  (Compt.  rend.  li.  87)  distinguishes  two  peculiar  bodies,  the 
poisonous  and  irritating  sculein,  and  the  non-poisonous  scillitin, but  adds  nothing 
further  concerning  them.  Schroff  (N.  Repert.  xiv.  241)  also  distinguishes  a  njuvotic 
principle  («Ji//i/in)  and  an  acrid  non-volatile  principle.  Righini  (Repert.  Ixiii.  87) 
regards  scillitin  as  impure  veratrin. 

a.  According  to  Tilloy  (J.  Pharm.  xii.  635  ;  ihid.  [3]  xxiii.  406).  squill  contiiins 

*  Witb  Mifir.csium. 
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no  volatile  acrid  principle,  but  crystals  of  calcic  citrate  [oxalate  (Schroff)]  which 
irritate  and  inflame  the  skin  when  rubbed  upon  it.  The  active  constituents  are  an  acrid 
resin  and  a  bitter  substance. 

Dried  squiU-jwwder  gives  up  to  ether  an  agreeably-smelling  yellow  fat  (or  fatty 
acid  ?)  which  may  be  freed  firom  adhering  bitter  substance  by  means  of  hot  water. 
When  the  powder  which  has  been  exhausted  witb  ether  is  digested  with  alcohol,  a  very 
acrid  and  bitter  tincture  is  obtained,  leaving  on  evaporation  an  acrid  resin,  which  is 
freed  from  adhering  fat  by  ether,  and  from  sugar  by  water.  This  resin  is  very 
poisonous;  it  softens  in  hot  water,  dissolves  in  alkalis  and  alcohol,  and  is  not 
altered  by  acids. — The  bitter  substance  is  extracted  by  hot  water  from  squill  previously 
treated  with  ether  and  alcohol;  it  is  precipitated  from  the  liquid  by  charcoal,  which  gives 
it  up  again  to  boiling  alcohol  (Tilloy). 

b.  Vogel  (Schw.  J.  vi.  101)  and  Lebourdais  (Ann.  Ch.  Phys.  [3]  xxiv.  62) 
prepare  the  bitter  substance  as  follows  :— 

1.  Vogel  exhausts  the  concentrated  juice  with  alcohol,  evaporates  the  tincture,  dis- 
solves the  residue  in  water,  precipitates  tannic  acid  by  neutral  acetate  of  lead,  removes 
excess  of  lead  by  means  of  sulphydric  acid,  again  filters,  and  evaporates.  There  then 
remains  scillitin,  together  with  sugar  and  salts,  in  the  form  of  a  colourless  friable 
mass,  which  has  a  very  bitter,  afterwards  sweetish  taste,  and  causes  vomiting  and 
purging.  This  mass  softens  quickly  in  the  air,  and  dissolves  easily  in  water  and 
absolute  alcohol,  and  in  vinegar. — 2.  Lebourdais  precipitates  the  highly  coloured  and 
very  viscid  decoction  of  squiU  with  neutral  acetate  of  lead,  and  agitates  the  cold  filtrate 
with  purified  animal  charcoal  till  it  loses  its  colour  and  bitterness.  The  charcoal  is 
then  washed  and  dried,  and  boiled  with  alcohol,  which  takes  up  the  scillitin,  and  leaves 
it  behind  on  evaporation. — Scillitin  thus  obtained  is  an  amorphous,  neutral,  non-hygro- 
scopic mass,  which  decomposes  easily  when  heated,  dissolves  with  puiple  colour  in  oil 
of  vitriol,  afterwards  blackening,  and  is  decomposed  by  nitric  acid. — A  portion  placed 
upon  the  tongue  produces  the  sensation  of  a  caustic — Bley  (N.  Br.  Arch.  bd.  141) 
operated  in  the  same  way  as  Lebourdais,  avoiding  too  great  heat,  and  obtained  by 
spontaneous  evaporation,  long,  colourless,  flexible  needles,  having  a  very  bitter  taste, 
becoming  amorphous  when  gently  warmed,  and  not  afterwards  susceptible  of  crystal- 
lisation.— According  toWittstein  (Bepert.  [3],  iv.  200),  the  bitter  of  squill  is  not  pre- 
cipitated by  basic  acetate  of  lead,  nor  by  hydrated  oxide  of  lead,  which  latter,  however, 
precipitates  the  acrid  constituent. 

c.  Marais  (J.  Pharm.  [31  xxx.  130)  and  Landerer  (Bepert.  zlvii.  442)  believed 
they  had  obtained  an  alkaloid,  which  Tilloy  was  not  able  to  isolate. 

1.  Marais  exhausts  either  the  dried  squill  with  alcohol  of  56  per  cent.,  or  the  fresh 
bulbs  with  alcohol  of  90  per  cent.,  mixes  the  tincture  with  milk  of  lime,  agitates  with 
ether,  separates  the  supernatant  layer  of  liquid,  and  evaporates,  whereupon  scillitin 
and  fat  remain,  the  latter  of  which  is  removed  by  again  dissolving  the  residue  in 
alcohol. — The  product  is  an  amorphous,  hygroscopic,  pale-yellow  mass,  having  a  pun- 
gent bitter  taste  and  an  alkaline  reaction. — ^It  dissolves  in  oil  of  vitriol,  forming  a 
violet  solution,  from  which  water  precipitates  green  flocks,  and  in  nitric  acid  with  red 
colour,  which  quickly  disappears ;  it  is  insoluble  in  hydrochloric  acid,  but  soluble  in 
ammonia  and  caustic  alkalis,  becoming  decomposed  and  losing  its  bitter  taste.  When 
heated  with  hydrate  of  potassixmi,  it  evolves  ammonia.  It  does  not  dissolve  in  water ; 
produces  with  ferric  chloride  an  orange-yellow,  and  with  platinic  chloride  a  yellow 
precipitate,  and  combines  with  acetic  acid.  It  dissolves  in  alcohol  and  ether.  Taken 
internally,  it  acts  as  an  emetic  and  violent  purgative,  and  afterwards  as  a  narcotic. 
(Marais.) 

2.  Landerer  digests  the  crushed  inner  portions  of  squill  with  very  dilute  sulphuric 
acid,  boils  down  3ie  filtrate  to  one-half,  saturates  it  with  lime,  and  sets  it  aside  for 
three  days ;  then  collects  and  dries  the  residue.  When  this  residue  is  boiled  with 
alcohol,  the  filtrate  deposits  on  evaporation  a  very  small  quantity  of  extremely  bitter 
needles,  which  are  insoluble  in  water,  and  sparingly  soluble  in  aJcohol.  The  needles 
have  an  alkaline  reaction  and  neutralise  acids,  forming  therewith  cnrstalli sable  salts, 
which  melt  when  heated  (evolving  vapours  which  excite  coughing)  and  carbonise,  but  do 
not  leave  a  trace  of  lime.    This  body  does  not  appear  to  be  obtained  from  dried  squilL 

See  the  last  article. 


SCZRPITS.  The  ash  of  the  bulrush  {Sdrpus  lacustria)  has  been  analysed  by 
Fleitmann  (Ann.  Ch. Pharm. Iviii.  391)  andbySchulz-Fleeth  (Pogg.  Ann.  Ixxxiv. 
80),  with  the  following  results  (deducting  the  charcoal) : 


KH> 

Na'O    C«0  MgO  FeSQS    SO^ 

8iO«    C0«      P20»    NiiCI 

KCI 

16-3 

.    .     7-3    2-6     117     4-8 

281      .  .     9-6     27-8 

3-9  «  99-37  (Fleitmann). 

97 

60    70   2-3    0-24     6-6 

46-6     7-9     4-8     101 

.  .  -  9904  (8chnl7^Fleeth). 
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A  term  applied  to  the  incrasting  matter  deposited  within  the 
eolls  of  woody  fibre,  alao  called  liffnin.  This  substance  is  said  by  Payen  to  be  dis- 
tinguished from,  cellulose  by  assuming  an  oranee  colour  when  treated  with  potash  and 
iodine,  whereas  pure  cellulose  turns  blue  under  the  same  circumstances.  Schleiden, 
on  the  other  hand,  denies  its  existence  as  a  distinct  compound.  (See  GmditCs  Hand- 
hook,  xy.  124.) 

•OOXiBCXTB.  lAme  Mesotype,  Needlestone^  PoonahlUe,  Fibrous  Zeolite:  including 
MeMolite  or  Lime  and  Soda  Mesotype. — ^A  hydrated  calcio-alimiinic  silicate,  in  which  the 
calcium  is  sometimes  partly  replaced  by  sodium.  It  forms  monoclinic  ci^-stals,  in 
which  the  ratio  of  the  axes  aioiC'm  1*0282  :  1  :  0*6791.  Angle  of  inclined  axes 
b,e  tm  89^6'.  The  crystals  are  prismatic  or  acicular,  consisting  of  a  prism  of  91^35', 
acuminated  by  four  faces  of  a  monoclinic  mTamid  composed  of  the  hemipyramid  P  of 
144^  40"  and  the  hemipyramid  — P  of  144^0' ;  they  bear  a  strong  general  resemblance 
to  the  crystals  of  natrolite,  ii^ich  consists  of  the  orthorhombic  prism  ooP  »  91^,  acu- 
minated by  four  faces  of  the  pjrramid  P  inclined  to  the  lateral  edges  at  angles  of 
143^0*  and  142^40*.  Twins  also  occur  parallel  to  the  orthodiagonal.  Cleavage  nearly 
perfect,  ]^arallel  to  ooP.  The  mineral  ukewise  occurs  fibrous,  massive,  and  radiated. 
Hardness  —  5 — 6*5.  Specific  gravity  —  2*2— 2*7.  Lustre  vitreous,  or  silky  when 
llbrous.  Transparent  to  subtranslucenU  Pyrolectric  Before  the  blowpipe  it  curls 
up  like  a  worm  (hence  the  name,  from  0«^i|(,  a  worm),  and  finally  melts  to  a  bulky 
shining  slag,  which  in  the  inner  fiame  becomes  a  vesicular  slightly  shining  bead. 

A.  Scoleciteor  Lime  Mesotype. — Analyses:  a.  Prom  the  Berufiord,  Icoland 
(Oibbs,  Pogg.  Ann.lxxi.  665). — 6.  Faroe  Islands  (Stephan,  Bammelsber^s  Mineral- 
chemie,  p.  795). — c.  StafTa:  fibrous  (Fuchs  and  Gehlen,  Schw.  J.  viii.  353; 
x\-iii.  1). — d.  Isle  of  Midi :  radiate,  accompanied  hj  rpidote  (Scott,  Edin.  N.  Phil.  J. 
Oct.  1 852). —e.  Auverene  (G  u i  1 1  em i  n,  Ann.  Min.  xii.  8). — f.  Kiederkirchen, in  Khenish 
Bavaria  (Riegel,  J^b.  pr.  Pharm.  xiii.  1).—^.  East  Indies:  spherical  aggregates 
having  a  radiate  structure  (Taylor,  J.  pr.  Chem.  Ixiii.  467). — A.  dachapual  Valley,  in 
Chili ;  in  porphyry  (Domeyko,  Ann.  Min.  [4],  ix.  3): — 

a.  b,  e.  d,         g,  /.  g.  k. 


Silica    .    .     . 

.    .    46-72 

45-82 

46-76 

4621 

490 

48-08 

46-87 

46-3 

Alumina    .    . 

,     .     25-90 

26-28 

24-82 

2700 

26-5 

23-93 

25-32 

26-9 

Lime     .     .     . 

.    .     13-71 

13-59 

14-20 

13-45 

15-3 

14-22 

13-80 

13-4 

Soda     .    .     . 

110 

•         • 

0-39 

•         • 

•  • 

•  • 

<     • 
•    • 

0-32 

•          • 

0-45 
0-13 

Potash  .    .     . 

1    •      «    • 

Water  .    .    . 

.    .     13-67 

13-60 

13-64 

13-78 

9-0 

13-56 

13-46 

14-0 

10000  100*39     99-80  100*44     998  10010  10003  1006 

These  analyses  lead  to  the  formula  (Ca''O.SiO<).(AlK)'.2SiO').3HK). 

B.  Hesolite  or  Lime  and  Soda  Mesotype. — a.  Portrush,  Ireland  (also  called 
Harrinfftonite),  Thomson  (Outlines  of  Mineralogy^  i.  428). — b,  Kihnure  in  the  lie- 
brides  (Hed  die,  Phil.  Mag.  [3]  xi.  273). —  c.  Berufiord,  Iceland:  spherical  radiate 
(Waltershausen,  Vulk.  Gesteine,  ^.  267).^d.  lre\&nd :  Antrimolite  (Heddle,  ^. 
cit.). — e.  Faroe  Islands  (Ber z el  i  us,  Jahresbericht,  iii.  147).—/.  T^toI:  maesive  and 
fibrous  (Fuchs  and  Gehlen,  Schw.  J.  viii.  353  ;  xviii.  1).—^.  Iceland:  excentrically 
fibrous  (Breidenatein,  Sammelsbery's  Mineralchemie,  p.  798). — h.  Talisker  in  Skye 
(Heddle):— 


a. 

b. 

e. 

tf. 

e. 

/. 

K- 

k. 

Silica     .     . 

.     44-84 

46-26 

46-41 

47*07 

46-80 

46-04 

45-78 

46-71 

Alumina 

.     28  48 

26*48 

26-24 

26*23 

26*50 

2700 

27-53 

26-62 

Lime     .    . 

.     10-68 

10-00 

9*68 

9-88 

9*87 

9-61 

9*00 

9-08 

Soda      .     . 

5-56 

4*98 

4-87 

4-88 

5*40 

5-20 

5-34 

5-39 

Water   .     . 

.     10-28 

13-04 

13-75 

12-24 

12-30 

12-36 

12-38 

12-83 

99-84 

100*76 

100*95 

100-30 

100-87 

100-21 

100-03 

100-63 

Rammelsberg  represents  the  analyses  b^e^dhj  the  formida: 

3[(Na*O.SiO*).(Al'0«.2SiO«).2HK)]  +   7[(Ca''O.SiO«).(Al«0».2SiO«).3HK)] 

and  the  rest  by  the  formida : 

[(Na«O.SiO*).(Al-0«.2SiO«).2H«0]   +  2[(Ca"O.SiO«).(Al»0».3SiO»).3H«0]. 

These  two  formula,  however,  give  very  nearly  the  same  percontnge  composition,  the 
first  requiring  4692  SiO«,  2605  A1*0»,  9*95  CaO,  4*75  NaH),  and  1233  H'O;  the 
second.  4696  Si0^  2609  A1«0",  948  CaO,  528  Na«0,  and  1219  I1«0. 

Scolecite  occurs  also  in  Greenland,  at  Pnigas  in  Finland,  in  Auvergne,  and  in  veins 
in  the  Kilpatrick  Hills. 
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PoonahlUej  a  variety  from  Poonali  in  Hindoetan,  ha«  the  angle  ooP  :  ooP  =  91°  49' 
(Kenngott).  Graelin  (Pogg.  Ann.  xlix.  428)  found  it  to  contain  4512  jwr  cont. 
silica,  30*44  alumina,  10-20  lime,  066  soda  (with  a  tmce  of  potash),  and  13*89  wator 
(«  99*81). 

Antrimdite  occurs  in  white  fibrous  stalactites  at  Antrim,  four  miles  east  of  tlio 
Giant's  Causeway.  Angle  of  prism  «  92°  13';  outer  edges  bevelled  by  a  prism  of 
160°  30'.    Hardness  «  375.    Specific  gravity  -  2096. 

SCO&BZBSOSB.  A  mineral  from  Pargas  in  Finland,  roganled  by  Nordcnskiold 
as  a  variety  of  labnidorite  (iii.  461),  by  others  as  a  scapolito. 

SCOPASZXr.  C"H«0'«.  (Stenh'ouse,  PhiL  Trans.  1851,  p.  422;  Ann.  Ch. 
Pharm.  Ixxviii.  16.) — A  substance  contained  in  Spartium  Scoparium,  oftid  apparently 
constituting  the  diuretic  principle  of  that  plant. 

Preparation. — The  decoction  obtained  by  boiling  the  plant  for  six  or  eight  hours 
with  water,  when  evaporated  to  one-tenth  of  its  bulk,  and  left  at  rest  for  24  hours,  solidi- 
fies to  a  jelly,  containing  scoparin  together  with  chlorophyll  and  a  small  quantity  of  spar- 
tame.  The  jelly  is  washed  with  a  little  cold  water,  dissolved  in  boiling  water  containing 
a  few  drops  of  hydrochloric  acid,  filtered,  and  set  aside  till  it  solidifies :  and  the  jelly  again 
formed  is  purified  by  washing,  pressing,  drying  over  the  water-bath,  and  dissolving 
in  boiling  water,  which  now  leaves  most  of  tlie  chlorophyll  undissolved.  The  chloro- 
phyll may  also  be  precipitated  from  the  aqueous  solution  by  long-continued  boiling;  it 
18  deposited  &om  a  moaerately  concentrated  solution  before  the  scoparin,  and  may  be 
separated  by  filtration  at  the  proper  point. 

Scoparin  thus  obtained  forms,  after  drying  in  a  vacuum,  a  pale-yellow,  brittle, 
amorphous  mass,  tasteless,  inodorous,  and  neutraL  By  precipitating  its  cold  ammo- 
niacsd  solution  with  hydrochloric  acid,  dissolving  the  somewhat  more  solid  jelly  in 
boiling  water,  and  cooling  slowly,  a  small  quantity  of  pale-yellow  crystalline  stars  is 
obtained,  together  with  gelatinous  scoparin.  The  solution  in  hot  alcohol  likewise 
yields  a  ^^uy  on  partial  evaporation,  and  crystals  in  the  cold.  When  an  attempt  is 
made  to  recrrstallise  the  latter  from  hot  alcohol,  there  remains  a  residue  which  dis- 
solves with  difficulty  in  water  and  alcohol,  and  is  obtained  as  a  jelly  having  the  origi- 
nal degree  of  solubility  only  by  dissolving  it  in  ammonia-water,  and  precipitating 
with  hydrochloric  acid.    The  cxystals  and  the  jelly  have  the  same  composition  when 

Scoparin  pufis  up  when  heated^  carbonises  without  subliming,  and  bums  with  bright 
flame.  A  solution  in  potash  or  in  acids  is  decomposed  by  boiling,  with  formation  of  a 
greenish-brown  resin. — Scoparin  assumes  a  blue-green  colour  with  bromine ^  and  a  dark- 
green  with  solution  of  chloride  of  lime. — With  nitric  acid  it  forms  picric  acid. 

Scoparin  is  sparingly  soluble  in  cold,  more  freely  soluble  in  hot  water,  forming  pale- 
yellow  solutions.  It  dissolves  also  in  cold  aleohoi^  more  freely  in  boiling  alcohol.  It 
dissolves  slightly  in  strong  adds  ;  very  easily,  with  deep  yellowish-green  colour,  in 
caustic  ammonia^  the  fixed  alkalis,  and  alkaline  carbonatee,  less  easily  in  lime-  and  baiy  ta- 
water.  The  ammoniacal  solution  leaves,  on  spontaneous  evaporation,  a  green  j<'lly, 
nearly  firee  from  ammonia. 

Scoparin  throws  down  greenish-yellow  flocks  from  neutral  and  basic  acetate  of  had. 
It  does  not  precipitate  mercuric  chloride  or  nitrate  of  silver. 


A  yellow  aromatic  substance  obtained  from.  Teucrium  Scordium. 
(Winckler,  Repert  Pharm.  xxviii.  352.) 

BCORZXiZTB.  A  mineral  from  Juan  del  Kio  Cara  del  Calvaxio,  in  Mexico,  con- 
taining, according  to  R  Thomson  (J.  pr.  Chem.  viii.  606),  68*0  per  cent,  silica,  16*8 
alumina,  13*3  ferrous  oxide,  8*6  lime,  and  2*0  water.  It  occurs  in  brown  slag-like 
masses,  with  numerous  cavities.  Streak  white.  Hardness  =  2*0.  Specific  gravity 
-•  1*70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  fuse.  With 
fluxes  it  gives  the  iron  reaction. 

SCOSOBZra.  Neoctese.  Cupreoue  Arsenate  of  Iron. — A  hydrated  ferric  arsenate 
oocorring  in  trimetric  crystals,  which  exhibits  the  combination  ootoo  .  oe?oo  .  P  . 
00  P2,  sometimes  with  qdP  and  JP.  Axes  a:b'.c^  1  :  1*1611  :  10977.  Angle 
ooP  :  oop  a.  98°  2'.  Cleavage  parallel  to  opt2  imperfect,  parallel  to  ooPoo  and 
oopQo  in  traces.  The  crystals  are  sometimes  single,  sometimes  implanted  in 
Riotms  or  grown  together  in  granular  aggregates.  The  minend  also  occurs  in  botryoi- 
aal,  kidney-shaped,  tubular,  and  other  forms,  also  as  an  incrustation  (arsenical  sinter). 
Haicdnese  =»  8*6 — 4.  Specific  gravity  =  31 — 3*3.  Lustre  vitreous,  subadamantine, 
and  subresinous.  Colour  pale  leek-green  or  liver-brown.  Streak  whit«.  Subtrans- 
parent  to  translacent.  Fracture  uneven.  Before  the  blowpipe  on  charcoal  it  emits  an 
■^•'iceoufl  odour  (hence  the  name,  from  ffK6poiop,  garlic),  and  fuws  to  a  reddish-brown  or 
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blark  scoria,  magnetic  after  all  the  arsenic  is  expelled.    The  mineral  is  not  acted  upon 
by  nitric  acid,  but  dissolves  easily  in  hydroclilonc  acid. 

Analyses: — a.  Graul,   near  Schwarzenberg  in  Saxony  (Dam our,  Ann.  Ch.  Phys. 

[3]  X.  412). — 6.  Vaubry,  Dept.  Haute-Vicnne :  crystallised;  specific  gravity  =»   3*11 

(Damour). — c.  Cornwall  (Dam our). — d.  Antonio Pereira  in  Brazil :  specific  gravity 

=   3'18   (Berzelius,   Jahresbericht-,  v.    206). — e.   From  the  same  (Damour). — 

f,  Loaysa,  near  Marmato,  New  Oranada  (Boussingault) : 

o»  b.  Cm  d»  €»  /• 

Arsenic  anhydride        .         .     5216  50*95  5106  50*78  50*96  49*6 

Phosphoric    „               ....  .     .  .      .  0*67 

Ferric  oxide          .        .         .     33*00  31*89  82*74  34*85  33*20  34*3 

Water 15*58  15*64  15*68  J5*65  15*70  169 

100*74        98*48        99*48       101*85        99*86       100*8 

These  analyseslead  to  the  formulaFe*0«.As«0*.4H»0,  or  ^^^,„  \  0«.2H«0,  requiring  49*84 

As«0*,  34-60  Fe«0«,  and  15*56  water. 

An  iron  sinter  from  Nertschinsk  in  Siberia,  containing,  according  to  Hermann  (J. 
pr.  Chem.  xxxiii.  95),  48*05  AsH)*,  36*41  Fe*0',  and  15-54  water,  is  an  amorphous 
scorodite. 

Scorodite  occurs  altered  to  limonite. 

A  variety  of  epidote. 

The  roots  of  Scorzonera  Mspanica,  a  plant  belonging  to  the 
cichoraceous  tribe  of  Composite,  contain  starch.  According  toWitting  (Ajch.  Phann. 
[2]  ev.  286),  the  expressed  juice  of  the  plant  contains  mannite. 

SCSOPBUXhAJUA.  Two  species  of  this  genus  of  plants  have  been  examined 
chemically  by  Walz  (Jahrb.  pr.  Pharm.  xxvi.  296 ;  xxvii.  12).  8,  nodosa  contains  a 
bitter  substance  called  by  Walz  a-scrophularin,  which  dissolves  very  slowly  in 
water,  and  is  precipitated  in  white  flocks  by  tannin ;  also  a  resin  insoluble  in  water, 
soluble  in  alcohol  aud  ether. 

8c.  aquatica  contains  a  bitter  substance,  i3-scrophularin,  differing  in  taste  and 
solubility  from  a-scrophularin;  an  irritating  resinous  substance,  scrophulacrin, 
soluble  in  alcohol  and  ether;  and  a  resinous  substance,  scrophularesin,  soluble  in 
alcohol,  insoluble  in  water  and  in  ether. 

100  pts.  of  Sc.  aquatica  yielded  7*8  pts.,  and  100  pts.  of  8c.  nodosa  7*5  pts.  of  ash, 

composetl  as  follows: — 

Charcoal 
K«0    Na^O     CaO      MgO    FeSQ^    NaCI   SO^     psO»       CO*    SIO*  and  sand 

Sc.  aquatica  2'Z     .     .     15*2       5*8     1*3     24*3    4*1     25*3      80    70    70  -  100*8 

8c.  nodosa     4*4     131     25*5     13*1     10       6*2     31     130     15*2     4*5     0*8  «     99*9 


See  CocHLEABiA  (i.  1062). 

A  bitter  substance  contained    in   Scutellaria  later{folia. 
(Cadet  de  Gassicourt,  J.  Pharm.  v.  432.) 

BCTSX&ZTB.  A  neutral  substance  occurring  in  cartilaginous  fishes,  chiefly  in  the 
kidneys  of  the  sharks  and  rays,  in  the  milt  and  liver  of  the  former,  and  in  the  liver 
and  gills  of  the  latter.  It  does  not  contain  either  nitrogen  or  sulphur,  and  is  pro- 
bably isomeric  with  inosite ;  but  its  composition  has  not  been  exactly  determined. 

To  prepare  it,  the  organs  just  mentioned  are  triturated  with  pounded  glass,  then 
stirred  up  repeatedly  with  alcohol,  and  pressed ;  the  filtered  extracts  are  evaporated ; 
the  residue  is  exhausted  with  water;  and  the  filtrate  is  again  evaporated.  The  syrupy 
residue  is  then  treated  with  absolute  alcohol ;  the  portion  insoluble  therein  is  dis- 
solved in  water;  and  the  solution  is  left  to  evaporate,  whereupon  it  deposits  crystals 
of  taurine  and  scyllite.  These  crystals  are  separated  from  the  mother-hquor  by  filtra- 
tion, then  dissolved ;  and  the  somewhat  concentrated  solution  is  treated  with  basic 
acetate  of  lead,  whereby  a  lead-compound  of  scyllite  is  precipitated,  from  which  the 
lead  may  be  separated  by  sulphydric  acid. 

Scyllite  crystallises  in  anhydrous  monoclinic  prisms  having  a  vitreous  lustre,  less 
soluble  in  water  than  inosite,  insoluble  in  absolute  alcohol.  It  has  a  faint  sweetish 
taste,  and  is  precipitated  by  basic  acetate  of  lead,  from  its  perfectly  neutral  aqueouB 
solution,  in  a  pasty  form,  like  inosite.  It  does  not>  however,  exhibit  the  reactions  of 
inosite  with  nitric  acid,  ammonia,  or  chloride  of  calcium,  l^itric  acid,  of  specific 
gravity  1-3,  dissolves  it  only  at  the  boiling  heat,  and  even  then  but  slowly,  and  without 
evolution  of  gas.  Tlie  solution  contains  unaltered  scyllite,  which  may  be  separated  by 
alcohol.     Srj'llitc  is  dissolved  by  strong  sulphuric  acid  also,  only  at  high  temperatures; 
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SEA- SALT— SEAWEEDS. 


it  is  not  coloured  by  boiling  with  strong  soda-ley,  and  does  not  reduce  an  alkaline 
cupric  solution.     (Frerichs  and  Stadoler,  J.  pr.  Chem.  Ixxiii.  48.) 

BBA^BA&T.     Chloride  of  sodium  more  or  less  mixed  with  other  salts,  obtained 
by  evaporation  of  sea-water.     (See  Sodium,  Chloride  of.) 

KB.    See  Water. 


These  plants,  which  occur  abundantly  in  the  open  sea,  and  are 
often  heaped  up  in  vast  quantities  on  the  shore,  are  used  for  various  purposes— viz.,  as 
food  and  medicine,  in  certain  manufactures,  but  more  extensively  as  manure,  and  for 
the  sake  of  their  ash  (called  kelporvaree),  which  is  valuable  as  a  source  of  potassium- 
salts,  and  as  the  principal  source  of  iodine. 

1.  Seaweed  as  Food  and  Medicine. ^Kajiy  seaweeds  contain  large  proportions  of 
gelatinous  or  mucilaginous  matter,  and  aflford  demulcent  and  nutritive  jellies  ;  the  pro- 
portion of  nitrogen  in  them  is  also  very  considerable.  The  following  table  exhibits  the 
proportions  of  dry  matter  and  nitrogen  contained  in  some  of  the  species  most  used, 
as  food  for  men  or  as  fodder  for  cattle,  in  the  British  Islands  and  the  North  of  Europe, 
according  to  the  determinations  of  J.  Davy  and  Apjohn : — 

Percentage  of  Dry  matter  and  Nitrogen  in  Se^toeed. 


riantf. 


Chondrus  crinpus  (Carragheen  or  Irish  moss),  bleached 
„  „  „      unbleached. 

Crigartina  mammUlosa 

Laminaria  digitata,  or  dulse  tangle  .... 

„  black  tangle  .... 

Bhodomenia  palmata,  or  dylisk  .... 

Porphgra  laciniata,  or  laver 

Iridaa  eduiis    ........ 

Jlaria  esctdenta,  or  murlins 


Nitrogt^   1 

Water. 

Dry 

matter. 

per  cent,   i 
In  dry 
matter. 

17-92 

82-08 

1-634 

21-47 

78-63 

2-142    ! 

21-65 

78-46 

2-198 

21-38 

78-62 

1-588 

8106 

68-95 

1-396 

16-66 

83-44 

3-466 

17-41 

82-69 

4-660 

19-61 

80-39 

3088 

17-91 

82-09 

2-424 

The  proportion  of  nitrogen  in  these  plants  appears,  from  these  analyses,  to  be  larger 
than  in  most  other  vegetable  esculents :  the  best  wheat-flour  (dried  at  100^)  containing, 
according  to  Apjohn,  1-817  percent,  nitrogen,  potatoes  0*541,  beetroot  1-848,  mangolds 
1*781,  and  Swedish  turnips  1  *843.  This  large  proportion  of  nitrogen  has  been  supposed 
to  account  for  the  high  nutritive  value  attributed  to  many  kinds  of  seaweed ;  but  the 
mere  percentage  of  nitrogen  existing  in  a  substance  cannot  be  taken  as  a  certain 
indication  of  its  nutritive  value,  as  the  form  in  which  the  nitrogen  exists  is  likewise 
of  great  importance  in  determining  whether  the  nitrogenous  constituent  of  the  plant 
is  capable  of  ready  assimilation  in  the  body  of  an  animal :  moreover,  the  nutritive 
power  of  a  substance  cannot  be  determined  without  taking  account  also  of  its  non-nitro- 
genous constituents. 

The  use  of  seaweed  as  food  is  most  extensive  in  China  and  Japan.  Laminaria  sac- 
eharinay  sweet  tangle  or  sea-tape,  highly  esteemed  in  these  countries,  has  been  found 
by  Stenhouse  to  contain  large  quantities  of  mannite. 

Ptocaria  Candida  (called  Agar-Agar  by  the  Malays,  and  Bulung  in  Java)  is  imported 
into  this  country  as  commercial  Ceylon  Moss.  It  is  a  small  delicate  white  fiicus,  oon- 
tiuning  about  70  per  cent,  of  starch  and  vegetable  jelly.  The  edible  birds'-nests, 
esteemed  as  a  delicacy  in  China,  are  probably  constructed  from  this  plant  by  a  species 
df  swallow,  the  Hirundo  esctdenta. — Gelidium  corneum  is  the  algue  de  Java,  which  is 
made  into  an  iced  jelly,  and  sold  in  Ningpo  under  the  name  of  ^in-mau  (ox-hair  vege- 
table\  Payen  has  extracted  from  it  27  per  cent,  of  a  peculiar  vegetable  substance, 
callea  gelose,  which  he  finds  to  possess  ten  times  the  gelatinising  power  of  the  best 
isinfflasB.  The  same  substance  is  obtained  from  Ptocaria  lichenoides^  a  seaweed  from 
the  Mauritius,  and  in  small  quantity  from  several  European  seaweeds ;  it  is  said  also 
to  be  obtained  from  certain  lichens  growing  on  trees  in  the  South  of  China^  and  in 
the  southern  islands  of  the  Philippine  Archipelago  (ii.  ^2V).—Fucus  saceharinus,  the 
Kambon  of  the  Japanese  and  the  Sea-cahbage  of  uie  Russians,  which  is  found  in  great 
abundance  on  the  islands  and  shores  of  Eastern  Asia,  is  used  as  an  ingredient  of  soap, 
and  eaten  with  fish,  or  boiled  and  eaten  merely  with  salt.  Laminaria  potatorum 
ftunishes  the  natives  of  Australia  with  food,  and  serves  also  as  a  material  for  their 
topls  and  vessels ;  other  species  of  the  same  genus  constitute  an  important  resource  to 
the  poor  on  the  west  coast  of  South  America,  to  the  Fuegians,  and  the  inhabitants  of 
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the  countnr  noar  the  Straits  of  Maigbllan.  Under  the  name  of  huH-kclp^  it  in  largely 
eaten  in  New  Zealand  and  Tasmania. — Durvillia  utilis  is  used  as  food  in  Valparaiso, 
and  hy  the  poorer  inhabitants  of  the  west  coast  of  South  America. — Eucheuma  ttpcciosum 
and  6igartina  tpeciosa  are  eaten  in  Australia. 

The  use  of  seaweed  as  medicine  depends  partly  on  the  gelatinous  matter,  partly 
on  the  iodine  contained  in  it.  Carragheen  moss  has  been  found  useful  in  pulmonary 
complaints. — Fucus  vesiculosujiy  bladder-wraik  or  lady-wrack,  is  used  externally  as  a 
friction  in  glandular  enlaigements,  and  the  juice  has  been  given  internally  with 
advantage  for  the  same  purpose. — Sarga&sum  baccifcrum  is  the  celebrated  gulf-weed 
of  the  Atlantic,  the  stems  of  which  are  said  to  constitute  the  gOUresticks  chewed  iu 
South  America,  where  that  disease  is  prevalent,  but  thoy  more  probably  come  from  the 
stems  of  tlie  Laminaria  digitata. — Plocaria  hihtiinthiycortos  (also  called  Gracilaria 
iichenoides  or  Spharococctts,  Gigartma  lichenvideSf  and  Corsicun  moss)  has  long  been 
used  b\'  the  Corsicans  as  an  anthelmintic. 

2.  Xfae  in  Manufactures, — ^A  process  has  been  recommended  by  Dr.  Stenhouse  for  the 
manufacture  of  acetic  acid  from  seaweeds  by  fermentation.  His  experiments  were 
conducted  with  some  of  the  faci ;  these  were  mixed  with  lime,  and  kept  moist  at  a 
temperature  of  90<*  F.  He  obtained  by  distillation  with  sulphuric  acid,  an  average  of 
1*5  per  cent,  of  anhvdrous  acetic  acid,  contaminated  with  butyric  acid.  This  might, 
however,  be  separated  and  turned  to  account  in  the  manufacture  of  butyric  ether  or 
essence  of  pine-apple.  The  best  method  would  be  to  ferment  the  plants  in  pits  with 
lime  or  chalk,  at  the  ordinary  temperature  in  the  summer,  leaving  each  portion  in  for 
two  or  three  months,  and  supplying  its  place  by  a  fresh  load  until  the  lime  was 
saturatiKl ;  the  liquid  would  then  be  pumped  out,  evaporated  to  diyness,  the  residue 
sold  as  crude  acetate  of  calcium,  and  the  weed  carried  to  the  manure-heap.  The 
whole  process  might  be  roughly  and  economically  carried  on  by  an  agriculturist  near 
the  sea. 

Seaweeds  are  used  as  substitutes  for  horn,  shell,  whalebone,  indurated 
leather,  &c.,  in  the  manufacture  of  various  articles.  One  process  consists  in  im- 
mersing the  weed,  from  which  all  extraneous  matters  have  previously  been  removed,  in 
a  lye  of  caustic  lime  for  three  hours,  then  steeping  it  in  very  dilutt^  sulphuric  acid, 
and  afterwards  in  a  solution  of  common  salt,  after  which  it  may  be  moulded  into  any 
desired  form.  Or  the  dry  material  is  ground  to  powder  and  mixed  with  glue,  to  which 
some  alum  and  powdered  resin  are  added,  or  with  coal-tar  or  bitumen,  and  baked,  then 
rolled  out^  (yr  pressed  in  moulds.  The  stems  of  Ijaminaria  digitata  (tangle  or  sea-gir die) 
make  excellent  handles  for  knives,  files,  &c.  If  the  blade  is  inserted  when  the  stem 
is  fresh  cut,  and  the  weed  then  allowed  to  dry,  it  contracts,  holding  the  blade  firmly, 
and  presenting  a  brown  wrinkled  appearance,  somewhat  like  buck-horn. 

A  kind  of  soap  may  bo  made  by  treating  some  of  the  common  seaweeds  with 
alkalis. 

Attempts  have  been  made  to  use  seaweeds  in  the  manufacture  of  paper,  and  for 
the  production  of  textile  fabrics  ;  but  the  true  algs  are  not  adapted  for  this  purpose, 
as  they  are  destitute  of  fibrous  structure.  The  seawrack,  ZoaUra  marina^  which  is  not 
an  alga,  but  contains  fibre  resembling  that  of  the  grasses,  promises  better  results 
when  used  for  such  purposes. 

Many  seaweeds  exhibit  very  brilliant  colours,  but  it  does  not  appear  that  any 
attempts  have  hitherto  been  made  to  utilise  them.  Several  varieties  of  Griffithsia 
yield  to  pure  water  a  brilliant  crimson  colour,  which  is  precipitated  by  soluble  chlorides, 
and  appears  to  combine  with  alumina  and  other  metallic  oxides. 

3.  Stowefd  as  Manure. — The  value  of  seaweed  as  manure  is  most  appreciated  in 
the  Channol  Islands ;  the  *'  varec "  or  "  vraic,"  as  the  weed  is  there  called,  is  con- 
sidered so  valuable  that  special  laws  are  enforced  for  its  regular  collection  and  fair 
distribution  amongst  the  agriculturists,  many  of  whom  use  no  other  manure.  "  Point 
de  vraic,  point  denangard"  has  passed  into  a  local  proverb.  The  weed  is  either 
thickly  spread  on  the  land,  and  ploughed  in  fresh  with  a  de^p  plough,  or  dried  on  the 
beach,  and  burnt  on  the  cottagers*  hearths  as  fuel ;  the  charred  ash  thus  produced 
sells  at  6d.  per  bushel  for  manure.  "Driftweed"  is  also  largely  used  in  Ireland,  as 
the  only  manure  for  the  potato  crop ;  this  is  interesting,  because  the  potato  requires  a 
considerable  supply  of  potash.  This  alkali  can  hanlly,  however,  be  required  in  the 
Channel  Islands,  as  the  granitic  sub«oil  would,  in  disintegration,  furnish  it  in  abun- 
dance ;  it  is  probably  the  earthy  phosphates  that  render  the  weed  so  fertilising  there. 
This  is  borne  out  by  the  fact  that  the  lixiviated  seaweed  ash,  from  which  the 
alkalis  have  been  removed,  meets  with  a  ready  sal(^  in  Guernsey,  and  is  esteemed  indeed 
richer,  no  doubt  on  account  of  the  increased  percentage  of  phosphates.  The  residual 
seaweed  ash  from  the  iodine  factories  in  Franco  is  highly  valued  as  a  manure,  and 
carried  for  that  purpose  a  distance  of  thirty  miles  from  the  factory. 
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Seftwerd  in  also  muoh  used  as  DMDnre  in  tbr  Helmdes,  the  lala  o[  Thaaot,  Corairiill, 
■ml  the  Islo  of  Mild. 

lOOptsL  of  deeompowdnnd  dried  fi"awe«l  cor.  lain,  Bcoonling  (oWmj,  6562  percent, 
orpinic  mnltnr,  13-65  Bo-la,  1600  soluble  bhIIs,  And  3''23  nitrogen  (  =  i  of  Hromonia). 

4.  *"or  the  i>n-dur£ion  of  KeJp  or  Varfc,  at  aoureis  of  lodint  and  Palaseiuin-salt>. — 
Tliis  purt  uf  ihp  subject  hA«  nlrcndy  been  treakd  under  llio  htrui  of  "Pou^siuM-aAl.Ta, 
MiMUKAcrrBE  of"  (iv.TU).  We  here  give  a  l;ible  of  the  composition  of  the  (uh  of 
BeTeml  hindH  uf  seawifd,  hs  determined  by  Schwitzer,  Furehhiimmer,  and  Godecheus  :— 

Jth  of  Seaweed. 


t!. 


The  hi^h  temperature  to  which  Ibo  seaveed  it  exposed  in  the  ordinaiy  proeess  of 
incineration  gives  riae  to  the  loss  bj  TolatiliBHtion  of  at  least  half  of  (he  iodme,  and  of 
ft  ecrtain  portion  of  the  potasBium-wilts,  and  likewise  enableo  the  carbon  to  reduce  the 
sulphates  to  sulphites,  hrpoeulphites,  and  salphitrg,  which  accumnlafn  in  the  mother- 
liqnocB,  and  necesBitate  the  consomptioD  of  a  lar^e  quanlity  of  nlphnric  acid  to  re- 
cocTert  them  into  sulphates. 

To  obriate  these  and  other  disadTButflSes  attending  the  ordinal;  process,  and 
further  to  economise  the  prodacfn,  Mr.  E.C.  Stanford  proposes  to  subject  the  sea- 
weed, preriously  dried,  to  deetructiTe  dintillation  in  iron  retorts,  whereby  thej  yield 
the  usual  products  of  the  dry  distillation  of  organic  bodies — such  as  hydrocarUins, 
"■nhtlia,  smmoniD,  acetic  acid,  and  illumiaatias  gas.  The  residnal  chnreoal  then 
M.  ....  i;-i..;=i;..n_  ^  eolonriesa  solution,  which  is  nearly  free  &om  sulphides,  and 
in  a  crop  of  pure  salts  and  a  nearly  colourless  mother-liquor,  con- 
taining all  t!ie  iodine  and  bromine  of  the  seaweed.  (For  details,  see  a  paper  read 
before  the  Societf  of  Arts,  February  U,  1802;  also  Phorin.  J.  TranB.[21  iii.  495  -  also 
r:.!....!..,..  -"J-ffatts's  Chemical  Technology,  i.  [3]  629.) 

XS.  C"H"0*  -  '^'*2"*''(°'  JV"'^*'  «CT^  SOaeffltSiirf, 
Frtttaurt.  (ThJnard.  Ann.  Chim.xiiii.  193.— Dumas  and  Pjligot,  Ann.  Cb. 
Phja.  Irii.  332.— Red  ten  bach  er,  Ann.  Ch.  Fliarm.  nxr.  ISS.— Bouls,  ibid.  Im. 
303;  icvii.  34.— W.  Mayer,  ibid,  lixiiii.  113;  ler.  190.— Rowoey,  tSirf.  linii, 
103.— Carlet,  J.  Pharm.  [8]  niv.  176.— Arppe,  Ann.  Ch.  Phann.  cxiiv.  98; 
Jtthresb.  1863,  p.  283;  1B6*,  p.377.-Gm.  li v.  491.)— This  acid,  the  highert  known  term 
of  the  oialie  series,  (>H'*-"0'  (i.  62),  is  pnlduced  :^1.  By  the  dry  distillation  of  oleic 
acid,  and  of  hog's-bud  and  other  fats  containing  oleic  acid  or  niein  (Thinard,  Ber- 
relius,  Redtonbachor).^2.  Together  with  otiier  iieids  of  ibe  o»Jic  series,  by  the 
oxidising  action  of  nitric  arid  on  f^its.  Spermaeeti  thus  treated  yields  sebacic  and 
aaelaic  acids. — 3.  Ti^ther  with  heptyllc  or  octylic  alcohol,  and  other  producta,  by 
distilling  caa'or-oil  or  ricinoleic  acid  with  excess  of  caustic  alkali.  (Bonis  and  ol^ere, 
1-98;  iii.  H4 ;  v.  110.) 
"—"wirtiim. — Sebacic  acid  is  best  prepared  from   castor-oil  by  diatiUation  with 
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ftiaed  poUsh.  Delfs  (Jaliresb.  1862.  p.  320)  allows  2  pts.  of  cMstor-oil  to  flow  iuto 
1  pt.  of  caustic  potutfh,  fused  and  mixed  with  a  siuall  quantity  of  water,  c  jiuiauing  the 
heat  till  the  mass  assumes  a  faint  yellowish  colour.  On  dissolving  tliu  residue  in 
boiling  water,  and  mixing  it  at  the  boiling  heat  with  hydrochloric  acid,  the  filtrato,  as 
it  oooLb,  yields  sobaeic  acid  in  bulky  needles. 

The  residue  left  in  the  retort  in  the  preparation  of  heptylic  or  octylic  alcohol  from 
castor-oil,  may  also  be  mado  available  for  the  preparation  of  sebacic  acid.  This 
residue  is  decomposed  by  hydrochloric  aci<l,  and  tho  sebacic  acid  is  extracted  by  boiling 
water  from  the  mixture  of  insoluble  acids  thereby  sqxirated  (Bouis).  Petersen 
(Ann.  Ch.  Pharm.  ciii.  184)  boils  the  rt.*sidue  with  water ;  strains  the  liquid ;  precipitiites 
the  other  fatty  acids  by  adding  a  small  qimntity  of  liydrochloric  acid ;  then,  after 
separating  these  by  filtration,  precipitates  the  sebucic  acid  by  excess  of  hydrochloric 
acid,  and  purifies  it  by  recryst-allisation  from  hot  water,  i^nthaid  of  animd  ch^srcoal. 

The  quantity  of  sebacic  acid  obtained  from  fats  by  dry  distillation  or  by  oxidation  of 
nitric  acid  is  very  small,  and  it  is  difficult  to  separutu  the  sebacic  acid  from  the  other 
■olid  acids  produced  at  the  same  time.  According  to  Arppe,  spermacetic  and  stearic 
acids  yield  sebacic  acid  in  larger  quantity  than  other  fats. 

Properties. — Sebacic  acid  crystallises  in  wliite,  njicreous,  very  liglit  needles  or  laminae 
resembling  benzoic  acid.  It  has  an  acid  taste,  reddens  litmus  strongly,  d'^s  not 
lose  weight  at  100^,  melts  at  127^,  solidifies  to  a  crystalline  mass  on  cooling,  and 
sublimes  at  a  higher  temperature.  The  melted  acid  has  a  specific  gravity  of  1*317. 
Its  vapour  irritat4>s  the  palate,  and  has  the  odour  common  to  all  fatty  bodies.  It  is 
slightly  soluble  in  cold,  very  soluble  in  hot  wat*'r,  dissolves  very  easily  also  in  alcohol^ 
ether,  and  fat  oils. 

Decompositions. — 1.  Sebacic  acid  heated  with  btrong  nitric  acid  dissolves  slowly, 
and  is  converted  into  p\Totartaric  acid  (Schlieper,  Ann.  Ch.  Pharm.  Ixx.  121);  succinic 
acid  (Carlet) ;  succinic,  pinielic,  and  perhaps  also  alipicacid  (Wirz,  Ann.  Ch.  Pharm. 
civ.  280);  succinic  and  oxypyrolie  acids  (Arppe,  Ann.  Cli.  Pharm.  xcv.  242);  accord- 
ing to  later  exivriments,  also  adipic  acid  (Jaliresb.  1862,  p.  377). — 2.  Sebacic  acid  is 


yellow  substitution-products,  C'*H'»C10»  and  C'lI'^CTO*,  which  are  pasty  at  mean 
temperature  (Carlet). — 4.  The  cidcluin-salt  oi  sebacic  acid,  subjected  to  dry  distUla- 
tiotif  gives  off  hydrogen  gas,  and  yields  an  oil  boiling  between  80®  and  200°. — On 
rectifying  this  oil,  a  liquid  passes  over  between  85-^  uud  90°,  which  has  a  pleasant 
ethereal  odour,  and  appears  to  be  propionic  aldehyde, — then,  between  156°  and  200°, 
oenanthol  (xii.  446)  distils  over(Calvi).  When  sebate  of  calcium  is  distilled  with 
eJci'ess  of  iime^  sebacin  (p.  214)  is  obtained,  together  with  an  oil  boiling  between  80^ 
and  280°.  The  latter,  when  rectified,  first  yields  a  product  which,  when  treated  with 
nitric  acid,  forms  nitrobenzene,  and  is  therefore  probably  benzene — thon,*between  90^ 
and  100-*,  propionic  aldehyde — and  at  1 60°  a?nanthol,  inasaiuoh  as  the  portions  which 
distil  at  these  temperatures  form,  with  nitric  acid,  propionic  and  cenanthylic  acids 

of  baryta, 
ig  between 
When  alco- 
holic sebacic  acid  is  tro»\ted  ^vnth  hydrocMoric  acid  yas,  an  oil  is  produced,  which  when 
treated  with  ammonia  forms  sebaraide  and  sebacic  acid,  and  is  therefore  probably 
a  mixture  of  neutral  and  acid  ethyl-sebacic  ether.     (Rowney.) 

8e  bates.  — Sebiwic  acid  is  dib.isic,  forming  iu?id  and  neutnd  salts.  The  sebates  of 
the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water;  the  rest  arc  obtaine«l 
by  double  decomposition.  All  the  acid  sebates,  exct»pting  the  ammonium-salt,  decom- 
pose with  great  fiicility. 

The  neutral 
offammonia 
forms  plumose 

crystallises  from  cimcentrated  solution  in  small  nodules,  very  soluble  in  water,  non- 
deliquoscent,  slightly  soluble  in  absolute  alcohol. — The  .s.'difon-salt  is  similar,  but  less 
soluble  in  water!— The  ailcium-i<alt,  C'»H"'Ca"0*  (at  100°)  is  but  slightly  soluble  in 
water,  and  is  obtained  by  precipitation.  From  a  dilute  solution  it  crystallises  by  s[X)n- 
taneous  oiipoKition.  in  wliite,  shining,  very  thin  scales. — The  co}pcr-sait  is  a  greenish- 
blue  precipitate.  The  mother-liquor,  when  left  to  evaponite,  yields,  on  the  surface  a 
green  crust  of  cr}-stalline  grains.  The  salt,  when  heat^il,  melts  before  decomposing. — 
The  ferric  salt  is  a  flesh -colon  re<l  precipitate;,  which  is  decompost  d  by  carbonate  of 
ammonium,  part  dissolving  with  rod  colour,  while  the  re>t  is  changi-d  into  an  insoluble 
basic  salt.  The  neutral  salt  melts  when  heated,  and  then  decomposes  with  intumes- 
cence.  The  lead'udi  is  a  white  precipitate,  converted  by  ammonia  into  a  basic  stilt.  - 
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The  mercurous  salt  is  obtained,  as  a  precipitate,  by  treating  mercurous  nitrate  either  with 
sebacic  acid  or  an  alkaline  sebat^. — The  silversalt^  C'®H'"Ag*0*,  is  a  white,  curdy, 
nearly  insoluble  precipitate,  obtained  with  nitrate  of  silver  and  an  alkaline  sebate.  When 
heated  in  a  tube  it  yields  metallic  silver  and  a  white  crystalline  sublimate. 

Zpomeelo  add.  An  ncid,  isomeric  with  sebacic  acid,  produced  by  the  action  of 
moderately  strong  nitric  acid  on  convolvulic  acid,  convolvulinolic  acid,  jalapin,  jalapic 
acid,  or  jalapinolic  acid.  It  resembles  sebacic  acid  in  most  of  its  properties  and 
reactions,  but  molts  at  a  lower  temperature,  viz.  at  104°.  The  acid  and  its  salts 
become  electric  by  friction.  The  precipitate  formed  by  ipomaeato  of  ammonium 
with  chloride  of  calcium  is  amorphous  at  first,  and  becomes  crystalline  only  after 
standing  for  some  time,  whereas  the  corresponding  precipitate  formed  bv  sebite  of 
ammonium,  is  crystalline  when  first  formed.  (W,  May  er,  Ann.  Ch.Pharm,  Izxziii.  143 ; 
xcv.  160.) 

8BBACZC  BTBBI18.  Met ht/ lie  Sebate^  or  Methyl-sehacic  Ether, 
C'^H'^O*  =  C^m^\CR*fO\  is  obtained  by  gradually  adding  methylic  alcohW  to  a 
solution  of  sebacic  acid  in  strong  sulphuric  acid,  agitating  the  liquid,  and  cooling  the 
vessel  with  cold  water.  The  ether  is  then  precipitated  by  addition  of  water,  washed  first 
with  alkaline,  then  with  pure  water,  and  crystallised  from  alcohol.  It  melts  at  26'5°, 
and  crystallises  in  fine  needles  on  cooling.  It  is  heavier  than  water  when  solid,  but 
lighter  in  the  melted  state.  It  has  a  vei^  faint  odour ;  boils  without  alteration  at 
285° ;  is  decomposed  by  potash  into  potassic  sebate  and  methylic  alcohol ;  and  is  con- 
verted  by  ammonia  into  sebamide.    (Carlet,  Gompt.  rend,  zxxvii.  130.) 

Ethylic  Sebate,  or  Ethyl-aehacic  ether,  C'*H*^*  -  C'«H'«(e«H»)«0«,  is  easily 
prepared  b)L  dif^solvin^  sebacic  acid  in  a  small  quantity  of  alcohol,  and  saturating  the 
solution  with  hydrochloric  acid  gas.  The  chloride  of  ethyl  formed  at  the  same  time  is 
expelled  by  a  moderate  heat ;  and  the  product  is  washed  with  water  containing  sodic  car- 
bonate, then  dried  over  chloride  of  calcium,  and  rectified.  It  is  liquid  above  — 9^,  lighter 
than  water,  has  an  agreeable  odour,  and  boils  at  308°.  It  is  insoluble  in  cold  water, 
but  dissolves  easily  in  alcohol.  Ammonia  converts  it  into  sebamide.  (Eedtenbacher, 
Ann.  Ch.  Pharm.  xxxv.  103.) 

The  acid  sebates  of  ethyl  and  methyl  have  not  been  prepared ;  but  they  are  doubtless 
formed,  together  with  the  neutral  ethers,  by  the  action  of  hydrochloric  acid  gas  on  the 
alcoholic  solutions  of  sebacic  acid,  inasmuch  as  these  solutions,  when  treated  with 
ammonia,  yield  sebamic  acid  as  well  as  sebamide.  ^ 

^  C«fl»)«     ) 

Diglycerylic  SebaU  or  fl'e6t«,  C'«H~0«  -  (C'«H>«Oy>0«. —Produced     in 

small  quantity  as  a  ciystallisable  solid,  by  heating  sebacic  acid  with  glycerin  to  200° : 

C'«H'»0«  +  2C»H»0»  -  C"H»»0«  +  2HK); 
more  abundantly,  together  with  chlorhydrin,  by  the  action  of  hydiochloric  acid  gas  on 
a  mijEture  of  sebacic  acid  and  glycerin  heated  to  100°.  As  thus  obtained,  it  is  liquid 
at  first,  but  affer  drying  at  120°,  solidifies  partially  after  a  few  days,  and  completely 
at  — 40°.  It  gives  oflT  acrolein  when  heated.  Oxide  of  lead  converts  it  into  sebacic  acid 
apd  glycerin.  With  alcoholic  hydrochloric  acid,  it  yields  ethylic  sebate  and  glycerin. 
(Bert  helot,  Ann.Cli.  Phys.  [3]  xli.  293.) 


C"H'*. — A  hydrocarbon  obtained,  together  with  propionic  aldehyde, 
osnanthol,  and  a  small  quantity  of  benzene,  by  the  drv  distillation  of  calcic  sebate 
mixed  with  excess  of  lime.  It  partly  condenses,  as  a  solid  fattj  mass,  on  the  sides  of 
the  receiver  and  the  neck  of  the  retort,  and  partly  separates  &om  the  liquid  product 
when  left  at  rest.  When  purified  by  solution  in  oil  of  vitriol,  precipitation  with  water, 
and  rocrystallisation  from  alcohol,  it  forms  nearly  colourless  laminae,  which  easily  cake 
together.  It  is  tasteless  and  inodorous,  lighter  than  water,  melts  at  55°  and  voliUilis^^s 
at  a  temperature  above  300°.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether,  dissolves  with  red  colour  in  oil  of  vitriol,  and  is  precipitated  in  its  original  state 
by  wat^r.  It  is  scarcely  altered  by  nitric  add  or  caustic  potash.  (Petersen,  Ann.  Ch. 
Pharm.  ciii.  187.) 

SZBABRO  ACXB.   C'»II'»NO«  ^  (C'^H'-O*)" V^.     (Rowney,  Chem.  Soc.  Qu. 

J.  iv.  334. — Kraut^  ChnelitC a  Handbook,  xiv.  501.)— Produced:  1.  By  the  action  of 
ammonia  on  ethyl-sebacic  acid  (Rowney). — 2.  By  the  dry  distillation  of  neutral 
sebate  of  ammonium.     (Kraut.) 

Preparation, — 1.  The  oily  mixture  of  neutral  sebacic  ether  and  ethyl-sebacic  acid, 
obtained  by  the  action  of  hydrochloric  add  gas  on  alcoholic  sebacic  add,  is  digested 
with  strong  aqueous  ammonia  for  several  weeks  in  a  elosed  Tessel,  or  till  the  oU  is 
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eonmt^  into  a  granular  mass,  the  sebamide  which  separates  from  the  liquid  couttiin- 
ing  aebamic  acid  being  removed  by  filtration,  and  washed  to  free  it  from  mother- 
liquor.  The  several  portions  of  liquid  are  then  united  and  concentrated  over  the  water- 
bath  ;  the  sebamic  acid  is  precipitated  by  hydrochloric  acid,  washed  with  cold  water, 
and  dissolved  in  dilute  aqueous  ammonia,  which  still  leaves  a  small  quantity  of  seba- 
mide undissolvd ;  the  solution  filtered  therefrom  is  again  precipitated  by  hydrochloric 
acid ;  and  the  resulting  precipitate,  after  beinc  washed,  is  purified  by  reciystallisation 
from  water  (Rowney). — 2.  Neutral  sebate  of  ammonium  yields  b^  simple  distillation, 
first  a  colourless,  then  a  yellowish  empyreumatic  distillate,  which  is  to  be  dissolved  in 
ammonia,  filtered  from  a  small  quantity  of  oil  which  separates,  and  precipitated  with 
hydrochloric  add.  The  precipitate  is  washed  with  cold  water,  and  recrystallised  from 
boiling  water.    (Kraut.) 

Properties. — Sebamic  acid  forms  rounded  granules  (Rowney);  a  white,  crystalline, 
pulverulent  mass  (Kraut).  Has  an  acid  reaction  (Rowney).  It  is  sparingly' soluble 
in  cold,  easily  in  warm  water,  alcohol,  and  ammonia.  When  boiled  with  calcic  carbo- 
nate, it  gives  off  carbonic  acid,  and  forms  a  calcium-salt,  slightly  soluble  in  water 
(Kraut).  The  solution  of  sebamic  add  in  ammouia  does  not  precipitate  the  alkaline 
earths ;  it  predpitates  acetate  of  leadf  and  forms,  with  nitrate  of  silver,  a  predpitate 
soluble  in  ammonia  and  in  nitric  acid.    (Rowney.) 

Sebamic  add  gives  off  ammonia  when  boiled  with  potash  (Rowney). — The 
sodium-salt  brought  in  contact  with  chloride  of  bemoylf  yields  chloride  of  sodium  and 
an  oil,  which  may  be  dissolved  out  by  ether,  is  left  behind  when  the  ether  evaporates, 
gives  off  ammonia  when  fused  with  hydrate  of  potassium,  is  insoluble  in  water  and 
ammonia,  and  when  washed  with  ammonia,  gives  up  to  it  only  a  small  quantity  of  free 
add.    (Kraut) 

C'*H*NK)«     -     ^^"^V^')'(n».    (Rowney, foc.(?t7.—Carlet, 

Compt.  rend,  xxxvii  128.) — ^Produced  as  just  described  from  ethylic  sebate,  or  in  like 
manner  from  methylic  sebate,  and  purified  by  wo  reciystallisations  from  alcohol.  It 
is  neutral,  and  forms  hard  rounded  granules  composed  of  microscopic  needles,  insoluble 
in  cold,  moderately  soluble  in  boiling  water ;  insoluble  in  ammonia,  slightly  soluble  in 
cold  alcohol,  very  soluble  in  boiling  alcohol.  By  water  it  is  gradually  converted  into 
sebate  of  ammonium.  It  is  not  attacked  by  potash  in  the  cold,  but  g^ives  off  ammonia 
when  boiled  therewith. 

Biglyccrylic  Sebate.    (See  SEBAac  Ethbbs,  p.  214.) 

S.    Rye.    See  Cebeai.s  (i.  823). 


I  CO&JiUTUMU  Ergot. — These  names  are  applied  to  several  fungi 
growing  on  the  ears  of  grasses.  They  differ  In  structure  and  m  chemical  composition 
according  to  the  plant  on  which  they  grow.  Ramdohr  (Arch.  Pharm.  cxxzi  179)  has 
examined  the  eigots  from  rye,  from  barley,  and  from  Bromus  secalintis;  and  finds  that 
they  differ  in  the  proportions  of  organic  substance,  water,  and  ash  contained  in  them — 
also  in  the  composition  of  the  organic  substance  and  of  the  ash,  but  the  differences 
are  not  important.  (See  Handw.  d.  Chem.  vii.  732).  Respecting  the  detection  of 
ergot  in  rye,  see  Rye  (p.  141). 


8BCOWBAXT  AXiCOBO&B*  This  term,  with  its  correlatives,  primary  and  ter- 
tiary alcohols,  has  been  employed  by  Kolbe  to  express  certain  differences  in  the  man- 
ner in  which  the  carbon  in  linked  together  in  the  alcohols.  These  three  terms  are 
borrowed  from  the  nomenclature  of  the  compound  ammonias  (Ann.  Ch  Pharm.  [1864 J 
Ivi.  102).    Thus  we  have  :— 


(H 

Ammonia 
(type). 


fR 
(H 

Primary 
amine. 


cJ 


11 

H 
H 
OH 

Methjiic 
alcohol  (tjpe). 


c. 


/R 
H 
H 
OH 

Pr  marr 
alcohol. 


(R 

N-^R 

(H 

Secondarj 
amine. 

(oh 

Secondarj 
alcohol. 


N^R 
(R 

Tertiary 
amine. 


C. 


R 
R 
R 
I  OH 

Tertiary 
alcohol. 


Just  as  in  ammonia  there  are  three  atoms  of  hydrogen  capable  of  replacement  by 
radides,  so  in  methylic  alcohol  there  are  three  atoms  of  hydrogen  capable  of  replace- 
ment by  radicles.  This  parallel  must  not,  however,  be  followed  too  far,  inasmuch  as 
whereas  NH*  takes  up  HCl  (equal  to  H*),  CH«  can  only  take  up  CI  or  OH  (equal  to  H.) 
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The  alcohols  obtained  by  fermentation,  the  so-called  normal  alcohols,  are  believed  to 
be  of  the  primary  class.  The  alcohols  obtained  by  the  addition  of  hydrogen  to  the  ketones 
are  secondary.  A  tertiary  alcohol  appears  to  have  been  obtained  by  Buttlerow  and  by 
Wanklyn. 

The  following  formulae  exhibit  the  stmctural  differences  in  the  three  classes  of 

alcohols : — 

Primary  AlcohoIj>. 


'CH« 

H 

H 
VOH 

Ethylic 
alcoboU 


fCH*(CH») 
H 

n 

I  OH 

Propylic 
alcohol. 


'CH«CH«CH« 

H 

H 
I  OH 

Biitylic 
alcohol. 


Secondary  Alcoholi. 


rCHK^H^CH'CH" 

H 

H 
I  OH 

Amylic 


aicoi 


TlIC 

ihol. 


(B. 

H 

H 

I  OH 

Type. 


C. 


alcohol. 


CH«CH» 

CH» 

H 

iOH 
Abnormal 

butyllc 

alcohol. 

Tertiary  Alcoholi. 


rCH«CH» 
CH»CH» 
H 

I  OH 

Abnoriral 
aroYlic 
alcohol. 


&C. 


Type. 


rcH« 

CH» 

CH« 

VOH 

Abnormal 
butylic 
alcohol. 


'CH»CH» 

CH« 

CH» 

I  OH 
Abnormal 
amylic 
alcohol. 


fCH«CH« 
pJCH»CH» 
^|CH« 
I  OH 
Abnormal 
hexylic 
alcohol. 


rCH«CH» 

CH«CH« 

CH*CH« 

OH 
Abnormal 
heptylic 
alcohol. 


On  inspecting  these  formnls,  it  appears  that  there  cannot  be  a  secondary  ethylic  alco- 
hol, and  that  neither  ethylic  nor  propylic  alcohol  is  possible  in  the  tertiaiy  series. 

The  experimental  evidence  of  the  existence  of  these  different  kinds  of  structure  in 
different  alcohols  may  be  set  forth  as  follows : 

Genesis  of  the  McohoU  of  the  Primary  Type, 

Startiiig  with  CH*Na  and  CO*  we  get— 

fC(NaO)0* 

C 


H 
H 
H 


whereb  the  sodium  which  saturates  one  quarter  of  the  one  atom  of  carbon  is  replaced 
by  an  equivalent  of  the  other  carbon,  whilst  the  sodium  goes  to  saturate  half  of  one 
of  the  atoms  of  oxygen  which  existed  in  combination  in  the  carbonic  anhydride.  On 
distilling  together  CH'C(NaO)0''  and  formate  of  sodium,  there  is  {ooduced  aldehyde 
and  carbonate  of  sodium : 


((NaO) 

cJh 
lo" 


C 


CHO" 
H 
H 
IH 


r  (NaO) 
C    (NaO) 
lO" 


C(NaO)0'' 

This  reaction  consists  in  interchange  between  (NaO)  and  H.    Arrived  at  CH*CHO 
(aldehyde),  we  add  nascent  hydrogen,  and  get : 

rCHO" 

H 

H 
KIEL 

Aldehyde. 


H« 


fCHH(OH) 

H 

H 
IH 

Alcohol. 


From  alcohol  we  get  iodide  of  ethyl ;  &om  iodide  of  ethyl  we  get  zinc-ethyl,  and  then 
sodium-ethyl,  CH'CH'Na.  Acting  upon  sodium-ethyl  with  carbonic  anhydride  we 
get:— 


^CH^a 
H 
H 
H 


/  f^ 


O" 
0" 


c 


CH«C(NaO)0' 

H 

H 

H 
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Whence,  as  before,  by  means  of  formiate  :— 

/CH«CHCr 
C 


H 
H 


Then  on  addition  of  hydrogen : — 
/CH«CHO" 


CH*CHO"  /CH«CHH(OH) 

H 


(CI 
-        Hi 


IH 

The  oomponnd  last  formulated  is  the  primair  propylic  alcohol.  Now,  if  the 
mechanism  of  these  reactions  be  studied,  it  will  be  apparent  that  the  last  atom  of 
carbon  which  is  joined  on  to  the  group  is  that  which  is  ultimately  combined  with  the 

peroxide  of  hydrogen.    We  add  C0«  which  goes  through  the  stages,  c6(0Na)-» 

C&H?,  and  CH(0H)h5. 

If  the  formulie  of  the  primair  alcohols  be  examined,  it  will  appear  that  one  of  the 
chief  characteristic  structural  features  of  these  alcohols  is  that  the  atom  of  carbon 
which  is  in  combination  with  the  peroxide  of  hydrogen  is  in  combination  with  onl^  one 
atom  of  carbon.  This  condition  is  satisfied  by  the  alcohol  resulting  from  the  series  of 
reactions  aboTe  given.  It  is  supposed,  but  has  not  been  proved,  that  the  alcohols  result- 
ing from  the  fermentation  of  sugar  are  identical  with  those  given  by  the  synthetical 
method. 

Genesis  of  the  Alcohols  of  the  Secondary  Type. 

The  formula  of  a  secondary  alcohol  requires  that  the  same  atom  of  carbon  which  is 
in  combination  with  peroxide  of  hydrogen  should  be  in  union  with  two  atoms  of  carbon. 
This  condition  is  satisfied  by  forming  an  alcohol  by  the  addition  of  hydrogen  to  a 

fR 
ketone.  The  constitution  of  a  ketone  is  this — C^  R.  as  is  shown  by  the  general  histoiy 

(0" 
of  the  ketones,  but  most  decisively  by  their  formation  from  carbonic  oxide  and  the 
compounds  of  the  alkali-metals  with  the  alcohol-radicles  : 

CO   +   2NaR     =     Na«  +   CORK. 

If  then  we  take  a  ketone  and  operate  upon  its  oxygen  with  nascent  hydrogen,  the 
resulting  alcohol  must  contain  an  atom  of  carbon  whidi  is  in  direct  union  with  peroxide 
of  hydrojgen,  and  with  two  atoms  of  carbon :  e,g. — 

'O**  I  OH  ry 

cJr      +    H«     «     c]5   :         c|cH»  +  H« 


■{ 


R  S  (CH» 


The  known  examples  of  secondary  alcohols  are  a  pseudo-  or  abnormal  propylic 
alcohol,  obtained  from  acetone  and  nascent  hydrogen,  and  by  attacking  glycerin  with 
hydriodic  acid,  and  then  decomposing  the  resulting  abnormal  iodide  of  isopropyl  with 
appropriate  reagents — a  pseudo-butyric  alcohol,  a  pseudo-amylic,  and  a  pseudo-hexylic 
alcohol,  the  last-named  being  obtained  from  glycerin. 

Genesis  of  the  Alcohols  of  the  Tertiar§  Th/pe. 

Inspection  of  the  formula  of  a  tertiary  alcohol  will  reveal  the  fact  that  a  tertiary 
alcohol  must  contain  an  atom  of  carbon  wluch  is  in  union  with  one  atom  of  peroxide  of 
hydrogen,  and  three  of  carbon.  This  structural  peculiarity  has  been  realised  by 
Buttlerow,  who  made  chloride  of  acetyl  act  on  zinc-ethyl  as  follows : — 

C{Ci      +       2(Z?C«H»)     «     C.      c«H»    ^   Znp, 


C'H»  2 

CH» 


Chlorido 
of  acetyl. 


{ 
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The  action  of  water  upon  the  latter  compound  gives  hjdrate  of  zinc,  and  the  tertiary 
of  alcohol : — 

^'^^  /(OH) 


(of) 


ri^ifd  Zn 


C»H»    +      EH)         =  C. 

C«H»  CH« 

CH«  ^ 

In  the  reaction  between  carbonic  oxide  and  sodium>ethyl  there  appears  to  result  a 
certain  quantity  of  a  tertiary  alcohol,  as  follows: — 

fO" 
CO  +  2NaC«H*     =     Na«   +   WC«H». 

(C*H»      . 

C^C»H*    +   NaC«H»     =      C^  25! 


C 


f(ONa)  f(On) 

^jj;  +  H^o  ^  c. 

I  CH* 


CH*      **"     ^*H^- 


(  CH 


5 


The  characters  of  the  tertiary  alcohols  are  almost  unknown.  The  secondary  alcohols 
boil  at  lowf  r  temperatures  than  the  corresponding  primary  alcohols,  and  oxidise  into 
ketones  instead  of  into  aldehydes.    They  are  apt  to  evolve  their  olefine. 

J.A.W: 


BBCOWBAJIT  AJklZBBS  and  AMIJUUS.  Compounds  derived  from  a  single 
or  multiple  molecule  of  ammonia,  by  the  replacement  of  two-thirds  of  the  typic  hydro- 
gen by  acid  and  basylous  radicles  rcsp^tivoly  (i.  170,  174). 

Sodio-potassic  tartrate.    (See  Tabtabio  Acid.) 

Syn.  with  Gbebn  Eabth  (ii.  944). 

An  ash-grey  or  black  silver  ore  from  Wolfiush  in  Baden  and  the 
Mexican  mines,  where  it  is  called  Plata  Azul.  It  is  said  to  consist  mainly  of  silver- 
carbonate,  but  is  probably  only  a  mixture. 

sa&SirAXiBZirB.  C*H>*NSe*.  (Wohlcr  and  Liebig,  Ann.  Ch.  Pharm.  IxL 
14.) — A  base  analogous  tothialdine,  produced  by  the  action  of  selenhydric  acid  on  alde- 
hydate  of  ammonium.  To  prepare  it,  the  gas  is  passed  into  a  rather  concentrated 
aqueous  solution  of  the  aldehydate,  in  an  apparatus  from  which  the  air  has  been  expelled 
by  a  current  of  hydrogen ;  and  when  the  liquid  has  deposited  crystals  of  selenaldine,  the 
excess  of  selenhydric  acid  gas  is  likewise  expelled  by  a  current  of  hydrogen.  The  super- 
natant liquid  containing  selenhydrate  of  ammonium  is  then  displaced  by  a  stream  of 
cold  de-aerated  water,  and  the  crystals  are  collected  on  a  filter,  pressed,  and  dried  over 
oil  of  vitriol. 

Selenaldine  forms  small  colourless  crystals,  probably  isomorpbous  with  thialdine, 
having  a  faint  disagree-able  odour,  and  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  but  not  crystallisable  by  evaporation  in  a  vacuum.  It  is  easily  decom- 
posed by  heat,  giving  off  a  fetid  gas ;  when  boiled  with  water  it  also  gives  off  a  very 
fetid  substance,  and  deposits  a  yellow  powder.  Its  solution  in  water,  alcohol,  or  ether 
yields  aldehydate  of  ammonium  on  exposure  to  the  air,  and  deposits  an  orange- 
coloured  amorphous  powder,  which  is  insoluble  in  alcohol  and  ether,  melts  to  a  yellow- 
red  mass  in  boiling  water,  and  yields  by  distillation  a  very  fetid  oil  oontainii^  selenium. 
Selenaldine  dissolves  in  dilute  hydrochloric  acid,  forming  a  liquid  which  is  precipitated 
by  ammonia  and  decomposes  quickly,  depositing  a  yellow  powder,  and  emitting  an 
offensive  odour. 

Syn.  with  Sblbxide  of  Cacodtl  (i.  408). 

(C''H*)*Se.    Already  described  as  SsLEinDB   of  Sthtl  (ii. 
544). 

SBZill JU  BY JD&XC  ACZB.  H'Se.  Described  as  Sblbnibb  or  Htdbooen  (iiL 
202).  It  may  also  be  prepared  by  heating  selenium  in  a  slow  stream  of  pure  dry  hydro- 
gen gas,  forming  easily  as  soon  as  the  selenium  assumes  the  form  of  vapour.  It  de- 
composes at  higher  temperatures ;  remains  gaseous  at  — 15°.  (Uelsmann,  Ann.  Ch. 
Pharm.  cxvL  122.) 

rzc  ACZ2>.    Sue  Selu2(ium,  Oxtobm-acxds  of. 
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IB  and  MMEtMM U I BXATXS*  Selenium  unites  with  metals  and 
with  alcohol-radicles,  forming  compounds  analogous  in  composition,  properties,  and 
mode  of  formation  to  the  sulphides. 

Metallic  Selenides  are  obtained  in  the  dry  state: — 1.  Bydirectljfasingthe  metal 
with  selenium,  the  combination  being  often  attended  with  development  of  light  ami 
heat,  not  so  vivid,  however,  as  in  the  combination  of  sulphur  with  the  same  metals ; 
also  by  heating  the  metal  in  vapour  of  selenium. — 2.  By  precipitating  most  of  the  heavy 
metallic  oxides  dissolved  in  acids,  by  means  of  selenhydric  acid,  or  of  a  disssolved 
selenide  of  an  alkali-metal,  or  by  heating  a  hydrated  metallic  selenide. — 3.  By  heating 
selenium  with  metallic  oxides  or  their  carbonates,  wliereby  part  of  the  selenium  is 
converted  into  selenious  oxide:  thus,  the  alkalis  fused  with  selenium  produce  an 
alkaline  selenite  and  a  metallic  selenide  (Berzelius).^-4.  By  igniting  selenites  or 
selenates  with  hydrogen  or  charcoal. 

The  selenides  of  the  alkali  metals  have  a  red  or,  if  they  contain  excess  of  selenium, 
a  dark  red-brown  colour,  and  the  hepatic  taste  and  smell  of  the  corresponding  sulphides. 
Their  aqueous  solutions,  which  may  be  obtained  by  pwsing  selenhydric  acid  gas  into 
solutions  of  the  caustic  alkalis,  are  colourless  when  pure,  but  are  gradually  coloured 
red  by  free  selenium  held  in  solution.  On  exposure  to  the  air,  they  decompose,  with 
deposition  of  crystalline  selenium.  When  selenhydric  acid  gas  is  passed  to  saturation 
into  a  solution  of  caustic  alkali,  a  selenhydrate  of  the  alkali-metal,  e.ff.  KHSe,  is 
produced. 

The  selenides  of  the  alkaline  earth-metals  are  flesh-coloured,  insoluble  in  pure  water, 
but  soluble  in  aqueous  selenhydric  acid ;  in  their  other  characters  they  resemble  the 
selenides  of  the  alkali-metals.  The  selenides  of  the  earth-metals  and  of  manganese 
and  zinc  are  also  flesh-coloured  and  insoluble  in  water.  The  other  metallic  selenides 
are  mostly  dark-coloured,  and  exhibit  the  metallic  lustre :  they  are  generally  more 
fusible  than  the  met-als  which  thoy  contain.  When  they  are  heated  to  redness  in  the 
air,  the  selenium  bums  slowly  witli  a  reddish-blue  flame,  and  an  odour  of  horseradish. 
Selenium  is,  however,  more  difficult  to  drive  off  by  roasting  than  sulphu**.  The  sele- 
nides are  less  easily  soluble  in  nitric  acid  than  the  pure  metals ;  selenide  of  mercury, 
almost  insoluble.  Chlorine,  with  the  aid  of  heat,  converts  them  into  chloride  of  sele- 
nium and  metallic  chloride.  lieated  in  hydrochloric  acid  gas,  they  yield  metallic 
chloride  and  selenhydric  acid. 

Some  mt'tjillic  selenides  occur  in  nature  as  rare  minerals,  or  as  impurities  in  sul- 
phides. Selenide  of  copper  occurs  as  berzelianite  at  Skrikerum  in  Sweden,  and  near 
Lehrbach  in  the  Hartz;  selenide  of  lead,  and  selenide  of  lead  and  copper,  as  claustha- 
lite,  at  Clausthal,  Tilkerode,  Lehrbach,  and  other  localities  in  the  Hartz ;  selenide  of 
lead  and  mercury  as  lehrbachite  at  Lehrbach;  selenide  of  silver  as  naumannite  at 
Tilkerode ;  selenide  of  silver  and  copper,  as  eucairite,  at  Skrikerum. 

The  selenides  and  selenhydrates  (selenium-mercaptans)  of  the  alcohol-radicles 
are  volatile  fetid  liquids  resembling  the  corresponding  sulphur-compounds.  The  ethyl- 
and  methyl-compounds  are  the  only  ones  yet  obtained  (ii.  644 ;  iii.  990). 

BBXJBVZOCTAirATBS.  CNMSe  »  CyMSe  and  C^*M"So'  ==  Cy^M'Se*.— - 
These  compounds,  the  analogues  of  the  stdphocyanates,were  discovered  in  1820  by  Ber- 
zolius  (Schw.  J.  xxxi.  60),  and  have  been  more  fully  examined  by  Crookes(Chem. 
Soc.  Qu.  J.  iv.  12).  The  potassium-salt  is  obtained  by  fusing  fcrrocyanide  of  potas- 
sium with  selenium*  The  solution  of  this  salt  mixed  with  acetate  of  lead  yields  a  pre- 
cipitate of  seleniooyamite  of  lead,  which  when  decomposed  by  sulphydric  acid,  yields 
a  solution  of  hydric  seleniocyanate,  or  scleniocyanic  acid ;  and  the  other  selcnioeyanates 
are  obtained  by  neutralising  the  acid  with  bases,  or  by  precipitation,  according  as  they 
arc  soluble  or  insoluble. 

Selenuwtfanate  of  Ammonium  is  a  soluble  very  deliquescent  salt,  crystallising  in 
minute  needles  like  the  potassium-salt 

The  barium-salt  is  obtained,  but  not  in  definite  ciystalline  form,  by  dissolving  car- 
l)onate  of  barium  in  the  aqueous  acid,  and  evaporating  in  a  vacuum. — The  calcium-salt 
cry stalli ftps  in  groups  of  stellate  needles ;  the  strontium-salt  in  fine  prisms. 

Cupric  Seleniocyaiiate. — Seleniocyanate  of  potassium  added  to  cupric  sulphate  throws 
down  a  brownish  precipitate,  which  is  probably  cupric  seleniocyanate.  It  is  rapidly 
decomposed,  even  at  ordinary  temperatures,  yielding  black  selenide  of  copper,  with 
separation  of  selenhydric  acid.     (Crookes.) 

Hydric  Selenioci/anatet  or  Seleniocyanic  Acid,  CNHSe  «  CyHSo,  is  prepared  by 
passing  a  rapid  stream  of  sulphydric  acid  gas  through  a  warm  aqueous  solution  of 
seleniocyanate  of  lead  in  which  the  same  salt  is  suspended  in  a  state  of  fine  division ; 
heating  the  filtrate  nearly  to  boiling  to  expel  the  excess  of  sulphydric  acid ;  and  again 
filtering,  to  separate  a  small  quantity  of  precipitated  selenium.  The  solution  thus 
obtained  is  strongly  acid,  and  easily  decomposed  by  boiling  or  by  exposure  to  the  air. 
.  It  cannot  be  conceutimted  without  decomposition  even  in  a  vacuum  over  oil  of  vitriol. 
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The  addition  of  almost  any  acid  causes  an  immediate  precipitation  of  selenium,  hydro* 
cyanic  acid  remaining  in  solution.  It  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen, and  decomposes  carbonates. 

Ferric  Seleniocyanate. — The  rapid  decomposition  which  seleniocyanic  acid  undergoes 
in  contact  with  stronger  adds,  prevents  the  formation  of  any  red  colour  with  ferric 
salts  by  double  decomposition.  Neither,  according  to  Crookes,  is  a  ferric  selenio- 
cyanate obtained  by  treating  ferric  oxide  with  seleniocyanic  acid,  selenium  being 
immediately  precipitated.  On  one  occasion,  however,  in  pn^paring  seleniocyanate  of 
potassium  by  the  process  described  below,  the  fused  mass  having  been  treated  with 
absolute  alcohol  in  a  well-dosed  flask,  a  deep  blood-red  filtrate  was  obtained,  the 
colour  of  which  soon  disappeared  on  exposure  to  the  air,  with  deposition  of 
selenium.  On  other  occasions  no  colour  was  obtained,  the  iron  always  remaining  as  a 
black  powder,  chiefly  consisting  of  carbide  of  iron. 

SekniocyanaU  of  Lead,  C»N«Pb''S«  =  C5r*Pb''S«.— Seleniocyanate  of  potassium  forms, 
with  acetate  of  lead,  a  lemon-yellow  precipitate,  which  dissolves,  with  slight  decompo- 
sition, in  boiling  water.  The  ftltered  solution,  which  is  nentxal  to  test-paper,  deposito, 
on  cooling,  beautiful  lemon-coloiurpid  needles,  which  are  insoluble  in  alcohol.  The  salt 
may  be  heated  to  100°  without  decomposition,  but  assumes,  when  moist,  a  slight  pink 
tint.    The  crystals  are  extremely  light.    (Crookes.) 

Seleniocyanate  of  Magnesium  is  soluble,  and  dries  up  to  a  gummy  mass  apparently 
destitute  of  crystalline  structure. 

Mercuric  Seieniocyanate  with  Mercuric  CUoride,  C*N«Hg"S2.Hg''Cl«.— Obtained  by 
adding  an  excess  of  mercuric  chloride  to  seleniocyanate  of  potassiunu  When  strong 
solutions  are  used,  the  whole  immediately  solidifies  into  a  felt-like  mass  of  yellovrish 
crystals;  these,  after  washing  with  water,  are  purified  by  recrystallisation  from 
alcohol  The  crystals  are  but  sparingly  soluble  in  cold  water,  but  dissolve  more 
readily  in  hot  water,  still  more  in  alcohol  and  in  dilute  hydrochloric  acid ;  the  latter, 
however,  separates  selenium  aft^r  a  while.  Nitric  acid  and  aqua-regia  dissolve  the 
double  salt  entirely,  the  liberated  selenium  being  immediately  oxidised.  The  crystals 
are  anhydrous,  and  may  be  heated  to  100°  without  decomposition ;  above  that  tempera- 
ture they  are  decomposed,  intumescing  in  a  remarkable  manner  (Crookes).  All 
Attempts  to  produce  the  simple  seleniocyanate  of  mercury  failed,  the  double  salt  just 
described  being  always  produced 

Seleniocyanate  of  Potassium^  CNKSo  =  CyKSe. — Prepared  by  fusing  1  pt.  of  selenium 
with  3  pts.  of  diy  ferrocyanide  of  potassium  in  a  small  retort ;  digesting  the  resulting 
greenish-black  mass  with  absolute  alcohol ;  and  passing  carbonic  anhydride  through  the 
solution  to  decompose  cyanide  and  cyanate  of  potassium,  and  precipitate  the  potassium 
in  the  form  of  acid  carbonate  (a  salt  which  is  quite  insoluble  in  absolute  alcohol).  The 
alcohol  is  then  distilled  o£r,  together  with  the  hydrocyanic  and  cyanic  adds ;  and 
the  watery  extract  of  the  residue  is  left  to  crystallise  in  vacuo  over  oU  of  vitriol.  The 
formation  of  the  salt  is  expressed  by  the  following  equation : 

C-N'K^iV  +  Se<     -     4CNKSe   -i-    FeC»  +   N«. 

The  residue  in  the  retort  consists  chiefly  of  carbide  of  iron,  together  with  undecomposcd 
yellow  prussiate,  and  traces  of  selenium  (Crookes).  The  salt  may  also  be  prepared 
by  dissolving  selenium  in  aqueous  cyanide  of  potassium.     (Wiggers.  Wohler.) 

Seleniocyanate  of  potassium  crystallises  in  needles,  having  the  same  form  and  tast^ 
as  the  sulphocyanate.  It  is  very  deliquescent,  and  ev(>n  mure  soluble  than  the  sulpho- 
cranate.  Its  solution  is  decomposed  even  by  weak  acids,  depositing  selenium  and 
giving  off  hydrocyanic  acid.  The  crystals  are  strongly  alkaline  to  test-paper,  and 
produce  great  reduction  of  temperature  when  dissolved  in  water.  They  may  be  heated 
without  decomposition  in  dose  vessels ;  but  if  the  air  has  access  to  them,  they  alter 
when  heated  a  little  above  100^. 

The  sodium-salt,  obtained  by  neutralisation,  is  very  soluble,  and  when  evaporated  in 
a  yacuum,  crystallises  in  small  foliated  crystals. 

Seleniocyanate  of  Silver,  CNAgSe. — The  potassium-salt  forms  with  nitrate  of  silver 
a  curdy  precipitate  resembling  chloride  of  silver ;  but  if  the  silver-solution  be  pre- 
viously mixed  with  ammonia,  the  seleniocyanate  of  silver  is  precipitated  in  beautiful, 
minute,  satiny  crystals.  This  salt  blackens  readily  on  exposure  to  l^ht ;  is  insoluble  in 
water,  and  very  sparingly  soluble  in  cold  dilute  adds.  It  is  instantly  decomposed  by 
boiling  with  strong  aciiLs ;  and  unless  oxidising  adds  are  used,  selenium  is  precipitated. 
(Crookes.) 

Seleniocyanate  of  Zinc,  obtained  by  dissolving  either  the  metal  or  its  oxide  in  sele- 
niocyanic add,  forms  groups  of  prismatic  needles,  which  are  not  deliquescent. 

rzoCTAVZC  ikCZB.    Syn.  with  Hydbic  Sblekioctanatb  (p.  219). 
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C«N«Se    -    ^^|Se.— Produced  by  the 
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action  of  iodide  of  cyanogen  on  seloniocyanate  of  silver.  It  is  a  volatile  crystalline 
bo<ly,  closfly  analogous  in  all  its  properties  and  reactions  to  sulphocyanic  anliydride 
(q.v.).    (Linnemunn»  Ann.  Ch.  Pharra.  cxx.  36.) 

BMMXtnoCTAXlC  BTBBS8.  The  only  one  known  is  the  allylic  ether, 
CN(C*H*)Se,  analogous  to  volatile  oil  of  mustard,  which  is  obtained,  though  not  quite 
pore,  by  cohobating  1  at.  seleniocyanato  of  potassium  in  alcoholic  solution  with  1  at. 
allylic  iodide  for  twelve  hours,  then  distilling,  and  mixing  the  distillate  with  water. 
Allylic  seleniocyanato  then  separates  as  a  heavy  yellow  oil,  which  may  bo  obtained 
colourless  by  treatment  with  chloride  of  calcium  ana  rectification,  but  does  not  exhibit 
a  constant  boiling-point  (150® — 18t°).  The  portion  lx>iling  at  160°  gave  by  analysis 
38*5  per  cent,  carbon  and  42  per  cent,  selenium,  whereas  the  formula  requires  32*6 
and  54*4.  The  compound  ha.s  an  extremely  offensive  alliaceous  odour,  and  when  exposed 
to  the  air,  gradually  turns  red  from  separation  of  selenium.  It  differs  from  the  sulpho- 
cyanate  in  not  inflaming  the  skm,  and  not  forming  a  crystalline  compound  with 
ammonia.     (Wohler,  Ann.  Ch.  Pharm.  cix.  125). 

[OVS  ACIS*    See  SELsmuM,  OxTOEN-Aans  of  (p.  226). 

Crystallised  native  sulphate  of  calcium.    (See  Gypsum,  ii.  962.) 

.    See  Selbkiuic,  Oxtoem-acids  of  (p.  226). 

Atomic  weighty  79*5.  Symbol,  Se. — An  elementaiy  substance  belong- 
ing to  the  oxygen-group,  and  occupying  the  intermediate  place  between  sulphur  and 
tellurium.  It  is  closely  allied  in  its  properties  to  sulphur,  and  often  associated  with 
that  element  in  the  mineral  kingdom.  It  was  discovered  by  Berzelius  in  1817,  in  the 
refuse  of  a  sulphuric  acid  manufactory  at  Oripsholm  near  Fahlun,  in  Sweden.  Though 
not  an  abundant  element,  it  enters  into  the  composition  of  many  minerals.  It  occurs 
in  the  free  state  at  Culebras  in  Mexico,  in  ciystals,  which,  according  to  Mitscherlieh, 
are  monoclinic,  and  in  greyish  or  brownish-black  incrustations  having  a  submetallic 
lustre.*  Selenitos  of  cadmium,  copper,  iron,  cobalt,  nickel,  lead,  silver,  and  mercury, 
are  also  found  native  (p.  219).  Selenium  fr^uently  occurs  as  an  impurity  in  native 
sulphur,  as  at  Vulcano,  one  of  tho  Lipari  Islands,  and  in  metallic  sulphides.  It  occurs 
to  a  greater  or  less  extent  in  the  iron  pyrites  of  certain  localities,  particularly  at 
Fahlun  in  Sweden,  and  at  Kraslitz  and  Luckawitz  in  Bohemia ;  also  in  some  forms  of 
copper  pyrites,  those  from  Rammelsberg  and  Anglesea,  for  instance ;  and  occasionally 
in  small  quantities  associated  with  tho  sulphides  of  lead  and  molybdenum;  also  in 
tellurium-ores,  and  in  pitchbende  from  Johangeorgenstadt  and  Schneeberg.  The 
principal  sources  of  selenium  are  the  double  selonide  of  lead  and  copper  found  at 
Oausthal  and  other  places  in  the  Hartz,  and  the  deposit  which  occurs  in  the  leaden 
chambers  of  certain  vitriol  works,  where  seleniferous  sulphur  or  pyrites  is  burned. 

Preparation. — 1.  From  the  cuproplumbic  selenides  of  the  Hartz.  The  pulverised 
ore  is  treated  with  hydrr^hloric  acid,  to  dissolve  the  earthy  carbonates,  and  the  washed 
and  dried  residue  is  ignited  for  some  time  with  an  equal  quantity  of  black  flux.  The 
selenium  is  thereby  converted  into  selenide  of  potassium,  which  by  treatment  with 
boiling  water  is  dissolved  awa^  from  the  oxides  formed  at  the  same  time.  This  solu- 
tion, when  exposed  to  the  air,  absorbs  oxygen,  and  yields  tho  selenium  as  a  grey 
deposit,  which  is  washed,  dried,  and  distilled. 

2.  The  seleniferous  deposit  from  certain  ritriol  works,  as  those  near  Fahlun,  is 
mixed  with  nitrate  and  carbonate  of  potassium,  and  deflagrated  in  a  rod-hot  crucible. 
The  residue,  containing  selenate  of  potassium,  is  treated  with  hydrochloric  acid,  and  the 
whole  is  evaporated  down  to  a  small  bulk,  whereby  a  reducing  action  is  set  up.  and 
.Mflcni )  IS  acid  is  liberated;  and  on  saturating  the  liquid  with  sulphurous  acid,  and 
heat  in:  it  to  the  boiling-point  8*:lenium  is  deposited  in  rod  amorpnous  flakes.  For 
furtluT  details  respecting  both  thc^se  ppoeesses,  see  Gmelin's  Handbttok,  ii.  232. 

Another  method  of  obtaining  selenium  from  the  deposit  of  the  sulphuric  acid 
chambers,  recommended  by  Lie  be  (Arch.  Pharm.  ci.  25),  is  to  treat  the  deposit  with 
nitromnriatic  acid  ;  expel  the  excess  of  this  acid  by  heat,  after  addition  of  sulphuric 
acid ;  wash  the  residue  when  cold  with  water ;  neutralise  the  solution  with  sodic  carbonate ; 
evaiwmte  to  dryness ;  roast  the  residue  at  a  gentle  heat  with  an  equal  weight  of 
sal-ammoniac,  tQl  it  becomes  red-brown  (nitrogen  and  sal-ammoniac  being  then  given 
off,  but  no  appreciable  quantity  of  selenium);  and  treat  the  r»^d-brown  mass  with  water, 
which  leaves  the  selenium  undissolved. 

3.  Bottger  has  shown  that  the  flue-dust  of  tho  roasting  furnaces  in  the  desilverising 
works  at  Mansfeld,  in  »Saxony,  contains  uncombined  selenium  in  quantity  sufficient 
for  profitable  extraction  (9  per  cent,  according  to  Kemper,  ^Vrch.  Pharm.  [2]  ci.  26). 

*  This  native  selcniiiTTt  in  xomf^tinm  c«llrd  Riolife,  from  Del  Rio,  who  discovered  it ;  but  that  name  it 
alto  niiplir^  to  «tflrnide  of  silver,  found  by  the  same  mineralogist  at  Tusco  tu  Mexico  (p.  111). 
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To  separate  the  selenium,  Bottger  levigat<»9  the  flue-deposit;  washes  out  the  heavier 
parts  with  water  containing  hydrochloric  acid,  and  with  pure  water ;  then  fuses  it  with 
crude  sodic or  potassic  carbonate  ;  pulverises  the  fused  mass,  lixiviates  it,  and  leaves  the 
brown-red  liquid  exposed  to  the  air ;  then  separates  the  deposited  s«^lenium  by  filtration, 
and  distils  it.     (J.  pr.  Chem.  Ixxi.  512.) 

Froperties. — Selenium,  like  sulphur,  occurs  in  different  allotropic  states,  both  amor- 
phous and  crystalline.  These  modifications  have  been  especially  studied  by  Hittorf 
(Pogg.  Ann.  Ixxxiv.  214 ;  Jahresb.  1851,  p.  318),  Mitscherlich  (J.  pr.  Chem.  Ixvi. 
301 ;  Jahresb.  1855,  p.  314), and  Regnault  (Ann.  Ch.  Phys.  [3]  xlvi.  257;  Jahresb. 
1856,  p.  44.) 

1.  Amorphous.— ^>e[emum,  precipitated  from  a  solution  of  selenhydric  acid  by  exposure 
to  the  air,  or  by  electrolysis  (electronegative  selenium),  is  amorphous,  and  soluble  in 
sulphide  of  carbon ;  that  which  is  deposited  from  aqueous  solenious  acid,  either  by 
electrolysis  or  by  the  reducing  action  of  sulphurous  acid  (electropositive  selenium),  is 
likewise  amorphous,  but  insoluble  in  sulphide  of  carbon. 

Amorphous  selenium  softens  when  heat^,  becon»es  semifluid  at  100°,  and  perfectly 
fluid  at  a  somewhat  higher  temperature  (Berzelius,  TrailS  de  Chimie  [1846],  ii.  190). 
On  cooling,  the  selenium  remains  soft  for  a  long  time,  and  may  be  drawn  out,  like 
sealing-wax,  inter  long  thin  flexible  threads,  which  when  flattened  are  transparent,  and 
of  a  deep  ruby  colour  by  transmitted  light.  When  quickly  cooled  from  fusion,  it  forms 
a  brittle  solid,  having  a  glassy  fracture,  almost  metallic  lustre,  and  deep  brown  colour. 
This  vitreous  selenium  has  a  specific  gravity  of  4*3,  is  nearly  insoluble  in  sulphide  of 
carbon,  does  not  conduct  electricity,  but  becomes  slightly  electrical  by  friction  in  a  dry 
atmosphere. 

2.  CrystalUne. — o.  Selenium,  wlien  very  slowly  cooled  from  the  fused  state,  forms  a 
lead-grey  mass  having  an  irregular  granular  surface  and  fine-grained  fracture  (Ber- 
zelius). Vitreous  selenium  remains  unaltered  at  ordinary  temperatures,  but 
at  temperatures  between  80^  and  217°,  most  quickly  between  125°  and  180°,  it 
becomes  crystalline,  the  change  being  attended  with  considerable  rise  of  temperature 
(Hittorf).  According  to  Begnaulty  vitreous  seleniiun  remains  unaltered,  even 
when  heated  to  90°  for  several  hours ;  but  at  96°  or  97°  it  passes  quickly,  and  with 
great  evolution  of  heat,  into  the  crystalline  state,  acquiring  a  bluish-grey  colour, 
metallic  lustre,  and  granular  fracture.  According  to  Mitscherbch,  the  change  from  the 
vitreous  to  the  crystalline  state  is  most  easily  effected  by  melting  the  selenium  in  a 
flask,  heating  it  above  217°,  then  quickly  cooling  it  to  180° — 190°,  and  keeping  it  for 
some  time  at  this  temperature.  This  crystallo-granular  selenium  is  quite  insoluble  in 
sulphide  of  carbon.  According  to  Hittorf,  it  melts  at  217°  without  previous  softening; 
but  according  to  Regnault,  it  gradually  softens  when  heated,  and  does  not  become 
completely  fluid  till  heated  above  250°. 

fi.  Selenium  deposited  from  a  solution  of  selenide  of  ammonium,  potassium,  or 
sodium,  on  exposure  to  the  air,  is  likewise  crystalline,  and  has  a  specific  gravity  of  4*808 
at  16°  (Hittorf);  4*760— 4788  at  15°  (Mitscherlich).  It  is  likewise  insoluble  in 
sulphide  of  carbon,  and,  according  to  Mitscherlich,  is  identical  in  every  respect  with  the 
crystaUo-CTsnular  variety  obtained  by  the  transformation  of  vitreous  selenium.  Crys- 
talline selenium  conducts  electricity  better  than  the  vitreous  modification,  and  the  more 
easily  as  its  temperature  is  higher. 

7.  Selenium  is  deposited  from  solution  in  sulphide  of  carbon  in  small  but  distinct 
crystals,  which,  according  to  Mitscherlich,  are  monodinic,  exhibiting  the  dominant  faces, 
oP,  0  +  P,  —  P,  together  with  numerous  secondary  faces.  Axes  a  :  5  *.  c  *=  0*6170  : 
1  :  -9622.  Angle  5  :  c  =  75°  34' ;  oP  :  +P  =  112°  36* ;  oP  :  -P  «  124°  48* : 
ooPoo:  +P  =  111°48';  odPoo :  -  P  -  123°  63'.  These  crystals  dissolve  easily, 
though  sparingly,  in  sulphide  of  carbon,  100  pts.  of  that  liquid  dissolving  1  pt  of 
selenium  at  the  boiling  heat,  and  0*016  pt.  at  0°.  They  retain  their  solubility  after 
being  heated  to  100°,  but  if  heated  to  150°,  becomes  nearly  black  and  quite  insoluble 
in  sulphide  of  carbon ;  the  selejiium  thus  modified  regains  its  solubility  by  melting 
and  rapid  cooling.  The  crystals  before  being  heated  have  a  specificgravityof  4'46to 
4'509  atl5° ;  after  heating,  it  increases  to  4*7°  being  then  nearly  equal  to  that  of  the 
variety  deposited  from  solutions  of  alkaline  selenides.  Oystalline  selenium  appears 
indeed  to  be  dimorphous,  the  two  varieties  being  probably  related  to  one  another  in 
the  same  manner  in  monoclinic  and  rhombic  sulphur  (iL  332).  Native  selenium 
(p.  221)  appears  to  be  monoclinic  (Mitscherlich) ;  its  specific  gravity  is  4*3 — 4*2, 
and  hardness  2  0. 

Amorphous  and  crystalline  selenium  exhibit,  according  to  Begnault,  a  considerable 
difference  of  specific  heat  at  comparatively  high  temperatures.  He  found  the  specific 
heat  of  crystalline  selenium  between  98°  and  20°  to  be  «  0*0762  ;  that  of  amorphous 
selenium  considerably  greater — viz.,  0*1036  between  87°  and  19°,  and  0*1026  between 
77°  and  18°.     At  lower  temperatures,  however,  as  between  — 20°  and  7°,  the  specific 
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heats  of  the  two  modifications  are  sensibly  equaL  The  change  fix>m  the  amorphous 
to  the  crystalline  state  is  attended  with  the  OTolation  of  a  quantity  of  heat  sufficient, 
according  to  Regnault,  to  raise  the  temperature  of  the  selenium  200  degrees. 
Mitscherlich,  however,  found  the  rise  of  temperature  to  be  much  smaller,  yiz.  20° ; 
and  according  to  Hittorf,  it  is  only  5^  (the  thermometer  rising  from  210°  ti>  215°). 

Selenium  heated  in  close  vessels  boils  below  a  red  heat,  and  is  converted  into  a  deep 
yellow  vapour,  which  condenses  in  scarlet  fiowers  or  black  lustrous  drops,  according  to 
the  size  of  the  condenser.  At  temperatures  not  much  above  its  boiling-point,  the 
density  of  its  vapour,  like  that  of  sulphur  uii.ler  similar  circumstances,  is  anomalous; 
but  at  higher  temperatures  it  diminishes,  and  ultimately  the  vapour  occupies  a  bulk 
nearly  equal  to  that  of  an  equivalent  quantity  of  oxygen.  According  to  Devi  He 
and  Troost  (Ann.  Ch.  Pharm.  cxxvii.  274),  the  vapour-density  of  selenium  is  7'67  at 
860°,  6*37  at  1040°,  and  5*68  at  1420°,  the  calculated  density  for  a  two-volume  con- 
densation being  5*54. 

Selenium  is  quite  insoluble  in  water,  whether  cold  or  hot.  It  dissolves  to  a  slight 
amount  in  oil  of  vitriol,  but  is  precipitated  on  dilution.  Its  relations  to  sulphide  of 
carbon  have  already  been  mentioned.  Monoclinic  selenium  and  the  amorphous  variety 
deposited  from  selenhydric  acid  are  soluble  in  that  liquid ;  the  vitreous  modification 
is  very  slightly  soluble ;  and  the  crystallo-granular  variety,  the  crystalline  selenium 
deposited  from  alkaline  selenides,  and  the  amorphous  variety  deposited  from  selenioua 
acid,  are  quite  insoluble. 

Selenium  does  not  take  fire  very  readily,  but  when  thoroughly  heated  in  contact  with 
air,  it  bums  with  a  blue  fiame,  forming  selenious  anhydride,  giving  off  yellowish-red 
vapours  of  unoxidised  selenium,  and  emitting  an  odour  like  thatof  decayed  horseradish, 
probably  due  to  a  protoxide  of  selenium  formed  at  the  same  time.  When 
heated  in  a  current  of  oxygen  gas,  it  is  wholly  converted  into  selenious  anhydride.  It 
nm'tes  directly  with  bromine  and  chlorine,  and,  when  heated,  also  with  iodine,  sulphur, 
phosphorus,  and  metals.  It  is  oxidised  and  dissolved  by  nitric  and  nitromuriatic  acid, 
yielding  selenious  acid. 

BMItMNTUVKf  BSOMXB8  OF*  When  pulverised  selenium  is  dropped  by  small 
quantities  into  bromine,  combination  takes  place,  attended  with  loud  hissmg  and  con- 
siderable evolution  of  heat ;  and  the  compound  instantly  solidifies  to  a  brown-red  or 
orange-red  mass,  which  fumes  in  the  air  and  smells  like  chloride  of  sulphur. 
It  volatilises  when  heated,  part  being  resolved  into  selenium  and  bromine,  while 
the  rest  sublimes  as  a  yellow  mass.  Water  dissolves  and  decomposes  it,  forming 
hydrobromic  and  selenious  acids.     (Serullas.) 

SBTiKWAUMf  CB&ORZXIB8  OF*  There  are  two  chlorides  of  selenium,  both 
formed  by  direct  combination.  The  dichloride^  Se*Cl*,  or  perselenide  of  chlo- 
riney  analogous  to  persulphide  of  chlorine,  S^Cl*,  and  persulpnide  of  hydrogen,  H^^ 
was  discovered  by  ^erzelius,  who  obtained  it  by  heating  the  tetrachloride  with 
selenium.  According  to  S ace  (Ann.  Ch.  Phys.  [3]  xxiii.  124),  it  may  be  obtained  by 
passing  a  slow  stream  of  dry  chlorine  through  an  inclined  glass  tube  filled  with 
fragments  of  fused  selenium.  The  heat  evolved  by  the  reaction  volatilises  the 
chloride  of  selenium,  which  condenses  in  the  colder  parts  of  the  tube,  and  fiows  in 
thick  drops  through  the  open  end  into  a  perfectly  dry  receiver. 

Bichloride  of  selenium  is  a  dark-yellow  oily  liquid,  having  a  pungent  odour,  not  veiy 
volatile  according  to  Berzelius,  extremely  volatile  according  to  Sacc.  It  is  slowly 
decomposed  by  cold,  quickly  by  hot  water,  into  hydrochloric  acid,  selenious  acid,  and 
fn^e  selenium ;  but  the  decomposition  is  seldom  complete,  because  a  portion  of  the  dichlo- 
ride  j^enerally  becomes  mechanically  enclosed  in  the  solid  selenium. 

Tetrachloride  of  Selenium^  SeCl\  is  produced  by  pa«:sing  chlorine  gas  over 
fused  ('flenium,  contained  in  a  bulb-tube.  The  liquid  dichloride  is  at  first  produced, 
and  is  afterwards  converted  into  a  white  solid  mass  of  the  tetrachloride,  which  when 
further  heated,  volatilises  as  a  yellow  vapour,  and  sublimes  on  the  colder  parts  of  the 
appamtus  in  small  thin  crystals.  By  prolonged  beating,  the  crystals  aggregate  into 
a  white  semi-fused  mass,  which  becomes  fissured  on  cooling.  Tetrachloride  of  sele- 
nium dissolves  in  water  with  rise  of  temperature  and  slight  efiervescence,  forming  a 
solution  of  hydrochloric  and  selenious  acids:  SeCl*  +  3H«0  =  4HC1  +  H*SeO* 
(Berzelius,  Ann.  Ch.  Phys.  [2]  ix.  225).  When  decomposed  by  a  small  quantity 
of  water,  or  by  exposure  to  moist  air,  it  yields  oxychlorido  of  selenium,  SeCPO  or 
SeCKSeO*  (p.  224). 

When  a  selenate  is  heated  with  common  salt  and  sulphuric  acid,  tetrachloride  of 
selenium  mixed  with  free  chlorine  passes  over  first,  and  then  green  vapours,  which  con- 
dense to  an  oily  mixture  of  selenious  and  sulphuric  acids.  (H.  Rose,  Pogg.  Ann. 
xxvii.  676.) 

Tetrachloride  of  selenium  gradually  absorbs  vapour  of  sulphuric  anhydride,  especially 
when  the  two  substances  are  enclosed  in  a  closely-corked  vessel  and  placed  in  a  warm 
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room;  they  then  unite,  without  disengagement  cither  of  sulphurous  anhydride  or  of 
chlorine,  and  form  a  very  dense  greenish-yellow  svrup,  the  excess  of  sulphuric  auhy- 
dride  remaining  in  the  crystalline  form.  On  distilling  the  syrup  at  a  gentle  heat,  the 
excess  of  sulphuric  anhydride  pitsses  over  first,  and  the  residue  in  the  retort  solidifies 
on  cooling  to  a  white  crystalline  mass.  This,  when  more  strongly  heated,  melts  to  a 
light-brown  liquid,  and  evolves  (with  disengjigement  of  chlorine,  but  not  of  sulphurous 
anhydride)  a  reddish-yellow  vapour  resembling  nitric  peroxide,  which  condenses  to  a 
colourless  syrup,  and  finally  to  a  white  mass  resembling  wax.  The  latter  substance  is 
freed  from  adhering  chlorine  by  a  second  distillation.  After  this  treatment,  it  boils 
constantly  at  187°,  and  may  bo  redistilled  without  leaving  any  residue  or  undergoing 
further  decomposition.  It  contains,  on  the  average,  12*895  per  cent,  of  selenium  and 
36885  of  chlorine;  and,  according  to  H.  RoPe,  may  bo  regarded  as  2(SeCl".5SO*)  + 
6(SeCl*.SeO*).  Berzelius,  on  the  other  hand,  regards  it  as  consisting  mainly  of  the 
compound  SeCl'.SO',  analogous  to  the  compounds  of  sulphuric  anhydride  with  other 
chlorides.  It  deliquesces  rapidly  in  the  air,  exlialing  tlie  odour  of  hydrochloric  acid ; 
and  dissolves  readily  in  water,  without  first  sinking  to  the  bottom  in  oily  drops ;  the 
solution,  which  is  generally  coloured  red,  from  the  presence  of  a  small  quantity  of  free 
selenium,  contains  hydrochloric,  sulphuric,  and  selenious  acids  (no  selenic  acid). 
(H.  Rose,  Pogg.  Ann.  xliv.  315.) 

SBXiSWZVM,  <nrAXrZ3IB8  OF.  Syn.  with  SBLENioCTAjnc  Ajnhtdbidb  (p.  220). 

SBZiBXrZirM,  BBTBCTZOW  ABTB  B8TZMLA.TZOB'  OV.  1.  Blowpipe- 
reactions. — Metallic  selenides  heated  in  the  outer  fiame,  and  selenitcs  or  selenates 
heated  in  the  inner  flame,  on  charcoal,  give  oflT  a  characteristic  odour,  like  that  of  decayed 
horseradish.  When  a  metallic  selenide  is  heated  in  the  outer  flame  on  charcoal,  the 
charcoal  generally  becomes  covered,  at  some  distance  from  the  bead,  with  a  steel-grey, 
slightly  metallic  deposit  of  selenium,  which  may  be  easily  driven  by  the  oxidising 
flame  from  one  part  to  another.  Selenium- compounds  heated  on  charcoal  with  carbo- 
nate of  sodium  yield  a  residue  of  selenide  of  sodium,  which  when  placed  on  a  clean 
silver  surface  and  moistened  with  a  drop  of  water,  produces  a  black  staiu.  When  a 
metallic  selenide  is  heated  in  an  inclined  glass  tube  open  at  both  ends,  part  of  the 
selenium  is  volatilised  in  the  free  state,  and  forms  a  rea  sublimate  on  the  upper  part  of 
the  tube,  the  metal  being  at  the  same  time  oxidised.  Sometimes  also  selenious  oxide 
is  formed,  and  deposited  on  the  colder  part  of  the  tube  in  a  network  of  crystals. 

2.  Reactions  in  Solution. — Selenhydric  acid  and  solutions  of  alkaline  selenides 
deposit  selenium  on  exposure  to  the  air,  the  former  yielding  it  in  red  amorphous  flakes, 
the  latter  as  a  grey  crystalline  film  (p.  222).  Selenides  heated  with  acids,  give  off 
selenhydric  acid  gas,  which  is  inflammable,  has  a  peculiar  fetid  odonr,  and  fozms  dark- 
coloured  precipitates  with  most  metallic  solutions  (iii.  202). 

*  Soluble  selenites  give  with  sulphurous  acid  and  other  reducing  agents,  a  red  pre- 
cipitate of  free  selenium,  and  with  suJphydric  acid,  a  lemon-yellow  precipitate  of  sul- 
phide of  selenium.  Soluble  selenates  give  with  chi^mde  of  barium,  a  precipitate  of 
barytic  selenate,  which  is  insoluble  in  cold  dilute  acids ;  but  when  heated  witn  hydro- 
chloric acid,  gives  off  chlorine  and  is  reduced  to  selenite  of  barium,  which  dissolves. 

3.  Estimation  and  Separation. — The  methods  adopted  for  the  quantitative 
estimation  of  selenium  vary  according  to  the  nature  of  the  compound  to  be  analysed. 
When  the  selenium  is  contained  in  a  solution  in  the  form  of  selenious  acid  or  a 
selenite,  the  solution  is  acidulated  with  hydrochloric  acid,  and  mixed  with  an  oZAra/m^ 
sttlphiie.  The  selenium  is  thereby  reduced  and  precipitated  as  a  red  powder,  which,  on 
heating  the  liquid,  cakes  together  and  turns  black.  The  treatment  with  alkaline  sul- 
phite must  be  repeated  till  no  more  red  coloration  is  produced.  The  precipitate  is 
then  to  be  collected  on  a  weighed  filter,  washed,  dried  at  a  gentle  heat,  and  weighed. 
If  the  solution  likewise  contains  nitric  acid,  this  acid  must  be  decomposed  by  boiling 
with  hydrochloric  acid  before  adding  the  alkaline  sulphite. 

When  selenium  is  present  in  solution  as  selenic  acid,  the  liquid  must  be  boiled 
with  hydrochloric  actd  to  convert  the  selenic  into  selenious  acid,  from  which  the  sele- 
nium may  then  be  precipitated  by  an  alkaline  sulphite  as  above.  The  precipitation  of 
selenic  acid  as  a  banum-salt  does  not  give  very  exact  results,  because  selenate  of  barium 
is  not  quite  insoluble  in  dilute  acids,  and,  moreover,  has  even  a  greater  tendency  than 
the  sulphate  to  carry  down  other  salts,  which  cannot  be  separated  from  it  by  washing 
with  hot  water.  Insoluble  selenates,  like  selenate  of  barium,  which  are  but  slowly 
reduced  to  selenites  by  boiling  with  hydrochloric  acid,  must  first  be  decomposed  by 
digestion  with  a  solution  of  alkaline  carbonate.  If,  however,  the  selenate  of  barium  be 
mixed  with  sulphate,  the  decomposition  of  the  former  by  aqueous  alkaline  carbonates 
is  never  complete  ;  hence  sulphate  and  selenate  of  barium  cannot  be  separated  by  this 
method  (H.  Rose,  Pogg.  Ann.  cxiii.  472,  621  ;  Jahresb.  1861,  p.  828).  The  quantities 
of  these  two  salts  in  a  mixture  may,  however,  be  ascertained  by  an  indirect  method. 
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of  iodine  And  selenium  melt  together  when  heated,  to  a  blackish-grej  mass,  from  which 
the  whole  of  the  iodin^;  is  extracted  by  absolute  alcohoL     (Trommsdorff.) 


BB&lOrXVlIK,  OaLZBBS  Airo  OXTOBMT-ACZBS  OF.  The  only  oxide  of 
selenium  whose  composition  is  exactly  known  is  the  dioxide  or  selenious  anhy- 
dride, SeO',  the  hyorate  of  which  is  selenious  acid,  H'SeO*.  A  lower  oxide  is 
produced  by  the  imperfect  combustion  of  selenium  in  air  or  oxygen,  but  its  composition 
has  not  been  ascertained.  It  is  a  colourless  gas,  which  is  the  source  of  the  peculiar  horse- 
radish odour  evolved  in  the  combustion  of  selenium  ;  it  is  sparingly  soluble  in  water, 
but  has  no  acid  reaction.  The  tri oxide,  or  anhydride  of  selenic  acid,  HK).SeO',  has 
not  been  isolated. 

IMoxlda  of  Selanluin,  Belanloiis  Ozlda  or  Anbydiida*  SeO*. — This  compound, 
the  analogue  of  sulphurous  oxide,  SO',  is  produced  by  burning  selenium  in  a  stream  of 
oxygen  ;  or  by  evaporating  the  solution  of  selenious  acid  to  dryness.  In  the  latter 
ease  it  is  obtained  as  a  white  mass  which  does  not  melt,  but.,  at  a  heat  somewhat  below 
redness,  volatilises  in  the  form  of  a  yellow  vapour,  which  condenses  in  white  four-sided 
needles.     It  absorbs  water  rapidly,  producing  selenious  acid. 

Balenlous  Aold,  H»SeO«  -  (^a^'(o*.— This  acid  is  produced  by  the  hydration 

of  selenious  oxide,  or  by  the  action  of  nitric  or  nitromuriatic  acid  on  selenium.  From 
its  hot  aqueous  solution,  it  is  deposited,  on  slow  cooling,  in  prismatic  crystals  like  those 
of  saltpetre,  which  readily  absorb  water,  but  eflBoresce  in  dry  air.  When  heated  it 
splits  up  into  water  and  the  anhydride,  which  sublimes  at  a  higher  temperature.  Its 
solution  has  an  acid  taste,  and  is  reduced,  especially  at  the  boiling  heat,  oy  sulphurous 
acid  or  a  sulphiU^  with  deposition  of  red  amorphous  selenium ;  also  by  stannous 
ehtoride,  and  by  all  metals,  except  gold,  palladium,  and  platinum,  but  not  by  ferrous 
sulphate.  Suiphy^ric  acid  throws  down  from  its  solution  a  yellow  precipitate,  usually 
regurded  as  disulphide  of  selenium,  but  consisting,  according  to  H.  Kose  (Pogg.  Ann. 
cvii.  186),  merely  of  a  mixture  of  selenium  and  sulphur: 

fl^SeO*  +  2H»S     -     3H«0   +  Se   +   S« 

Selenious  acid  is  not  decomposed  by  boiling  with  hydrochloric  acid.  It  is  oxidised  to 
selenic  acid  by  chlorine  in  presence  of  water,  by  potassic  ehromate^  peroxide  of  manga" 
nese,  and  peroxide  of  lead,  and  by  fusion  with  saltpetre, 

Selenious  acid  is  a  venr  powerful  acid,  approximating  to  sulphuric  add  in  the  energy 
of  its  reactions.  It  reddens  litmus,  neutralises  alkalis  completely,  effervesces  with 
carbonates,  and  being  non-volatile,  decomposes  chlorides  and  nitrates  with  aid  of  heat. 
Its  aqueous  solution  precipitates  the  neutral  salts  of  lead  and  silver. 

Selenites. 

Selenious  acid  is  dibasic,  forming  neutral  salts,  M'SeO'  and  IT'SeO',  and  acid  salts, 
HMSeO*  and  H'<iyi"Se*0«.  The  acid  selonites  of  the  alkali-metals  also  form  double 
or  hyperacid  salts,  with  an  additional  quantity  of  selenious  add :  e,g.  llKSeO".H'SeO*. 
The  neutral  selenites  have  a  purely  saline  taste.  They  are  decomposed  by  heating 
with  charcoal,  yielding  selenides,  or  metallic  oxide  and  selenium.  When  heated 
with  carbonate  of  sodium  in  the  inner  blowpipe-flame,  they  emit  the  characteristic 
horseradish  odour.  The  fused  mass  moistened  with  water  produces  a  brown  stain 
on  silver.  Heated  with  chloride  of  ammonium,  out  of  contact  with  the  air,  they  yield 
a  sublimate  of  metallic  selenium.  The  selenites  of  the  alkali-metals  are  soluble  in 
water,  and  their  solutions,  acidulated  with  hydrochloric  acid,  behave  like  the  free 
add  with  sulphurous  add,  sulphydric  add,  &c  The  other  selenites  are  insoluble  in 
water,  but  soluble  in  nitric  acid ;  the  lead-  and  silver-salts,  however,  dissolve  but 
slowly.  The  selenites  have  been  examined  chiefly  byBerselius  and  by  M  us  prat  t 
(Chem.  Soc.  Qu,  J.  ii.  62.) 

Selenites  op  Altimxxium.— The  neutral  salt,  Al'0».3SeO'    «    (Al'"^«  (  ^» 

obtained  by  precipitating  an  aluminium-salt  with  neutral  selenite  of  potassium,  is  a 
white  powder  insoluble  in  water,  and  decomposing  when  strongly  heated,  giving  off 
first  water  and  then  the  whole  of  its  acid  (Berzelius). — ^An  acid  salt  is  formed 
by  dissolving  the  neutral  salt  or  aluminium-hydrate  in  selenious  acid,  and  is  obtained 
by  evaporation  as  a  colourless,  gummy,  transparent  mass,  having  a  harsh  taste  and 
easily  soluble  in  water.    (Berzelius.) 

Selenites  of  Ammonium. — The  neutral  salt,  (NH*)*SeO*,  is  obtained  in  shin- 
ing deliquescent  crystals,  by  saturating  alcoholic  selenious  add  with  ammonia-gas 
(Mq  sprat t) ;  also  by  leaving  a  solution  of  the  add  in  ezoeei  of  aqueous  ammonia  to 


228  SELENIUM:  OXYGEN-ACIDS. 

Heutral  ferrous  Sdenite,  Fe^SeO',  is  a  white  precipitate,  gradually  tnrning  grey,  and 
alUmately  yellow,  on  exposure  to  the  air.  Its  solution  in  selenious  acid  yiel(u  an  add 
salt,  Fe"SeO*.SeO*,  slightly  soluble  in  water ;  the  solution,  when  heated,  yields  a  brown 
precipitate,  consisting  of  selenium  and  ferric  selenite.    (Berzelius.) 

Srlbnitbs  op  Lkad. — ^The  neutral  salt,  Pb^SeO*,  obtained  by  piedpi toting 
aqueous  chloride  of  lead  with  excess  of  ammonium-selenite,  is  a  white  heavy  powder, 
nearly  insoluble  in  water,  slightly  soluble  in  nitric  acid,  and  melting,  almost  as  easily  as 
chloride  of  lead,  to  a  yellowish  transparent  liquid,  which  solidifies  to  a  white  opaque 
mass  haying  a  crystalline  fracture.  By  exposure  to  a  strong  red  heat,  or  by  treatment 
with  ammonia^  it  is  vonyerted  into  a  basic  salt,  which  forms  a  translucent,  friable, 
fusible  mass,  also  having  a  crystalline  fracture. — According  to  Kersten  (Fogg.  Ann. 
zlyi.  277),  neutral  selenite  of  lead  occurs  natiye;  but^  according  to  H.  Rose,  the 
mineral  thus  characterised  is  a  selenate  (p.  232). 

Sblbnitbb  of  Maonbsiux. — The  neutral  salt,  MgfSeO".3HK)  (Muspratt), 
femains,  on  treating  carbonate  of  magnesium  with  selenious  acid,  as  a  granular  powder, 
insoluble  in  cold,  slu;fatly  soluble  in  hot  water,  and  separating  therefrom,  on  evaporation 
and  cooling,  in  suui&  four-sided  prisms  or  tables.  At  a  higher  temperature  it  gives  oflf 
its  water,  and  acquires  a  ftised  appearance,  but  without  actually  melting  or  giving  off 
ad4,  and  attacks  the  grUss  strongly  f Berzelius). — The  acid  salt  is  precipitated  by 
alcohol  from  a  solution  of  the  neutru  salt  in  selenious  acid,  as  a  czystallisable,  pasty, 
deliquescent  mass.    (Berseli  us.) 

Sblbnitbs  of  MAVOAKBsa — The  neutral  salt  is,  according  to  Berzelius,  a  soft, 
white,  easily  ftisible  powder,  which  melts  and  decomposes  when  heated,  and,  in  the 
fused  state,  attacks  grass  strongly.  It  is  insoluble  in  water.  Muspratt,  by  dissolving 
carbonate  of  manganese  in  selenious  add,  obtained  a  white  sandy  powder  having  the 
composition  Mn''&0'.2HK),  which  formed  a  colourless  solution  witn  cold,  and  a  palo- 
nd  solution  with  hydrochloric  acid. — The  acid  salt  is  crystallisable,  yeiy  soluble  in 
water,  and  gives  off  half  its  acid  when  heated  out  of  contact  with  the  air. 

Sblbnitbb  of  Mbbcubt. — The  neutral  mereurie  salt,  Hg^SeO*,  obtained  by 
double  decomposition,  or  by  bringing  mercuric  oxide  in  contact  wiSi  aqueous  selenious 
acid,  is  a  white  powder,  insoluble  or  very  slightly  soluble  in  water.w-The  acid  mercu-^ 
rie  salt,  formed  by  adding  mercuric  oxide  to  aqueous  selenious  acid  till  the  neutral 
Mklt  begins  to  separate  out,  then  filtering  and  evaporatinff,  crystallises  in  large  prisms, 
longitx^nally  striated,  having  the  taste  of  oorrosiye  sublimate,  and  containing  a  large 

Quantity  of  water.  The  crystallised  salt  melts  in  its  water  <^  crystallisation  when 
eated,  then  solidifies,  and  finally  sublimes  unaltered.  It  dissolves  easily  in  water, 
yery  slightly  in  alcohol ;  the  aqueous  solution  is  not  precipitated  by  ammonia,  and  very 
Blowly  by  alkaline  carbonates ;  potash  also  throws  down  only  part  of  Uie  oxide.  Sul- 
phurous acid  precipitates  white  mercurous  selenite,  which  soon  acquires  a  scarlet  colour, 
from  the  presence  of  reduced  selenium  (Berzelius). — A  banc  salt,  3Hg''0.4Hg''SeO', 
is  obtained,  according  to  Kohler,  by  boiling  precipitated  mercuric  oxide  with  selenious 
add.    It  is  pale-yellow  and  insoluble  in  water. 

Neutral  mercurous  Selenite,  Hp'SeO',  obtained  by  predpitating  mercurous  nitrate 
with  selenite  of  sodium,  is  a  white  powder,  melting  wnen  heated  to  a  dafk-brown  sub- 
stance, which  becomes  lemon-yellow  on  coolinff ;  at  a  stronger  heat,  it  boils,  and  passes 
over  in  brown  drops,  which  become  amber-yeUow  and  mosUv  transparent  on  cooling. 
Hydrochloric  add  converts  it  into  mercuric  chloride,  the  selenious  add  being  partlv 
reduced  to  the  state  of  free  selenium,  and  partly  remaining  dissolved  in  the  hquid. 
The  salt  gives  up  all  its  add  to  caustic  potash.  It  is  not  soluble  either  in  water  or  in 
aqueous  selenious  add  (Berzelius). — A  mercurous  anhydro-salt,  3B^g'SeO'.SeO*,  is 
obtained,  according  to  Kohler,  as  a  dark,  brick-red,  opaque,  crystalline  mass,  by  melting 
the  neutral  salt  at  180°,  and  raising  the  temperature  a  little  higher. 

Sblbki^tb  of  Nickbl. — ^The  neutral  salt,  obtained  by  predpitation,  is  insoluble 
in  water,  white  when  moist,  but  becomes  apple-green  on  drying  (Berzelius).  Accord- 
ing to  Mu«pratt,  on  the  contrary,  it  is  preapitated^  on  adding  selenite  of  potassium  to 
BuTphate  of  nickel,  as  a  greenish  powder,  containing  Ni"SeO'.HK>,  which  becomes 
white  when  dry. — ^The  acid  salt  is  a  green  gummy  mass,  soluble  in  water.  (Ber- 
selius.) 

Sblbnitbb  of  FoTASSirx. — Selenious  add  and  potash  form  three  different 
Baits,  which  are  obtained  by  mixing  the  acid  with  potash  or  potassium-carbonate  in  the 
required  proportions. — The  neutral  salt,  K'SeO',  obtained  oy  saturating  carbonate  of 
potassium  with  selenious  add,  separates  on  evaporation,  but  not  on  cooling,  in  czystal- 
fine  grains.  It  melts,  when  heated,  to  a  yellow  mass,  which  again  becomes  white  on 
cooling;  it  attracts  moisture  from  the  air,  and  dissolves  in  nearly  all  proportions  in  water, 
but  is  insoluble  in  alcohol.  It  hss  a  disagreeable  taste,  and  strong  alkaline  action 
to  test-paper. — ^The  acid  talt,  KHSeO*,  crystallises  with  difiloilty  on  cooling  from  « 
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week,  separates  in  large  yellow  crystals,  rery  much  like  those  of  neutral  potassiom- 
chromate.  They  are  oblique  rhombic  prisms,  having^ their  terminal  edges,  and  firequently 
also  the  obtuse  lateral  edges,  replaced  by  planes  :  generally  associated  in  twins.  The 
salt  is  permanent  in  the  air,  soluble  in  water.  The  solution  is  colourless ;  has  a  strong 
sour  taste ;  is  not  decomposed  by  acids ;  becomes  turbid  when  heated,  the  salt  being 
resolved  into  selenious  oxide  and  neutral  zinc-selenite.  A  crystal  heated  to  30°  or 
40^  undergoes  the  same  change,  becoming  white  and  opaque ;  on  increasing  the  heat, 
the  ciystal  melts,  and  is  resoWed  into  water  which  distils  over,  selenious  oxide  which 
sublimes,  and  a  neutral  or  basic  salt  which  remains  behind.  (Wohler,  Ann.  Ch. 
Pharm.  lix.  279.) 

Sblekite  of  Zibcomium  is  a  white  powder,  insoluble  in  water,  soluble  in 
selenious  acid,  decomposed  by  heat,  leaving  a  residue  of  zirconia.     (Berzelius.) 

Selenio  Add,  H«SeO*  «  H^CSeO*  =  ^^1^  |o«,— This  add,  the  analogue  of 

sulphuric  acid,  was  discoTered  in  1827  by  Mitscherlieh  (Pogg.  Ann.  ix.  623), 
and  has  been  further  examined  by  Wo  hi  will  (Ann.  Ch.  Pharm.  exiy.  162)  and 
V.  Hauer  (Wien.  Akad.  Ber.  xxxix.  299 ;  Jahresb.  1860,  p.  85). 

Selenic  acid  (or  a  metallic  selenate)  is  formed:  1.  By  fusing  selenium,  selenious 
oxide,  or  a  selenite  with  nitrate  of  potassium  or  sodium. — 2.  By  the  action  of  chlorine 
and  water,  or  of  hypochlorous  acid,  on  selenium,  selenious  acid,  or  selenites. — 8.  By 
heating  selenious  acid  with  peroxide  of  lead,  peroxide  of  manganese,  or  chromate  of 
potassium.    (Wohlwill.) 

Preparation.— Aqneoua  selenic  acid  is  usually  prepared  by  fusing  an  alkaline  selenita 
with  nitrate  of  potassium  or  sodium,  precipitating  the  solution  of  the  resulting  alkaline 
selenate  with  a  lead-salt^  and  decomposing  the  precipitated  selenate  of  lead  with  sul- 
phydric  acid.  According  to  Wohlwill,  however,  this  process  is  not  advantageous, 
btH^auso  a  portion  of  the  selenate  of  lead  obstinately  resists  decomposition.  The 
following  is  more  convenient  and  productive.  Selenious  acid  is  first  prepared  b^ 
dissolving  selenium  in  nitric  acid ;  aiid  the  solution,  after  moderate  concentration,  is 
finally  evaporated  down  in  a  retort  provided  with  a  receiver,  whereupon,  after  the 
excess  of  nitric  acid  and  the  water  have  been  driven  off,  the  liquid  suddenly  becomes 
briskly  agitated,  and  a  considerable  quantity  of  the  selenious  acid  volatilises  and  con- 
denses in  the  receiver  to  a  snowy  mass.  The  solution  of  this  sublimed  selenious  acid, 
or  cupric  selenite  (prepared  therefrom  with  cupric  carbonate  suspended  in  water),  is 
treated  with  chlorine  gas ;  the  excess  of  chlorine  is  allowed  to  evaporate  from  the 
liquid  by  exposure  to  the  air  at  the  ordinary  temperature ;  the  liquid  is  saturated  with 
pure  cupric  carbonate ;  and  the  cupric  selenate  contained  in  the  liquid  (filtered  from 
unaltered  cupric  selenite)  is  separated  £rom  cupric  chloride  by  precipitation  with 
alcohol  (whicn  leaves  the  ddoriae  in  solution),  or  by  repeated  crystallisation.  The 
cupric  selenate  is  then  suspended  in  a  small  quantity  of  water,  and  decomposed  by 
sulphydric  acid ;  and  the  filtered  aqueous  acid  is  concentrated  by  evaix>ration  over  the 
water-bath.  The  formation  of  selenic  acid  by  oxidising  selenious  add  with  chlorine 
may  be  used  for  the  preparation  of  selenates,  but  not  for  the  direct  preparation  of  the 
aqueous  add,  because  the  hydrochloric  add  formed  at  the  same  time  reconverts  the 
selenic  add,  unless  neutralised,  into  selenious  add,  slowly  in  the  odd,  quickly  when 
heated.    (Wohlwill.} 

Von  Hauer  precipitates  a  solution  of  potassium-selenite  with  caldum-nitrate ; 
purifies  the  resulting  caldum-selenate  by  solution  in  water  and  predpitation  by  heat 
(it  is  less  soluble  in  hot  than  in  cold  water) ;  then  decomposes  it  by  boiling  with  excess 
of  cadmium-oxalate  and  water,  till  the  liquid  is  free  £rom  caldum ;  predpitates  the 
cadmium  from  the  filtered  liquid  with  sulphydric  acid ;  expels  the  excess  of  that  add 
i^m  the  filtrate  by  heat,  and  concentrates  by  evaporation. 

Properties. — Selenic  add  is  a  transparent  colourless  liquid,  which  in  the  most  con- 
centrated state  boils  at  280^^,  and  has  a  specific  gravity  of  2*6.  The  liquid  in  this 
state  is  not  quite  pure  selenic  acid,  H'SeO^,  but  contains  a  little  water  in  addition, 
which  cannot  be  driven  off  without  f^^er  decomposition  of  the  acid  into  selenious 
oxide,  water,  and  oxygen.  The  concentrated  add  resembles  sulphuric  add  in  many  of 
its  properties.  It  is  very  hygroscopic,  and  its  admixture  with  water  is  attended  with 
considerable  rise  of  temperature.  The  strong  or  dilute  acid  boiled  with  hydrochloric 
add  elimiuates  chlorine,  and  is  reduced  to  selenious  add : 

H'SeO*  +   2Ha     -     Cl«  +  H*0  +  H»SeO«. 

On  the  other  hand,  it  resists  the  action  of  many  redudng  agents  which  decompose 
selenious  add.  Thus,  it  is  not  decomposed  by  sulphurous  or  sulphydric  acid,  and  its 
solution  dissolves  einc  and  iron,  with  simple  substitution  of  the  metal  for  hydrogen, 
not  with  precipitation  of  selenium,  as  is  the  case  with  selenious  acid  (p.  226).  The 
free  acid  predpitates  barium-sadtSf  even  in  presence  of  other  mineral  adds.    By  this 
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anhydride,  cryBtallisefl  with  7  at.  water  and  the  ioarm  of  ferrona  sulphate,  only  at  tern- 
peiHtures  a  httle  above  0°.  The  monoclinic  crystahi  thus  obtained  become  opaque, 
and  give  off  part  of  their  water  even  on  slight  rise  of  temperature  ;  and  at  temperatures 
not  much  above  5^,  the  salt  ciystallisee  with  only  6  at.  water,  and  in  the  form  of 
capric  sulphate.    (Wohlwill.) 

Selbkats  of  Lbad,  Pb''SeO*,  is  obtained  by  precipitating  selenate  of  sodium 
^th  nitrate  of  lead,  as  a  white  powder  insoluble  in  nitric  add.  Specific  gravity  « 
6*37  at  22^  (Schafarik).  This  salt  occurs  native,  with  selenide  of  lead  and  antimony, 
malachite,  &c.,  at  the  Friederichsgluck  mine,  near  Hildbuighausen,  and  at  Eisfeld,  in 
small,  brittle,  sulphur-yellow  spheres  and  botryoidal  masses,  cleaving  distinctly  in  one 
direction.  This  mineral  was  regarded  by  Eersten  (Pogg.  Ann.  zlvi.  277)  as  a  selenite 
of  lead ;  but  according  to  H.  Bose's  analysis,  it  is  a  selenate  of  lead  containing  a 
little  copper.    (Dana,  ii.  375.) 

Sblbnatb  of  Maokbsium,  Mg"S60^7H'0,  exactly  xesemblea  the  sulphate  in 
form  and  solubility. 

Sklbnatb  of  Niokbl,  Ni^SeO^dHH),  obtained  by  dissolving  the  carbonate  in 
selenic  acid,  forms  quadratic  crystals,  isomorphous  with  the  sulphate  c<mtaining  the  same 
quantity  of  water  (Mitscherlich).  According  to  v.  Hauer,  it  crystallises  finom 
neutral  solutions  by  spontaneous  evaporation  in  quadratic  pyramids,  which  give  off  4  at. 
water  at  100°,  but  cannot  be  completely  dehydrated  witnout  further  decomposition. 
A  mixture  of  this  salt  and  cupric  selenate  in  nearly  equivalent  quantities,  yields  crystals 
havinff  the  form  of  ferrous  sulphate.    (W ohlwill.) 

Nickel-potassium  SdenaUf  Ni^K'Se'O'.GHK),  forms  monoclinic  cirstals,  isemorphous 
with  the  corresponding  double  sulphate.  It  cannot  be  dehydrated  without  decompo- 
sition, but  gives  off  nearly  4  at  water  at  100°,  whereas  the  sulphate  remains  unaltered 
at  that  temperature.  [Kespecting  the  crystalline  form,  see  also  G.  v.  Kath  (Ppgg. 
Ann.  cxv.  487  ;  Jahresb.  1862,  p.  216)].  The  corresponding  double  salts  formed  by 
combination  of  the  selenates  of  cobalt,  map;nesium,  and  copper  with  the  selenates  of 
potassium  and  ammonium,  crystaUises  in  the  same  form,  are  permanent  in  the  air, 
more  soluble  than  the  oorresponding  double  sulphates,  and  cannot  be  completely  de- 
hydrated without  decomposition,    (v.  H  a  u  e  r.) 

Sblbnatbs  of  Potassium. — ^The  neutral  salit  K'SeO*,  is  prepared  bv  fusing 
selenium  or  selenite  of  potassium,  or  native  selenide  of  lead,  with  saltpetre,  dissolving  the 
Axsed  mass  in  hot  water,  and  leaving  the  concentrated  solution  to  crystallise.  The  excess 
of  nitrate  then  crystallises  out  first,  and  afterwards  the  selenate,  in  crystals  exactly 
resembline  the  neutral  sulphate.  It  defiagrates  on  glowins  coals  like  saltpetre,  and  is 
equally  soluble  in  hot  and  in  cold  water  (Mitscherlich). — ^The  acid  salt,  EHSeO^ 
exactly  resembles  the  acid  sulphate.    (Mitscherlich.) 

Sblbnatb  of  Silybb,  AifSeO^,  prepared  by  dissolving  silver  in  selenic  acid, 
agrees  with  the  sulphate  in  form  and  properties. 

Sblbnatb  of  Sodium,  Ka^SeO\  is  prepared  like  the  potassium-salt,  and  crys- 
tallises from  aqueous  solution  above  40^  in  anhydrous  crystals ;  at  lower  temperatures, 
or  by  spontaneous  evaporation,  in  crystals  containing  Na'SeOMOHH),  exactlv  re- 
sembling those  of  Glauber's  salt,  and  exhibiting^  like  the  latter,  a  maximnm  solubility 
at  about  33^.    (Mitscherlich.) 

Sblbnatb  of  Thallium,  Tl*SeO^  prepared  by  dissolving  the  metal  or  its 
carbonate  in  selenic  add,  crystallises  in  long,  white,  prismatic  needles,  isomorphous 
with  sulphate  of  potassium,  sparingly  soluble  in  cold  water,  insoluble  in  alcohol  and  in 
ether.  (Kuhlmann,  Bull  Soc  Chim.  1864,  L  330.~O«ttinger,  Zeitschr.  Ch. Pharm. 
1864,  p.  440.) 

Sblbnatb  of  Zinc,  Zn*Se0^7H*0,  is  isomorphous  with  the  sulphate.  Accord- 
ing to  Mitscherlich,  it  crystallises  also  with  2  at.  and  6  at.  water,  the  dehydrated  salt 
separating  at  temperatures  above  30^,  the  hex-hydrate  between  20°  and  15°.  The  solu- 
tion mixed  with  ferrous  sulphate  deposits,  according  to  Wohlwill,  crystals  having  the 
form  of  cupric  sulphate.  When  a  soluticm  of  sinc-selenate  is  mixed  with  cuprio 
selenate,  the  former  being  in  considerable  excess,  the  crystals  which  first  separate 
have  the  form  of  cuprio  s^phate ;  and  it  is  only  tJie  last  that  exhibit  the  quadratic 
form  of  zinc-selenate  (Wohlwill).— 5lF/«ifl<«  of  sine  and  thallium,  ZnTl*Se»0*.6HK), 
crystallises  in  monoclinic  prisms,  isomorphous  with  magne8io-]X)ta8sic  sulphate. 
(G.  Werther,  Bull.  Soc.  Chun.  1866,  i.  60.) 

BBXiBVZVX,  OaCTCB&OBZBB  OV.  SeCl-0  »  Sea^.SeO*.  SclenacichioHd. 
(R.  Weber,  Pog^.  Ann.  cviii.  616.) — ^Produced  by  distilling  tetrachloride  of  selenium 
over  selenious  oxide  gently  heated  in  a  sealed  tube :  also  in  the  decomposition  of  the 
tetrachloride  by  a  small  quantity  of  water,  and  is  therefore  always  present  in  the  liquid 
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■cales,  more  stable  than  the  sulphate,  slightly  soluble  in  water  and  in  alcohol,  and 
crystallising  therefrom  without  alteration. 

The  oxalate  is  a  white  crystalline  powder,  slightly  soluble  in  water,  still  less  soluble 
in  alcohol  and  in  ether.  A  solution  prepared  at  the  boiling  heat  deposits  it  on  cooling, 
in  shining  scales. — The  tartrate  crystallises^in  radiate  groups  of  slender  needles,  mode- 
rately soluble  in  water  and  in  alcohol,  less  soluble  in  ether.  It  decomposea  in 
solution,  but  is  more  permanent  in  the  dry  state. 

A  variety  of  opal,  translucent  at  the  edges  only  (iv.  204). 

The  monometric  variety  of  antimonious  oxide,  Sb*0*(i.  323), 
occurring  at  Sensa,  in  the  province  of  Constantino,  Algeria,  and  at  Pernec^  near 
Malackza  in  Hungary,  in  regular  unmodified  octahedrons,  and  in  masses  with  granular 
Btructuro.  Hardness  =  2  to  2*5.  Specific  gravity  =  5'22  to  5*3.  It  has  a  greyish  or 
yellowish  colour,  and  resinous  lustre  inclining  to  subadamantine ;  transparent  to 
translucent. 

8BWBCA  OZ&.  American  petroleum,  so  called  because  it  was  collected  and  sold 
by  the  Seneca  Indians. 

BSlTBCMLXi  OVBC    See  Gum  (IL  9H). 

IQXta  or  BBVBGimr.     See  Saponin  (p.  193). 

A  purgative  drug  consisting  of  the  leaves  of  Cassia  acidifoliq^  a  shrub 
indigenous  in  Egypt,  Nubia,  Arabia,  and  India,  and  Cassia  obovata^  indigenous  in 
Egypt,  Tripoli,  and  Syria.  It  has  been  examined  by  several  chemists,  chiefly  with 
the  view  of  extracting  the  active  principle,  but  the  results  are  by  no  means  accordant. 
Lassaigne  and  Feneulle(J.  Fharm.  x.  68)  attribute  the  purgative  action  to  a  bitter 
imcrystaUisable  substance,  soluble  in  water  and  alcohol,  insoluble  in  ether,  which  they 
denominate  cathartin  (i.  817).  Bley  and  Diesel  (Arch.  Pharm.  [2]  Iv.  257\  ob- 
tained from  senna-leaves  a  similar  substance,  together  with  a  yellow  resin,  chry  so- 
re tin  (i.  960),  soluble  in  ether,  and  resembling  chrysophanic  acid,  probably  a  mixture 
of  that  acid  with  other  substances.  According  to  Martins  {MofwgraphU  der  Sennes- 
hldtter,  Leipzig,  1857),  senna  contains  chrysophanic  acid  (i.  258)  together  with  two 
brown  substances,  similar  to  or  identical  with  the  aporetin  and  phseoretin  of  rhubarb  ; 
also  maigarin  ;  he  regards  the  chrysophanic  acid  as  the  active  principle.  Sawicki, 
on  the  other  hand  {Dissertatio  inauguraliSf  Dorpati,  1857),  doubts  the  correctness  of 
this  view,  inasmuch  as  the  purgative  principle  of  senna  is  extracted  by  water  much 
more  easily  than  by  alcohol,  whereas  chrysophanic  acid  is  nearly  insoluble  in  water,  but 
dissolves  in  alcohol,  by  which  indeed  it  is  extracted  from  rhubarb.  W  i  g  g  e  r  s  endeavours 
to  explain  this  contradiction  by  supposing  that  the  chrysophanic  acid  in  senna  is  for 
the  most  part  combined  with  bases,  and  in  that  state  insoluble  in  alcohol,  whereas  in 
rhubarb  it  exists  chiefly  in  the  free  state. 

Martins  found  in  senna-leaves  from  Cassia  acutifolia  from  9  to  12  per  cent,  of  ash. 
The  composition  of  the  ash  in  100  pts.  is,  according  to  Martins  (a  and  b)  and 
Schreiber  (c),  as  follows : — 

Sand  and 
K«0   Na«0  MgO    CaO  Fe'"PO<  P«0»    SIO*    CI       SO>    CO«     charcoal. 
Alexandrian  (a)    16-68  108  746  36-92  0-82     .  .      200  0-36  295  24*75    697 
East       Uh)    11-20  850  610  3628  5-70     .  .      406  070  352  2110    369 
Indian      {{c)    13*47  1*24  0*85  35*36  1*50  3*82  14*49  3*81  1*45  23*57 

tfBPBSBZVBv  or  BBFXRm.    Syn.  with  Sifkebikb. 

88PIA*  A  dark-brown  pigment  prepared  from  a  black  juice,  which  is  secreted  by 
certain  glands  of  the  cuttle-fish  (Sepia  officinalis^  Sepia  Lolipo,  &c.),  and  ejected  by  the 
animal  to  darken  the  water  when  it  is  pursued.  One  part  of  the  juice  is  capable  of 
making  1000  parts  of  water  nearly  opaque.  The  juice,  when  dried,  yields  a  black 
mass,  which,  according  to  Front,  consists  of  78  per  cent,  black  pigment  or 
melanin,  10*40  calcium-carbonate,  7*00  magnesium-carbonate,  2*16  alkaline  sulphates 
and  chlorides,  and  0*84  mucus.  The  black  pigment  may  be  isolated  by  boiling  the 
black  mass  successively  with  water,  hydrochloric  acid,  and  dilute  solution  of  am- 
monium-carbonate. It  is  a  black,  inodorous,  and  tasteless  substance,  quite  insoluble 
in  water,  alcohol,  and  ether,  but,  remaining  suspended  in  water  for  a  very  long  time, 
its  deposition  may,  however,  be  accelerated  by  addition  of  acids  or  sal-ammoniac. 
It  dissolvt^s  in  warm  caustic  potash  solution,  forming  a  dark-brown  solution,  from 
which  it  is  precipitated  by  sulphuric  and  hydrochloric  acid,  but  not  by  nitric  acid. 
It  dissolves  also  in  ammonia,  but  not  in  alkaline  carbonates. 

The  pigment  ia  prepared  by  saturating  the  dried  native  sepia  with  a  little  caustic 
lye,  then  adding  more  lye,  boiling  the  liouid  for  half  an  hour,  filtering,  j^recipitating 
with  an  acid,  washing  the  precipitate,  and  drying  it  at  a  gentle  heat  It  is  of  a  daik- 
brown  colour  and  fine  grain. 


236  SEEPENTAEDJ— SEEPENTINE. 

ma;  be  readilj  diaaolrsd  in  water  ;  or  by  dilatjng  the  flnid  witli  fi  or  10  tlmw  its  bulk 
of  water,  and  nlbn'  paBaing  carbotuc  aohjdride  (hroiuh  it,  or  cantionalj  adding  a  few 
drops  of  dilute  acetic  add,  rallecting  tJiK  procipitate,  and  diHolring  it  in  a  dilate  BoIntioD 
of  a  DBDtml  alkaline  salt,  or  b;  the  Hid  uf  a  few  dropa  of  ao  extremelj  dilute  Mtlotion 
of  cauatic  alkali.  Seronl  fluid,  iihea  freed  bj  flltntioa  from  flbiin  (if  it  haa  been 
formed),  Hiithelial  scales,  &c.,  is  dear,  slightly  fluorescent,  uf  a  yellow  or  golden 
col^nir,  and  distinctly  alkaline,  inth  a  apedflc  gran ty  varying  from  1-OOb  to  1-030.  It 
contains,  besides  tbe  flbrinary  elements,  albumin,  Situ,  ehalesterin  ^protagon?)  sngiir 
(or  an  unfnrmentable  sabatance  redudng  cnpric  salts),  area,  uric  acid,  and  frequently 
xaotbiiis.  According  to  Naunyn  (Arch.  AnaL  Phys.  186S,  p.  166),  creatine,  crm- 
tinine,  and  hippimG  acid  are  never  found  in  it.  The  inorganic  salta  ere  nearly  the  sama 
as  those  of  blood-serum.  In  serone  Buid  which  hod  become  purulent,  Nannyn  found 
leudne,  ^rtoeine  (guanine),  and  xanthine,  bat  no  urea  or  uric  odd.  In  1000  cc  of 
peritoneal  fluid  (nMJtes),  Planer  found  95^  ee.  free,  and  48'8  cc  combined,  carbonic 
anbfdiide,  21-0  cc.  nitrogco,  and  0-M  cc  oxygsn  (measured  at  0°  and  76  mm.}.  The 
following  table  shows  tbe  compoaition  of  serona  flnid  from  nrious  taoiiee*'.— 


Hoppe  (Schmidt,  A.  Archi.  Anat.  Phys.  1861,  p.  713)  estiniBted,  by  means  of  the 
poliirizalionBppanituB,lhepercent«5B  of  albumin  in  38  ca«<^  to  be  as  follows:— Hydro- 
cele :  mean  ot  17  caees  6-6;  pericardium;  mean  of  11  cases  2-0,  case  of  genenj 
dropsy  0-7,  case  of  typhus  40;  peritoneum:  mean  of  6  cHsra  1-3,  case  of  general 
dnipsy  0-2;  pleura:  hydrothomx  i-6,  pleviigj  iH.—Aqumiu  immour, -mbkb  maybe 
considered  as  a  seroas  fluid,  coaUins  globulin  (flbrinoplaatin)  and  urea.  The  Ifort 
contain  mucus  in  addition  lo  albumin,  and  ar«  remarkabls  for  Ihdr  laige  amount  of 
chloride  of  sodium.  U.  p, 

•MB^HMTAa^,  or  Arittolochin.   The  hitler  prindple  of  the  root  of  AritUlocliia 

KWKrtiM  TIM  m.     OphUf,   Oph'otiir:  including  Ficro/Ue,   Mamelile,   itelaxiU, 

Williamait^.  Boatnite,  ChrytolU,  SparUing  Aabettoi,  BattimoriU,  Antigortie.—A 
mineral,  coniilBtiii^  essentially  of  hydmtM  magnesium-silicHlf,  the  magnesium  being 
replaced,  to  a  variable  but  never  very  conaiderable  amount,  by  iron  (fprrosum). 

Serpentine  usually  oecurs  massive,  Bometimoa  forming  onlire  mountain  masses,  also 
granulouB,   impalpable,  fibroim,  or  foliated;  eometimsa  in  cryBtuls,  apparently  tri- 
^..^»  .  K„t  .!,»..  »^  „„.  ,n|g  cryataia  of  serprntine,  but  pBeudomorphs  after  chry- 
1   the  proportions  of  its  coostitucjita,   and  its   mode  of 
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locab'tiea  in  the  United  States  of  America.  Serpentine  occnm  in  crystals  at  Lake 
AuBchkal,  in  Miask,  BorsoTka,  &c.  Common  serpentine  occurs  at  Lizard's  Point  in 
Cornwall,  and  many  other  places. 

Serpentine  admits  of  a  high  polish,  may  be  turned  in  a  lathe,  and  is  used  for  making 
Tases,  boxes,  and  various  ornamental  articles;  it  may  also  be  made  available  as  a 
source  of  magnesia.     (Dana,  ii.  284.) 

IBSBTOB.     Ckiysota,    (See  the  last  article.) 

■OSIZTB.  Mixtures  of  serpentine  and  dolomite.  For 
these  and  similar  mixtures  of  serpentine  with  calcspar,  magnesite,  &c,  T.  S.  Hunt 
(J.  pr.  Chem.  Ixxiv.  160)  proposes  the  name  ophiolite,  distinguishing  them  as  cal- 
citic,  dolomitic,  magnetitic,  ophiolitic,  &c 

BMMPMM  TIM  ATSf  from  Reichenstein  in  Silesia,  appears  to  be  a  soft^  somewhat 
steatitic  alteration  of  serpentine. 

UMBMJLVU^A.  TZVOTOSZA.  SawtDort.  A  composite  plant  of  common  occur- 
rence, formerly  cultivated  for  its  yellow  dye,  which,  however,  is  now  seldom  used,  as  it 
is  inferior  to  weld. 

SSSUM  or  B&OOB.    See  Blood  (i.  608). 

BMBJJWK  OV  MTTiM.  Whey.  The  opalescent  liquid  containing  milk-sugar  and 
various  salts,  which  separates  when  milk  is  curdled  by  the  action  of  adds,  rennet,  &c. 

8BaAMa-OZ&«  A  fatty  oil  obtained  from  the  seeds  of  Seaamum  orieniaU,  a 
plant  indigenous  in  India,  and  cultivated  in  other  warm  countries.  According  to  Lefort, 
It  has  the  composition  C'*H'*0^  and  forms  with  bromine  and  chlorine  the  substitu- 
tion-products C'»H"BrO«  and  C'*H"C10».  It  is  a  non-drying  oil,  of  yellowish  colour, 
inodorous,  and  having  a  slight  taste  of  hemp.  Specific  gravity  =  0*9230  at  15°, 
diminishing,  with  rise  of  temperature,  by  0-00076  for  each  degree  centigrade.  At  —  6** 
it  solidifies  to  the  consistence  of  palm-oil.  It  is  used  for  burning  in  lamps,  for  soap- 
making,  and  for  adulterating  olive-oil ;  in  India  as  an  article  of  food. 

SBB&BRZA  CIISltllJaBiL.  Blue  Moor  Grass, — This  grass,  growing  on  the  moun- 
tains of  England  and  Scotland,  contains,  according  to  C.  Sprengel  (J.  f.  techn. 
Chem.  r.  61)  in  100  pts.:  56  pts.  water,  10*1  matter  ^luble  in  water,  19*0  soluble  in 
dilute  potash,  0*8  wax  and  resin,  14*9  (?)  iron.  100  pts.  of  the  dried  plant  yield  6*67 
pts.  ash  (Sprengel\  4*6  pts.  (Hruschauer,  Ann.  Ch.  Pharm.  lix.  204).  The  ash 
contains  in  100  pts.,  after  deduction  of  carbonic  anhydride : 

K«       N««0      r«0^      MgO      APO>     re«0>  Mn»0>     SO«       P»0»     8  0«       NnO 
14-8      4-3      22-6      trace       25       1*2       0*6       5*6       37     44*8    trace  (Sprengel) 
9-2      8-8      17-2        6-4        .    .       6-9       .    .       6*9     16-5     27*3      3-8  (Hruschauer.) 


izon. 


Prefix,  denoting  one  and  a  half:  e.g,  Fe*0'  or  "FeO^^  sesquioxide  of 


An  argillaceous  mineral  from  Saint-Severe  in  France,  where  it 
occurs  in  masses  below  tertiary  gypsum.  It  contains,  according  to  Pelletier,  50  per 
cent,  silica,  22  alumina,  and  26  water,  and  appears  to  be  related  to  halloysite  and 
lenzin.  But  it  is  very  difi&cult  to  determine  whether  a  mineral  of  this  character  is  a 
distinct  species  or  a  mixture.  Another  mineral  from  Saint-Severe,  exactly  resembling 
seTerite  in  physical  characters,  was  found  by  v.  Hauer  to  contain  44*42  per  cent,  silica 
86*00  alumma,  18*4  water,  and  0*65  lime.     (Handw.  d.  Chenu  vii.  844.) 

8XXAWCIU&ZTB.  Breithaupt's  name  for  sulphide  of  leadi  occurring  at  Bemcastel 
in  hexagonal  forms,  as  a  psendomorph  after  pyromorphite.  (Jahresb.  1862,  p.  709 ; 
1863,  p.  796.) 

Syn.  with  CLnrroNrrB  (i.  1026). 

A  vegetable  &t  obtained  in  West  Africa  from  the  nuts  of 
Bassia  Parkii.  The  nuts  are  shelled,  and  the  kernels,  which  consist  almost  wholly  of  fat, 
are  boiled  with  water  and  pressed.  Shea-butter  is  greenish-white,  solid  at  common 
temperatures,  softens  at  35^,  melts  at  43^ ;  dissolves  for  the  most  part  in  boiling 
alcohol,  and  crystallises  on  cooling;  also  in  ether,  and  ciystallises  therefinom.  By 
aaponification  and  decomposition  of  the  soap,  it  yields  an  acid  which  separates  in 
pearly  scales,  melts  at  61*1^,  and  forms  a  silver-salt  containing 64*71  percent,  carbon, 
8*98  hydrogen,  2783  silver,  and  8*48  oxygen  (Thomson  and  Wood,  Phil.  Mag.  [3], 
zxxiv.  360).  According  to  Oudemanns  (J.  pr.  Chem.  bcxxix.  205),  it  yields  29*7 
per  cent,  oleic  acid,  70*3  stearic  add  (melting  at  69^),  but  no  palmitic  acid  or  any 
other  acid  of  the  series  CH*"0',  of  lower  atomic  weight.  Similar  results  have  been 
«bt»5"--"  1—  -^^il    ^Omelin*s  Handbook,  xvi  334.) 
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A  mineral  firom  the  palagonito-tufa  of  Iceland,  resembling 
obsidian  in  colour,  lustre,  and  fracture  :  specific  gravity  =  2-53 1.  It  differs  from  true 
palagonite  (iv.  324)  in  not  being  decomposible  by  hydrochloric  acid.  Contains  45*10 
per  cent,  silica,  13*73  alumina,  18*52  ferric  oxide,  8*10  lime,  3*21  magnesia,  2*33  soda, 
0*95  potash,  0*35  water,  and  6*52  residue  (—  98*81).  The  oxygen-ratio  in  the  pro- 
toxides, sesquioxidcs,  and  silica  is  1  :  3  :  6,  the  same  as  in  labraaorite.  (Sartorius 
T.  Waltershauson,  Vuikanitiche  Getteine,  p.  179.) 

Syn.  with  Abichttb. 


Breithaupt's  name  for  a  variety  of  mesitin-spar  (Mg  ;  Fe)" 
CO*,  found  at  Pohl  in  the  Saxon  Voigtland,  containing  2  at.  Fe^CO*  to  1  at.  Mg"CO«. 
Angle,  R  :  R  -  107®  6';  specific  gravity  -  3*616  to  3*660  (Breithaupt,  Sill.  Am.  J. 
[21  xxvi.  348).  It  is  also  found  at  Traversalla,  in  Piedmont,  and  at  Bohmsdorf,  near 
Scnleiz.  An  allied  mineral  from  Mitterberg  in  the  Tyrol  was  found  by  Kohn  to  con- 
tain 4  at.  Fe"CO»  to  1  at.  Mg'CO*.    ( Jahresb.  1858,  p.  733.) 


8ZBB&08B0&B.  A  name  applied  by  Breithaupt  to  a  variety  of  bole,  having 
a  higher  specific  gravity  ( »  3*24)  than  ordinary  bole,  which  he  attributes  to  the 
presence  of  a  Urger  proportion  of  iron. 

SZBSROBC^BZBO&Zra.  A  ferroso-ferrona  silicate,  occurring  at  Cong^onas  do 
Campo  in  Brazil,  in  hexagonal  crystals,  closely  resembling  cronstedtite  in  colour  and 
other  physical  characters,  and  in  its  behaviour  before  the  blowpipe.  The  analysis  of  a 
very  small  specimen  by  Wernekink  (Fogg.  Ann.  i.  387),  gave  16*3  per  cent,  silica, 
76*5  ferroso-femc  oxide,  4*1  alumina,  and  7'3  water  (■■  103*2). 

(B.    A  name  of  native  ferrous  carbonate. 


A  mineral  forming,  together  with  trinacrite,  a  brown  mass 
on  the  tu&  of  Tonnara,  at  Cape  Passaro,  the  southernmost  point  of  Sicily.  It  has 
not  been  isolated,  but,  by  calculation  from  the  composition  of  the  mixture,  it  appears  to 
contain  84*04  per  cent,  silica,  7*48  alumina,  48*54  ferric  oxide,  and  10*18  water. 
(Waltershauson,  Vuik,  Gesteine,  p.  234.) 

See  TuNTALiTB. 


A  method  of  producing  sun-pictures  by  means  of  ammonio- 
ferric  citrate.    Paper  impregnated  witn  this  salt  is  exposed  to  light  in  the  camera,  and 
the  picture  is  developed  with  a  neutral  solution  of  gold  or,  better,  of  silver.   (H  e  r  s  c  h  e  I, 
FhiL  Mag.  [3]  xxi.  225.) 

Red  tourmalin. 


Syn.  with  NicxKL-Lnof-KiTB  (iv.  44). 
Syn.  with  Stemitb. 
The  old  name  of  Selio^ 

SiO*.  Ojride  of  Silicium,  Silicic  Oxide,  Silicie  Ankjfdride,  Anhydrous 
SSUde  Acid  {Siiice,  Acide  silicique.  Kieselerde,  Kiesdsdure). — ^This  compound  occurs 
abundantly,  and  pure  or  nearly  pure,  in  quarts,  flint,  chalcedony,  homstone,  jasper, 
opal,  &c. ;  ciystaliine  in  quartz  and  its  vaneties ;  amorphous  in  opid  f  iv.  204  ;  v.  1).  It 
is  the  chief  constituent  of  aU  sandstones,  and  enters  liugely  into  tne  composition  of 
felspar  and  a  great  number  of  other  minerals. 
Silica  is  produced  artificially : 

1.  By  burning  silicium  in  the  air  or  in  ox^en  gas. 

2.  By  the  action  of  water  on  gaseous  fluon<&  of  silicium  : 

QiF*  +  2H«0  -  SiO«  +  4HF. 

The  silica  is  thereby  precipitated  as  a  gelatinous  hydrate,  which,  when  dried  and  ignited, 
leaves  pure  anhydrous  silica  in  the  form  of  an  extremely  fine  white  powder. 

8.  By  the  decomposition  of  alkaline  silicates. — ^Pure  pulverulent  silica  may  be  pre- 
pared by  fusing  ground  flint  with  about  three  times  its  weifi;ht  of  an  alkaline  carbonate, 
and  decomposing  the  resulting  compound  with  hydrochloric  acid.  A  good  mode  of 
operating  is  to  frise  a  mixturo  of  the  carbonates  of  potassium  and  sodium  id  equivalent 
proportions  at  a  red  heat,  and  add  ground  flint  or  quarts  to  the  melted  mass  by  small 
quantities  at  a  time,  each  addition  causing  a  brisk  effervescence,  due  to  the  escape  of 
carbonic  anhydride.  The  mixture  is  then  heated  stronffly  for  some  minutes,  and,  after 
cooling,  treated  with  dilute  hydrochloric  add,  which  aecomposes  it  completely.  On 
evaporating  the  liquid,  the  silica  is  separated  as  a  gelatinous  hydrate,  which,  on  con- 
tinuing the  heat,  is  ultimately  converted  into  a  white  earthy  powder,  consisting  of 
aii>fMlflw«iM  «lioa.    It  must  then  be  digested  with  oil  of  vitriol,  to  romove  any  traces  of 
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givea  tip  water  even  in  closed  vessels.  The  cottg:Tilation  is  retarded  by  hydrochloric 
acid,  and  by  smaill  quantities  of  caustic  potash  or  soda.  Sulphuric,  nitric,  and  acetic 
acids  are  without  action  on  the  solution,  but  it  is  slowly  coapulated  by  a  few  bubbles 
of  carbonic  acid.  Its  coagulation  is  also  effected  in  a  few  minutes  by  the  addition  of 
T5^  part  of  any  alkaline  or  earthy  carbonate  in  solution,  but  not  by  caustic  ammonia, 
or  l^  its  salts,  either  neutral  or  acid.  Alcohol,  sugar,  gum,  and  caramel  are  without 
action  on  it,  but  solutions  of  gelatin,  sohible  alumina,  and  soluble  ferric  oxide  (iii.  717) 
immediately  cause  a  gelatinous  precipitate :  when  solution  of  silica  is  gradually  added 
to  solution  of  gelatin  in  excess,  the  precipitate  formed  consists  of  100  pts.  silica  and 
92  pts.  gflatin. 

The  solution,  evaporated  at  16-6°  in  a  vacuum,  leaves  the  silica  in  the  form  of  a 
transparent,  glassy,  very  lustrous  hydrate,  containing,  after  two  days*  exposure  over 
oil  of  vitriol,  21*99  per  cent,  water,  which  agrees  nearly  with  the  formula  ll^O.SiO'  or 
H«SiO». 

Other  hydrates  of  silica  have  also  been  obtained,  but  it  is  difficult  to  fix  their  com- 
position exactly,  as  silica  easily  loses  a  portion  of  its  water,  even  at  low  temperatures, 
and  is  moreover  very  hygroscopic.  Ebelmen  (Ann. Ch.  Phys.  [3]  xvi.  129),  bv  the 
action  of  moist  air  upon  silicic  ether,  obtained  a  transparent  glassy  hydrate,  containing 
8HH)  2SiO*.  Doveri  (ibid.nxi.  40),  by  drying  ordinary  gelatinous  silica  in  vacuo 
over  oil  of  vitriol  at  ordinary  temperatures,  obtained  a  hydrate,  which  had  the  compo- 
sition 2H«0.3SiO«,  and  cave  off  half  its  water  at  100°.  Fuchs  (Ann.  Ch.  Pharm. 
Ixxxii.  119),  by  drying  gelatinous  silica  (prepared  by  passing  gaseous  fluoride  of  silicium 
into  water)  over  oil  of  vitriol  for  30  days,  obtained  the  hydrate  H*0.3SiO*,  containing 
9*1  to  9*6  per  cent,  water  ;  and  by  drying  it  at  100°  for  18  days  he  obtained  another 
hydrate  containing  66  to  67  per  cent,  water,  agreeing  with  the  formula  H*0.4SiO'. 

A  very  white  and  light  hydrate  of  silica  occurs  abundantly  in  certain  beds  situated 
at  the  base  of  the  chalk-formation,  between  the  upper  greensand  and  the  ganlt.  The 
proportion  of  hydrated  silica  in  the^e  deposits  varies  greatly,  ranging  from  5  to  as  much 
as  72  per  cent.,  and  being  most  abundant  in  the  upper  portion  of  the  deposit. 

SZXiZCATSS,  AJbCOBO&ZG.     See  Silicic  Etukrs. 

8ZX1ZCATB8,  BISTAZ&ZC*  These  salts  occur  abundantly  as  natural  minerals, 
constituting  in  fact  the  greater  part  of  the  earth's  crust.  Many  silicates  may  also  be 
produced  artificially,  by  fusing  silica  with  metallic  oxides,  or  with  carbonates,  sul- 
phates, and  other  salts  containing  volatile  acids.  Some  of  the  producta  thus  obtained 
are  exactly  similar,  in  crystalline  form  and  other  characters,  to  natural  minerals  of  the 
same  composition.  Some  silicates,  as  those  of  potassium  and  sodium,  are  exclusively 
artificial  products.  (On  the  artificial  formation  of  silicates,  see  Lefort,  J.  Pharm. 
[3],  xxxix.  110  ;  Jahresb.  1861,  p.  205.  H.  Devil le,  Compt  rend.  liv.  324;  Jahresb. 
1862,  p.  138.     B.  V.  Ammon,  Jahresb.  1862,  p.  138). 

The  silicates  exhibit  great  diversity  of  composition.  Those  which  occur  as  natural 
minerals  contain  proportions  of  metallic  oxide  and  silica,  included  between  the  follow- 
ing  limits: 

a.  For  silicates  containing  only  mon- >     4M*0  /Q-^t     r.A      M*^(oQ;n« 
atomic  and  diatomic  metals  { or  4M''0  ( ^*^    *°^  or  M'O  { ^^*"  * 

fi.  For  silicates  containing  triatomic  metals:  2R*0«.Si0*,  and  RK)«.6SiO«. 

Some  of  the  artificial  silicates  contain  larger  proportions  of  acid ;  thus  by  fusing 
silica  with  the  carbonates  of  potassium  and  sodium  in  the  proper  proportions,  tetra- 
silicates.  R^0.4SiO'  and  Na*0.4SiO',  are  produced ;  potash  is  also  said  to  form  an 
octONilieate,  EK).8SiO'. 

The  following  table  exhibits  the  composition  of  the  several  groups  of  natural  sili- 
cates, together  with  the  ratios  of  the  quantities  of  oxysen  contained  in  the  base  and 
acid  (SiO')  in  each  case.  The  symbol  M  in  the  table  denotes  1  monatomic  metal :  the 
substitution  of  equivalent  quantities  of  diatomic  and  triatomic  metals  is  easily  made, 
the  formula  in  the  latter  case  sometimes  requiring  to  be  multiplied  by  three : — 
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Cumposiiion  of  Natural  Silicates, 


Nane  of  Group.* 


I0x3r|?pn< 

rMtiu 

M»0! 


Hcxbasic 
Tetrabasic :  te- ) 
Urtofiilicatcsj 

^silicates 

^-silicates 
Triba8ic:trito-> 
silicates        ) 

{-silicates 

f-silicates 

Dibasic:  hem  i'l 
silicates,  or  > 
Orthosilicates) 

^silicates 

f-silicHtes 

l-silicates 


|-silicates 

f-silicates 

Monosiiicatcs,  \ 
or  Meta-  C 
silicates        ) 


Formiila.f 


1  :  J     6M-O.SiO» 


^silicates 


^-silicates 
f-silicates 

Sesquisilicates 


Disilicates,  or 
Bisilicates 


1:J 
«:| 

1:} 

1    •    ^ 

1  :  1 


1:4 
l:U 


l:li 


I  :2 


1:2J 


-  M^SiO* 
»  M»SiO« 


4M«O.SiO« 

7M«0.2SiO«   =M"Si-0" 


10^rO.3SiO' 
3M«O.SiO« 

SM'O.aSiO' 
6M'0.2SiO« 


=  M».Si»0'* 

-  M«SiO* 

«  M'»Si»0'* 

-  M'«Si»0» 


Example!. 


2M*O.SiO»      =  M^SiO* 


16>P0.9SiO* 
6M«0.3SiO 


M«Si»0»* 
M'»Si»0" 


8M«0.5SiO«    =M'«Si*0'» 


3M*0.2SiO»    «M«Si«0' 


4M»0.3SiO» 
M«0».SiO« 


-  M'Si'O"' 
M»SiO« 


8M«0.9SiO«  -r  M««Si»0« 


4M«0.6SiO« 
6M«0.6SiO« 


1:2| 
l:2f 

1:31 2M»0.3SiO*  =  M*Si>0« 


M"Si»0>« 
M'«Si«0" 


1  :4 


M«0.2SiO^ 


M=Si-0^ 


Collyrite  2Al*0«.SiO«  =  Al'SiO' 
jStaurolite  (St.  Gotbard) 
}     (SAr.JFo'")»Si'0  • 
Margarite 
Ca";Mg-;K«;Na»(^.,^„  . 

Thuringite  (Fe«Al^)Si«0'« 
Cjanite ;  Andalusite  Al'SiO* 

Chondrodite  M^Si"0»« 

Eudase  (GM«;Si«0»  +  aq. 

Fayalite  Fe«SiO* 
Olivine  (Mg''Fe'')SiO« 

Garnet  (CS"Ap)Si»0'* 

Nepheline  (Na»Ai»)Si''0" 

Prehnito  (Ci«Al«)Si«0" 

Barsowite  (Ci»Ai«)Si*0'» 
|Dichroite(^^l,?j«P^.,^,(Si»0'- 

Serpentine  Mg*Si*0'  +  2  aq. 

Degeroite  fe^Si'O' 

Scolecite  (Ca"AT^)Si'0'» 

JWoUastoniteCa'SiO* 
J  Diopside  (Ca ;  Mg/SiO» 

f  Oligoclase 

4  (Ca'';Mg'';K*;  Nu«)* 

^  Al* 

Talc  Mg*Si»0'*  -^  |  aq. 

Pectolire  (Na*Ca*  Si-'O" 
(Orthoclrtse  (KAl'/Si'O' 

(Stilbite(CH"A>)Si«0'«  +  6  aq. 

Okenite  Ca-Si'O*  +  2  aq. 
I  Beaumontite 

I  (Ca''Ar«)Si»0»  4  6  aq. 

IPetalite  [(Li ;  Na)«A>lSi»»0'» 


>  Si'O^ 


*  Silicatea  are  sometimfs  distinguished  br  names  which  express  dircctlr  thfl  nxfiren-ratin  in  the 
l»a«e  and  acid,  the  ratio  1 :  1  giving  SinguloriUcate$,  1  ;  2  I>t'$ilicate$.  1  : 3  Triiilicate»»  I  :  4  Quadro- 
Miticalei,  Ac. 

t  To  conTert  the  formulK  in  thii  Uble  into  the  older  formultt  in  which  silica  is  reg;trdod  as  a  trioxide, 

Gios,  multiply  the  entire  foiroula  by  8,  correct  the  silica  term  by  the  equation  ISiO-  s  §  ^tO^.  and 
reduce  the  whole  to  its  lowest  terms:  tff.-3M<O.StOS  =  XM^O.^io^;  M«O.SiOS  =r  3M-'0.2@i()'  ; 
SBr0.3Si03  IB  M<0.@i(P.  CooTersely,  to  change  formulse  containing  @io*  into  thou-  cnni>.ini<T 
SiOS,  diTide  by  3,  and  correct  for  l&W  »  |  SiO«. 

S  2 
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The  dibasic  silicates  in  which  the  oxygon-ratio  is  1  :  1,  are  regarded  as  normal  or 
crthosilicates,  and  from  these  the  mono-  or  metanilicatps  may  be  derived  by  abstraction 
of  1  at  M'O.  These  two  groups,  together  with  the  scsquisilicates  (2  :  3),  include  the 
most  numerous  and  important  of  the  natural  silicates.  Many  of  the  ordinary  varirties 
of  gliiss  may  be  approximately  represented  by  mixtures  of  silicates  of  potassium, 
sodium,  calcium,  &c.  belonging  to  the  group  of  disilicat«s. 

Hydrated  silicates  may  be  referred  to  one  or  other  of  the  preceding  groups,  accord- 
ing OS  more  or  less  of  their  water  is  regarded  as  basic:  thus  dioptase  may  be 
formulated  either  as  a  hemisilirate,  Cu"H^SiO*,  or  as  a  hydrated  monosilicate, 
Cu"SiO*.H'0.  In  like  manner  okonite,  represented  in  the  above  table  as  a  hydrated 
disilicate,  Ca"Si«0*.H«0.  may  also  be  formulated  as  a  monosilicate,  (Ca"H«)Si^O«. 

Most  silicates  are  fusible,  and  their  fusibility  is  increased  by  mixture  with 
each  ether :  those  which  contain  readily  fusible  oxides  melt  at  the  lowest  temperatures, 
and  in  general  the  most  easily  fusible  silicates  are  those  which  contain  the  largest 
proportion  of  base. 

All  silicates  are  insoluble  in  water,  excepting  the  silicates  of  the  alkali-metals,  which 
dissolve  with  greater  facility  in  proportion  as  they  contain  a  larger  quantity  of  base. 

Some  silicates  are  entirely  decomposed  when  pulverised  and  treated  with  hydro- 
chloric or  nitric  acid,  the  bases  being  dissolved  and  the  silica  being  sometimes 
separated  in  a  pulverulent  or  gelatinous  form,  sometimes  dissolved  either  wholly  or  in 
part,  the  solution  then  yielding  a  jelly  on  evaporation.  Sulphuric  acid  diluted  with 
a  small  quantity  of  water,  likewise  decomposes  the  greater  number  of  silicates  when 
reduced  to  powder.  Some  silicates,  on  the  contrary,  resist  the  action  of  all  acids 
except  the  hydrofluoric  In  general  silicates  are  more  easily  decomposed  by  acids ; 
the  stronger  the  bases  contained  in  them,  the  less  the  silica  predominates,  and  the 
larger  the  proportion  of  water  present:  on  this  account  many  silicates  containing 
water — zeolites  for  example— lose  their  solubility  in  hydrochloric  acid  after  ignition. 
All  silicates  without  exception  become  soluble  in  dilute  hydrochloric  or  nitnc  acid : 
after  fusion  with  from  3  to  5  times  their  weight  of  hydrate  or  carbonate  of  potassium 
or  sodium,  or  with  carbonate  of  barium,  strontium,  or  calcium,  or  with  oxide  of  lead ; 
thev  bwomo  completely  disintegrated,  and  the  solution  yields  on  evaporation,  first  a  jelly 
an<i  thon  a  dry  residue,  of  which  the  part  which  is  insoluble  in  hot  hydrochloric  acid 
exhibits  the  cnaracters  of  silica.  Andalusite,  cyanite,  staurolite,  and  zircon,  require  a 
full  white  heat  to  disintegrate  them  perfectly  with  an  alkaline  carbonate,  and  are 
more  readily  acted  on  by  hydrate  of  potassium.  From  the  native  silicates,  whether 
simple  or  double,  which  contain  potash,  soda,  or  lithia,  the  alkali  may  be  separated 
by  igniting  them  with  lime,  and  treating  the  ignited  mass  with  water.  With  many, 
however,  as  in  the  case  of  nepheline,  leucite,  natrolite,  analcime,  and  chabasite,  it  is 
sufficient  even  to  ignite  them  by  themselves,  and  afterwards  boil  them  in  a  finely 
divided  state,  with  milk  of  lime,  or  to  digest  them  with  it  for  a  longer  time  in  the 
cold.  Clays  treated  in  this  manner  likewise  give  up  to  water  the  small  proportion  of 
potash  or  soda  which  they  contain ;  and  if  they  happen  to  bo  rich  in  carbonate  of 
calcium,  they  merely  require  to  be  digested  in  water  after  ignition.  Volcanic  rocks, 
such  as  phonolitic  lava,  give  up  the  potash  or  soda  they  contain  by  digestion  with 
milk  of  lime,  even  without  previous  ignition. 

Silicates  heated  with  fluor-spar  and  oil  of  vitriol  in  a  platinum  vessel,  evolve 
gaseous  fluoride  of  silicon,  which,  when  the  yessel  is  covered  with  moistened  felt, 
deposits  upon  it  white  flakes  of  hydrate  of  silica. — The  same  gas  is  evolved,  with 
eiTervescence,  when  a  silicate  in  the  state  of  powder  is  immersed  in  a  strong  solution 
of  hydrofluoric  acid.  Microcoamic  salt  in  the  bbwpipe-flame  withdraws  the  base  £rom 
the  silicates,  and  sets  the  silicic  acid  free.  The  product  is  a  translucent,  blistered 
mass.  When  a  small  quantity  only  of  the  microcosmic  salt  ia  used,  the  mass  diffuses 
itself  through  the  silicious  crust ;  when  the  quantity  of  flux  is  larger,  the  silica  floats 
in  the  fused  bead.  When  only  a  small  quantity  of  silica  is  present,  the  glass  is  clear 
while  fused,  but  becomes  turbid  on  cooling ;  with  still  less  silica  however  it  remains 
transparent  (Berzelius). — Silicates  heated  with  carbonate  of  sodium  before  the 
blowpipe,  expel  the  carbonic  acid  with  eflfervescence.  The  silicates  of  the  alkali-metals 
and  of  most  of  the  heavy  metals  yield  a  transparent  glass  ;  those  of  the  earth-metals 
yield  sometimes  a  clear  and  sometimes  a  turbid  glass,  according  to  the  proportions  of 
silica  and  of  base.  If  the  silica  contains  at  least  twice  as  much  oxygen  as  the  earthy 
base,  the  latter  is  dissolved  in  the  glass  by  the  agency  of  the  silica,  and  the  glass 
remains  clear.  If  the  compound  contains  less  silica,  it  yields  a  clear  glass  with  a 
comparatively  small  proportion  of  sodic  carbonate ;  but  with  a  larger  proportion,  it 
forms  a  turbid  glass,  and  with  a  still  larger  quantity  an  infusible  slag;  for  me  greater 
the  amount  of  soda,  the  greater  also  is  the  quantity  of  the  earthy  base  which  is  separated 
by  its  action.     (Berzelius.) 
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has  been  complete  ;  in  the  contrary  case  a  residue  is  left,  which  must  be  again  treated 
with  fluoride  of  ammonium.  Nearly  all  silicates  yield  to  this  treatment ;  zircon, 
however,  is  not  completely  decomposed  by  it,  and  must  be  treated  with  carbonate  and 
hydrate  of  sodium  as  above  described.  (H.  Rose,  TraiU  de  Chimie  a7mlytique/n.  867.) 

Kiftimation  of  Water  and  other  volatile  substances  in  Silicates. — The  water  in  most 
hydrated  silicates  is  easily  estimated  by  heating  the  pulverised  mineral  to  redness  in  a 
platinum  crucible,  the  whole  of  the  water  being  then  driven  off  without  any  further 
alteration  of  the  silicate.  Some  silicates,  however,  euclase  and  idocrasie  for  example, 
retain  their  water  with  great  force,  parting  with  it  only  at  very  high  temperatures.  In 
such  cases  it  is  best  to  expose  the  mineral  to  an  intense  heat  in  a  current  of  pure  and 
dry  air.  Idocrase  gives  up  its  water  only  when  heated  nearly  to  its  melting-point,  and 
at  the  same  time  evolves  a  small  quantity  of  carbonic  acid,  sufficient  to  produce  a  consi- 
derable cloud  in  baryta- water,  but  not  large  enough  for  quantitative  estimation.  Some 
silicates  contain  small  quantities  of  organic  matter  as  well  as  water,  and  when  strongly 
heated  in  a  current  of  hydrogen,  give  off  water  containing  empyreumatie  products  and 
ammonia :  this  is  e^peciallv  the  case  with  pitehstone.  The  quantity  of  carbon  may  be 
determined  by  ignition  with  oxide  of  copper,  as  in  organic  analysis,  and  the  amount  of 
hydrogen  at  the  same  time,  if  the  mineral  does  not  also  contain  water  ready  formed; 
but  if  water  is  also  present,  and  is  given  off  only  at  the  same  temperature  as  the 
organic  matter,  the  determination  becomes  very  difficult.  The  emerald  contains  water 
and  likewitue  a  small  quantity  of  organic  matter,  to  which  its  colour  is  due. 

In  some  silicates  there  are  other  constituents  to  be  estimated  besides  water,  silica, 
and  metallic  bases.  Thus  datholite  and  botryolite  contain  boric  acid;  tourmaline 
contains  boric  acid  and  fluorine;  sodalite  and  ittnerite  contain  chlorine;  cancrinite 
contains  carbonic  acid  ;  haiiyne  and  ultramarine  contain  chlorine  and  sulphur ;  many 
silicates  contain  fluorine  and  phosphoric  acid ;  titanic  acid  also  is  of  frequent  occur- 
rence in  silicates. 

1.  Boric  acid. — The  methods  of  analysing  borosilicates  have  been  already  given  under 
Boron  (i.  631). 

2.  Chlorine. — Most  silicates  containing  chlorine  are  easily  decomposed  by  acids.  To 
analyse  them  they  are  treated  with  cold  nitric  acid  of  specific  gravity  1*2,  which  either 
dissolves  them  completely  or  separates  a  portion  of  the  silica  in  the  gelatinous  form  ; 
in  the  latter  case  more  water  must  be  added,  and  the  liquid  left  at  rest  till  the  separated 
silica  has  settled  down.  The  clear  solution  is  then  treated  with  nitrate  of  silver,  the 
precipitated  chloride  of  silver  is  left  to  settle  down  in  a  cool  place,  then  collected  on  a 
filter,  and  treated  in  the  usual  way  (i.  904).  The  excess  of  silver  is  precipitated 
by  hydrochloric  acid,  the  filtrate  evaporated  to  dryness  to  separate  the  silica,  and  the 
analysis  complete<l  in  the  same  way  as  for  other  silicates.  Pyrosmalite,  which  contains 
chlorine,  is  not  easily  decomposed  by  acids :  ita  decomposition  may  however  be  effected 
by  digesting  it  for  several  days  with  dilute  nitric  acid,  at  a  moderate  heat,  the  flask 
being  corked  to  prevent  escape  of  chlorine;  or,  better  perhaps,  by  fusion  with  an 
alkal  ine  carbonate.     (  H.  Rose.) 

3.  Fluorine. — A  great  number  of  silicates  contain  fluorine,  though  oflen  only  in 
small  quantity.  Such  silicates  which,  for  the  most  part,  are  not  decomposed,  or  only 
incompletely  decomposed  by  acidn,  are  analysed  by  fusing  them  with  four  times  their 
weight  of  alkaline  carbonate,  and  boiling  the  fused  mass  with  water.  The  whole  of 
the  fluorine  then  dissolves  in  the  form  of  alkaline  fluoride,  U^ether  with  a  certain 
portion  of  the  silica  and  alumina  in  the  mineral.  The  insoluble  matter  is  collected  on 
a  filter  and  washed,  first  with  pure  water,  then  with  water  containing  carbonate  of 
ammonium.  To  separate  the  silica  dissolved  in  the  alkaline  filtrate,  the  liquid  is  mixed 
with  an  alkaline  solution  of  zinc-carbonate,  which  is  added  as  long  as  a  precipitate 
continues  to  form ;  then  evaporated  to  dryness,  and  the  dried  mass  treated  with  water, 
which  leaves  the  whole  of  the  silica  undissolved,  together  with  oxide  of  zinc.  The 
insoluble  residue  is  then  to  be  treated  with  nitric  acid,  the  silica  separated  by  evapo- 
ration to  dryness,  &c.,  and  weighed.  The  liquid  filtered  from  the  silicate  of  zinc 
contains  the  whole  of  the  fiuorine,  as  fluoride  of  sodium.  The  fluorine  is  precipitated 
from  it  by  chloride  of  calcium,  and  estimated  as  fluoride  of  calcium  (ii.  674). — The 
insoluble  residue  left  on  treating  the  original  fused  mass  with  waier,  contains  the 
greater  part  of  the  silica,  together  with  the  bases.  It  is  treated  with  hydrochloric 
acid,  the  silica  separated,  and  the  bases  determined  in  the  usual  way,  the  silica  thus 
obtained  being  of  course  added  to  the  quantity  precipitated  by  the  zinc-solution.  (H. 
Rose,  Tratti  de  Chimie analytique^  ii.  890.) 

4.  Phosphoric  acid. — When  silicates  containing  phosphates  are  decomposed  either 
by  acids,  or  fusion  with  alkaline  carbonates  and  subsequent  treatment  with  hydro- 
cnloric  acid,  the  whole  of  the  phosphoric  acid  is  found  in  the  acid  liquor,  and  may  be 
separated  from  the  bases  and  estimated  by  the  methods  already  given  (iv.  646). 

When  phosphoric  acid  and   fluorine  occur  together  in  a  silicate  which  is  easily 
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a  quADtity  of  hydrochloric  acid  added  sufficieDt  to  give  it  a  strong  acid  reaction,  no 
precipitate  is  formwl,  but  the  whole  of  the  silica  remainK  dissolv^-d. 

Alkaline  silicates  containing  a  larger  proportion  of  silica,  but  still  with  a  sufficient 
quantity  of  alkali  to  make  them  completely  soluble  in  water,  are  denominated  **  water- 
glass."  These  salts  are  prepared  on  the  mannfacturiug  scale,  and  applied  to  seyeral 
pitfpoaes  in  the  arts. 

Fnch  8  of  Munich,  who  first  proposed  them  for  economical  use,  adopts  the  following 
processes: — 

1.  To  prepare  potash  water-glass,  a  mixture  of  15  pts.  pulverised  quartz  or 
sand,  10  pts.  of  well  purified  pearlash,  and  1  pt.  of  powdered  charcoal,  is  ignited  for 
five  or  six  hours  at  a  temperature  equal  tothatrequind  tomeltcommon  glass.  The  pro- 
portions of  silica  and  alkali  used  are  about  sufficient  to  form  a  tetrasilicate,  K*0.4SiO*, 
allowing  for  impurities  in  the  pearlash.  The  use  of  the  charcoal  is  to  facilitate  the 
decomposition  of  the  alkaline  carbonate,  and  decompose  any  sulphuric  acid  that  may 
be  present.  The  fused  mass  is  then  left  to  cool,  pulverised,  and  boiled  with  5  times 
its  weight  of  water  in  an  iron  pot  for  three  or  four  hours,  the  water  being  renewed  as 
it  evaporates.  After  the  whole  is  dissolved,  the  boiling  is  continued,  so  as  to  concen- 
trate the  solution  to  a  specific  gravity  of  1*24  to  1'26.  In  this  state  it  is  sufficiently 
liquid  to  bo  used  in  many  operations,  but  in  some  cases  it  requires  to  be  diluted  and 
in  others  to  be  evaporated  to  a  S3rrupy  consistence.  If  it  contains  any  sulphide  of 
potaMsium  (arising  from  decomposition  of  the  sulphate  by  the  charcoal),  a  small  quan- 
tity of  oxide  of  copper  or  lithiurge  must  be  added  to  convert  it  into  hydrate,  a  certain 
excess  of  which  renaers  the  water-glass  better  adapted  for  many  purposes.  If,  however, 
a  perfectly  saturated  silicate  is  required,  the  saturation  may  be  ensured  by  boiling  the 
liquid  with  recently  precipitated  silica.  The  solution,  purified  as  just  described,  is 
loft  to  cool  and  clarify,  the  vessel  being  well  closed  to  prevent  access  of  air.  The 
clear  liquid  is  then  decanted  from  the  deposit  (which  makes  a  good  manure),  and 
stored  in  carboys ;  or  it  may  bo  evaporated  to  a  jelly  and  padted  in  tinned  iron 
vessels. 

Water-glass  may  Ix)  obtained  in  the  solid  state  by  mixing  the  concentrated  solution 
with  about  one-fourth  of  its  volume  of  rectified  spirit;  a  gelatinous  precipitate  is 
thereby  formed,  which  contracts  strongly  in  a  few  days,  and  is  deposited  in  a  solid 
mass ;  and  if  the  supernatant  liquid  (containing  alkaline  carbonates,  chlorides,  and 
sulphides)  be  decanted,  and  the  deposit  slightly  washed  and  squeezed,  the  water-glass 
is  obtained  in  the  solid  state,  and  consisting,  according  to  Fuchs,  of  potassic  tetrasili- 
cate,  K*0.4SiO',  perfectly  soluble  in  water.  According  to  Forchhammer,  however, 
the  alcohol,  even  m  the  act  of  precipitation^  and  still  more  during  the  subsequent 
washing,  withdraws  a  portion  of  the  alkali,  until  the  residue  consists  of  octosilicate, 
K*0.8SlO^  which  is  not  completely  soluble  in  water.  According  to  Fr  6m  y  (Jahresb. 
1856,  p.  368),  the  salt  precipitated  from  a  solution  of  potassic  silicate  by  alcohol,  h:iS 
the  composition  2K'0.9SiO'.aq. ;  and  the  sodic  silicate  obtained  in  like  manner  is 
2Na*O.9SiO*.20aq.;  according  to  Lefort  (ibid.  1861,  p.  205),  both  the  salts  thus  pre- 
cipitated have  the  composition  2M'0.9SiO*.aq. 

2.  Soda  water-glass  is  prepared  in  a  similar  manner,  the  proportions  being 
451b8.  of  quartz,  231bs.  anhydrous  carbonate  of  sodium,  and  Slbs.  of  charcoal :  this 
ffives  a  product  having  nearly  the  composition  2Na'0.5SiO':  it  fuses  more  readily 
tnan  the  potash-glass.  According  to  Buchner,  soda  water-glass  may  be  prepared  more 
economically  b^  means  of  sodic  sulphate,  in  the  proportion  of  100  pts.  quartz,  60  pts. 
anhydrous  sodic  sulphate,  and  15  to  20  pts.  charcoal-dust. 

By  dissolving  the  product  obtained  by  either  of  these  processes  in  boiling  water,  and 
saturating  it  with  recently  precipitated  silica,  it  maybe  converted  into  the  tetrasilicate 
Na*0.4SiO*.  Rectified  spirit  does  not  precipitate  this  compound  so  completely  as  the 
potash-glass,  but  merely  converts  it  into  a  gelatinous  mass:  in  solutions  not  com- 
pletely saturated  with  silica,  or  slightly  diluted,  it  forms  a  precipitate. 

8.  Double  water-glas  s. — Potash  and  soda  water-glass  are  misciblo  in  all  propor- 
tions. Normal  double  water-glass,  containing  equivalent  quantities  of  potash  and 
soda,  may  be  obtained  by  fusing  together  100  pts.  of  quartz  and  121  pts.  of  sodio- 
potassic  tartrate  (Rochelle  salt) ;  or  more  cheaply  by  fusing  a  mixture  of  potassic 
and  sodic  nitrates  in  equivalent  proportions  with  the  corresponding  quantity  of  quartz, 
or  100  pts.  quartz,  28  pearlash,  22  anhydrous  carbonate  of  sodium,  and  6  powdered 
charcoal.  This  mixture  fuses  more  readily  than  any  of  the  preceding.  A  solution  of 
double  water-glass  suirable  for  all  practical  applications,  may  likewise  be  prepared  by 
mixing  3  measures  of  concentrated  potash  water-glass  with  2  measures  of  concentrated 
aoda  water-^lHss. 

Soluble  silicates  may  also  be  obtained  by  boiling  silica  with  solutions  of  cau»tic 
alkalis  under  pressure.  The  following  process,  patented  in  1844  by  Mr.  Hansomc  of 
Ipswich,  18  essentially  the  same  as  that  adopted  oy  Euhlmann  of  Lille : — 100  lbs.  of 
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whole  being  subjected  to  pressure  in  moulds,  and  afterwards  dried  in  an  oren.  By  this 
means  stone  of  great  hardness  is  obtained,  and  in  some  cases  is  capable  of  receiving  a 
fine  polish. 

For  hardening  building  stones,  and  protecting  them  from  the  action  of  acid  vapours, 
Kuhlmann  employs  a  solution  of  silicate  of  potassium.  Silicate  of  sodium  produces 
the  same  effect,  but  is  said  to  give  rise,  after  a  while,  to  unsightly  efflorescences.  The 
solution  is  applied  with  a  brush,  or  sprinkled  on  the  walls  of  the  building  by  means  of 
large  syringes  with  rose  nozzles.  The  alkaline  silicate  being  gradually  decomposed 
by  the  action  of  the  carbonic  acid  in  the  air,  a  coating  of  silica  is  deposited  on  the 
stone,  which  protects  it  from  further  atmospheric  action.  This  process  is  said  to  have 
been  successfully  applied  at  the  Louvre  and  the  cathedral  of  Notre  Dame  in  Paris,  and 
to  several  builchngs  in  other  towns  of  France.  In  the  moist  climate  of  England, 
however,  the  application  of  alkaline  silicates  in  this  manner  is  attended  with  very 
uncertain  results,  the  liquid  coating  being  liable  to  be  removed  from  the  surfatce 
by  rain,  or  even  by  the  ordinary  humidity  of  the  air,  before  it  has  time  to  absorb  suf- 
ficient carbonic  acid  to  precipitate  the  silica  in  an  insoluble  form.  This  inconvenience 
may  be  obviated,  and  a  much  more  compact  silicious  coating  obtained,  by  washing  the 
suiface  of  the  building  first  with  a  solution  of  alkaline  silic^to,  and  then  with  a  solution 
of  chloride  of  calcium,  whereby  an  insoluble  silicate  of  calcium  is  formed,  possessing 
strongly  cohesive  properties  and  perfectly  indestructible  by  atmospheric  influences. 
This  process  was  patented  by  Mr.  Ransome  in  1856,  and  is  said  to  have  been  applied 
with  good  effect  to  many  public  buildings. 

2.  Another  very  important  application  of  the  alkaline  silicates  is  to  the  art  of  Mural 
Painting.  In  ordinary  fresco-painting,  as  is  well  known,  the  picture  must  be 
executed  as  soon  as  the  coat  of  stucco  is  laid  upon  the  walls,  and  finished  before  the 
stucco  is  dry ;  moreover,  it  cannot  bo  afterwards  retouched.  Now  by  working  on  a 
surface  of  plaster  prepared  with  a  solution  of  water-glass,  it  is  found  that  this  incon- 
venience is  completely  obviated — that  the  painter  can  work  at  his  leisure,  and  retouch 
the  work  as  often  as  is  found  desirable.  The  first  experiments  on  this  subject  were  made 
by  Fuchs,  who  designates  this  kind  of  mural  painting  by  the  name  stereochromy. 

Two  methods  of  silicious  painting  have  been  proposed:  one  by  Fuchs,  in  which 
the  colours,  ground  up  with  water,  are  laid  upon  a  prepared  surface  and  afterwards 
fixed  with  a  silicious  solution ;  the  other  by  Kuhlmann,  in  which  the  colours  are 
ground  up  with  the  alkaline  silicate.  In  Fuchs'  method  the  wall  is  first  coated  with 
a  layer  of  ordinary  lime-mortar  containing  a  rather  large  proportion  of  sand  of  medium 
fineness ;  and  on  this,  when  dry,  is  laid  a  second  coating  of  Ume-mortar  prepared  with 
rain  or  distilled  water,  and  well-washed  sand  of  greater  fineness  than  that  used  for  the 
first  coating.  This  when  dry  is  impregnated  with  a  solution  of  double  water-glass 
clarified  with  liquor  silicum  (p.  247),  and  diluted  with  an  equal  bulk  of  water.  This 
solution  is  applied  twice,  allowing  time  for  the  first  washing  to  dry. 

In  his  latest  essay  on  the  subject,  however,  Fuchs  recommends  the  preparation  of 
the  upper  layer  with  water-glass  cement — that  is  to  say,  water-glass  intimately  mixed 
with  pounded  marble  or  dolomite,  or  quartz-sand  mixed  with  a  little  dry  slaked  lime — 
the  water-glass  being  used  in  such  quantity  as  to  give  the  mass  the  consistence 
of  ordinary  mortar.  The  surface  having  been  prepare<l,  the  painting  is  executed  upon 
it  with  mineral  colours  groimd  up  with  pure  water ;  and  when  it  is  finished,  the 
colours  are  fixed  by  washing  or  sprinkling  the  surface  with  "  fixing  water-glass," 
consisting  of  a  mixture  of  4  or  5  measures  of  concentrated  water-glass  saturated  with 
silica,  and  1  measure  of  concentrated  liquor  silicum  (monosilicate  of  sodium),  the 
mixed  liquid  being  diluted  with  half  its  bulk  of  water.  Paintings  thus  executed  are 
found  to  possess  great  durability  and  power  of  resisting  destructive  infiuences. 
Plates  of  earthenware,  tiles,  and  lithographic  stone  impregnated  with  water-glass  miy 
also  be  used  as  grounds  for  silicious  painting. 

In  Kuhlmann's  method,  the  colours  are  ground  up  with  the  silicious  solution, 
and  consequently  do  not  require  so  much  preparation  of  the  painting  ground,  or  so 
much  care  in  fixing.  In  painting  upon  stone,  stucco,  glass,  &c.,  the  colours,  groimd 
with  water  and  kept  in  a  pasty  state,  are  immediately  mixed  with  a  silicious 
solution  of  16°  to  20®  Bm.,  and  applied  exactly  as  in  oil  or  distemper  painting, 
except  when  the  stone  is  very  porous,  in  which  case  it  is  best  to  silicify  the  stone 
before  applying  the  colours,  to  prevent  too  rapid  desiccation.  For  glass  and  earthen- 
ware the  silicious  solution  must  bo  more  concentrated.  The  silicious  colours  may 
also  be  used  for  painting  on  wood,  provided  it  is  not  impregnated  with  resin.* 

3.  The  alkaline  silicates  are  also  used  to  mix  with  soap,  forming  "  silicated  soaps," 

*  For  a  more  detailed  Account  of  the  preceding  applirAt'oa«  of  soluble  »ilic<itei,  see  a  pnper  by 
Fuchs  in  Kasiner^t  Archives  of  Natural  Philosophy ^  v.  386 — 412  ;  Journal  (\f  the  Socifttf  qf  Arts,  vii. 
A21_532 ;  aim  a  pamphlet  by  K  u  h  I  ni  an  n, entitled  Silicaiisation,ou  applications  dfs  Silicates  soluble* 
on  itureiuement  dr$  pierres poreusrs,  dec.  Paris  IbfiS ;  alio  Richardfon  and  Watt's  Ckemicat  Technologg^ 
Part  iv  ,  pp.  69—104  ;  v.  pp.  348,  582. 
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cement.  Artificial  mixtures  of  chalk  or  lime  with  clay  or  pulverised  flint,  jield 
similar  products  when  burnt  in  a  kiln.  (See  Gmelin'e  Handbook^  iii.  390 ;  and  Vre's 
Dictionarif  of  Arts ^  &c  iii.  200.) 

Natural  Silicatee  of  Calcium, — a.  Monosificate  or  MetasUicate,  Ca''SiO"  =  Ca''0^iO', 
WoUastonite,  or  Tabular  Spar,  occurs  in  monoclinic  crystals  (of  specific  gravity 
«>  2'7B — 29,  and  hardness  ->  4*5 — 6)  in  the  Bannat,  at  Far^  in  Finland, 
Konigsberg  in  Norway,  on  the  Castle  Rock,  Edinburgh,  in  basalt,  and  in  lava  at  Capo 
di  Bove,  near  Borne. 

fi.  Sesquitilicate,  2Ca''0.3SiO'.|H'0.  This  is  essentially  the  composition  of 
gyrolite  or  gurolite  (ii.  963). 

JD/w/tVa/*',  Ca"Si^0».2H''0  «  Ca''0.2SiO«.2H-0.    Okenite  (iv.  191>. 

Silico-horate  of  Calcium^  Ca"SiW.Ca"B'0*,  occurs  with  1  at.  water  as  datholite 
(ii.  306),  and  with  2 at.  water  as  botryolite  (i.  661). 

Silico-titanate  of  Calcium,  Ca"8i"0'.2Ca''TiO*,  occurs  as  sphene  (^.  v.) 

SUioate  of  Cerimiif  2Ce''OJSiO*.  Cerite  (L  831)  has  this  composition,  the  cerium 
being  partly  replaced  by  lanthanum,  didymium,  calcium,  and  iron. 

SUioate  of  Cobalt.  The  aqueous  solution  of  potafisic  or  sodic  disilicate  forms  a 
beautiful. blue  precipitate  with  cobalt-salts  (Fuchs).  The  solution  of  the  tetrasilicute 
forms  no  precipitate. 

Silioates  of  Copper,  a.  Monosilicaie. — Two  cupric  minerals  are  known  having 
the  composition  of  cupric  monosilicate  with  different  proportions  of  water — viz.,  diop- 
tase,  Cu"SiO».H«0  (already  described,  ii.  336),  and  chrysocolla,  Cu"SiO».2H'0. 
The  latter  occurs,  accompanying  other  copper  ores,  in  Cornwall,  Hungary,  and  other 
localities,  in  botryo'idal  or  massive  forms,  also  encrusting  and  disseminated.  Hardness 
»  2—3.  Specific  gravity  a  2 — 2*238.  It  has  a  mountain-green  or  bluish-grofn 
colour,  passing  into  sky-blue,  with  vitreous  or  earthy  lustre,  and  is  translucent  in 
various  degrees,  or  opaque.  Fracture  conchoidaL  Bather  eectile ;  translucent  varie- 
ties brittle. 

Analyses  of  Chrysocdla. — a.  From  Stromsheien  in  Satersdalen,  Norway  (Scheerer, 
Fogg.  Ann.  Ixv.  289). — b.  From  Lake  Superior  (Rammilsberff*8  Min4Talchemie,  p. 
361): 

SIO'.  CuO.  Fe«03.  CaO.  MgO.  H«0. 

a,      36- U  4307  1*09  .     .  .     .  2036    -     9966 

6.       32-66         42-32  1*63  1*76  106  20  68    »   100 

The  formula  CuO  SiO«.2H*0  requires  34*83  silica,  4482  cupric  oxide,  and  20*86  water. 

Flattner  s  Kuvferblau,  from  the  Herrensegen  mine  in  Baden,  containing  46'5  per 
cent,  cupric  oxide,  also  belongs  to  this  place. — A  more  highly  hydrated  cupric  mono- 
silicate,  containing  Cu"SiO*.4H'0  (accordingtoNordenskiold,  31 '46  per.  cent.  SiO% 
37*31  CuO,  0-40  FeO,  and  3 11 8  wafer),  occurs  at  Nischne-Tsgilsk  in  Siberia:  it  gives 
off  about  three-fourths  of  its  water  at  100°. 

The  chrysocollas  of  Siegen  and  of  Canaveilles  near  Prades  in  the  Pyrenees,  also  the 
blue  copper  from  the  Turjinian  mines  in  the  Ural,  are  mixtures  of  cupric  silicate  and 
carbonate. — Copper  pitchblende^  a  brown  scoriaceous  mineral  from  the  same  mines, 
18  a  mixture  of  chrysocolla  and  brown  haematite ;  a  similar  mineral,  from  Zomclahuacan 
in  Mexico,  has  the  composition  of  a  hydrated  cupric  disilicate,  Cu0.2Si0^4HK),  mixed 
with  brown  haematite.  * 

0.  SesquisUicate,  2Cu"0.3SiO«.6H*0  ?— This  appears  to  be  thiB  composition  of  a 
mineral  from  Somervillo,  New  Jersey,  analysed  by  Berthier,  and  from  Chili,  analysed 
by  Kittredge : 

F«?0.       CaO.       MgO.  H«0. 

28*6     «a    99*0 
4*94       1*49       6*78        24*73   «  100 

The  formula  requires  40*89  SiO«,  36*08  CuO,  and  2403  water. 

Among  cupric  silicates  must  also  be  enumerated  demidoffite,  a  mineral  occurring 
as  a  thin  blue  coating  on  malachite  at  Nischne-Tagilsk,  and  containing,  according 
to  Nordenskiold,  10*22  per  cent.  P'O*,  31*36  SiO«,  33*14  CuO,  3*16  MgO,  0*6  A1'0», 
and  23*03  water.     (Rammelsbtr^s  Mmeralchemie,  p.  633.) 

Sllleate  of  Bidymlnm.    See  CBRiTB(i.  831). 

rerroiu  SUloates.— a.  Fe'SiO*  «  2Fe''O.SiO'.— This  is  the  composition  of 
Fayalite  or  iron-chrysolite  (ii.  617);  also,  approximately,  that  of  some  of  the  re- 
finery-slags obtained  in  the  conversion  of  cast  into  malleable  iron  (iii.  361),  and 
in  the  refining  of  coarse  copper.     (GmelMs  Handbook,  y.  278.) 

iS.  Monosilicaie,  Fe^'SiO*    a  Fe"O.SiO'. — Grunerite,   an    asbestiform    mineral 


SiO«. 

CuO. 

New  Jersey  35*4 

86*1 

Chili              4009 
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BoY<»,  containing  6600  SiO^  0-66  AlW,  3067  MgO,  066  FeO,  and  11-34  water,  may 
be  approximately  represented  by  the  same  formula  with  5  at.  water,  or  by  6Mg-0.6SiO' 
+   4aq.     {Bammehoerg' 8  Mineralchemif,  p.  620.) 

•n.  4Mg''0.6SiO«  =  4Mg''SiO«.SiO».— This,  with  J  at.  water,  in  the  composition  of 
talc,  a  small  portion  of  the  magnesia  being  replaced  by  ferrous  oxide. 

e.  2Mg"0.3SiO*  =  2Mg'"SiO".SiO«.— This,  with  2  at.  and  4  at.  water,  is  the  compo- 
sition of  meerschaum.  The  same  formula  with  12  at.  water,  and  f  of  the  magnesia 
replaced  by  ferrous  oxide,  gives  the  composition  ofchlorophseite. 

BUleates  of  BSanrAiieM.  a.  2Mn''O.SiO'  »  Ivfn^SiO^— Tephroite,  from 
Sparta,  New  Jersey,  has  this  composition,  with  a  small  portion  of  the  manganese  re- 
placed by  iron. — Knebelite,  from  Ilmenau  and  from  Bannemora  in  Swalen,  con- 
sists of  (Mn''.Fe'')'SiO*. — T  roost  it  c,  from  Sterling,  New  Jersey,  is  an  orthosilicate, 
containing  manganese  and  zinc,  with  small  quantities  of  iron  and  magnesium. 

/3.  Mn''O.SiO"^  =»  Mn"8iO*. — Rhodonite  is  a  manganous  augitc,  containing  also 
calcium,  iron,  and  magnesium  (p.  107). — Fowlerite  iUid  Jeffersonite  are  similar 
in  composition,  but  also  contain  zinc. 

Bilioates  of  Meroury.  Tetrasilicate  of  sodium  gives  a  white  precipitate  with 
mercurous  nitrate.  It  does  not  precipitate  mercuric  chloride,  but  the  mixed  solution 
yields  very  small  dark  crystals  on  evaporation,  or  even  without  evaporation  if  it  is 
concentrated.     {GmelirC a  Handbook,  y.  110.) 

Silloates  of  Molybdennm.  Molybdous  and  molybdic  sillcofluoride  yield  with 
ammonia,  dark-brown  flocks,  from  which  the  ammoniacal  solution  gradually  removes 
the  oxide  of  molybdenum,  leaving  pure  silica.     (Berzelius.) 

Silloates  of  Viokol.  See  Pimelite  (iv.  647).  Nickcl-gymni  te  is  a  hydrated 
silicate  of  nickel  and  magnesium,  containing  \yt„"Q  \  .3SiO-.6aq. 

Silloates  of  Potassimn  and  Sodimn  (pp.  247-261). — Monosilicate  of  sodium 
may  bo  obtained  in  well-defined  monoclinic  prisms  containing  Na*SiO*.8IPO,  by  di- 
gesting ignited  silica  wilh  an  equivalent  quantity  of  crude  soda-ley,  evaporating  out 
of  contact  with  air,  till  small  ciystals  of  sodic  carbonate  separate,  cooling  the  remain- 
ing syrup  to  —  22^,  stirring  with  a  glasa  rod  till  it  solidifies  to  a  aystalline  pulp, 
redissolving  in  water,  and  leaving  the  solution  to  stand.  The  solution  of  this  salt 
yields,  with  barium  and  calcium-salts,  precipitates  containing  Ba"SiO*  and  Ca'SiO' 
respectively,  and  with  magnesium-salts,  a  precipitate  containing  8Mg''SiO'.6H*0.  (v. 
Ammon.) 

Silloate  of  StroBtliim.  One  part  of  silica  fuses,  with  an  equal  weight  of  stron- 
tia,  partly  to  an  amber-coloured  glass,  and  partly  to  a  black  and  wnite  enamel 
(Kirwan).  With  3  parts  of  strontia  it  forms  a  solid,  grey,  sonorous  mass,  which  is 
nearly  tasteless,  and  dissolves  but  sparingly  in  water,  though  readily  in  aqueous  acids 
rVauauelin).  Carbonate  of  strontium,  digested  in  solution  of  silica,  is  converted  into 
ciense  nydrated  silicate  of  strontium.    (K  u  h  1  m  a  n  n.) 

Silloate  of  Tborlmuii,  3irh*SiO\4H*0.    Thorite  {q.v.), 

Silloate  of  Tttrinm.  Gadolinite  is  an  orthosilicate  of  yttrium,  cerium,  and 
iron  (Y'';Ce";Fe'^»SiCM. 

Silieate  of  Zino.      The  orthosilicate,  Zn*SiO\  occurs  anhydrous  aswillemite, 

hydrated  as  siliciouscalamineorzinc-glance,  i&'SiO*.HK)(i.  714).  Troostite 
from  Sterling,  New  Jersey,  is  an  orthosilicate  of  zinc,  manganese,  magnesium,  iron,  and 
calcium.  Fowlerite  and  jeffersonite  aro  augitic  minerals  containing  small  quan- 
tities of  zinc. 

Silicates  containing  Triatomic  Metals :  Silicates  of  Sesquioxides. 

SiUoatee  of  Alninlnimn.  a,  2Al*0'.SiO*.~This,  with  9  at.  water,  is  the  com- 
|K)sition  of  collyrite  (i.  1084),  from  Schemnitc  in  Hungary  (Klaproth,  Beitrage^ 
I.  257),  and  from  Esquerra  in  Spain  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxii.  332): 

Calculation,  Sehtmnitx,    Esqmtrra. 

'        SiO«       '.  7 

2A1«0«  . 

»H«0    . 


60 

13-86 

14 

16-0 

161 

46-94 

46 

44-6 

.   162 

40-21 

42 

40-5 

2Al«0».SiO*.9aq.  .  .     373  10000  101  1000 

A  mineral  called  collyrite,  from  Woissenfels    in  Saxony,  has  the  composition 
Al'CSiO'.daq.  like  the  allophanes;  another,    occurring   in    alum-slate,    contains 
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8Al*0".9SiO'.&4aq.,  liko  some  varieties  -of  staurolite  (tw/ra).— Schrotterito  or 
opaline  allophane,  from  Freienstein  in  Styria-  having  a  density  of  l'985to  2015, 
|i^eenish-white  colour,  vitreous  lustre,  and  conch</i(lal  fracture — contains,  according 
to  Schrotter  (J.  pr.  Chom.  xi.  380),  11-94  SiO^,  4629  A1«0',  2-80  Fe»0»,  116 
CaO,  0*25  CuO,  0-63  SO',  and  36-85  water,  agreeing  approximately  with  the  for- 
mula 5Al*O'.2SiO'.20aq.,  which  is  more  basic  than  that  oi  coUyrite  ;  but  the  mineral 
is  probably  a  mixture  containing  hydrate  of  aluminium. 

0.  4Al'0'.3SiO*. — This  formula,  witli  the  ahmiina  partly  i^placed  by  ferric  oxide, 
represents  the  composition  of  some  varieties  of  staurolite  from  the  St.  Gothard, 
a  mineral  which  cr^'stallises  in  trimetric  prisms,  having  the  axes  a  :  6  :  c  «=  1  :  2-1123 
:  1-4478,  and  the  angle  ooP  :ooP  »  129*'  20'.  Observed  combination  ooP .  oetoo  . 
.  odPoo  .  oP.  Cleavag«  parallel  to  ootoo  ,  distinct  but  interrupted ;  parallel  to  ooP,  in 
traces.  The  cr3r8tals  are  thick  and  often  cruciform,  translucent  or  opaque,  with  brown 
colour,  subvitreous  lustre  inclining  to  resinous,  and  conchoidal  firacture.  Hardness 
-r  7— 7-5.     Specific  gravity  «  3-5— 3-75. 

AncUyses. — a.  Rod  (Klaproth,  Beitr.  v.  80). — b.  Dark-red :  specific  gravity  =  3-737 
— 3'74i  (Lohmeycr,  s.  Jacobson). — c.  (Rosales,  ibid.) — d.  Marignac  (Ann. 
Ch.  Phys.  [3]  xiv.  9).— e,/,  ^,  A.  Jacobson  (Pogg.  Ann.  Ixii.  419  ;  Ixviii.  414): 

CiUemtaticm.                                                                                        Anaiptet. 
f  * \         /  ■  '  ^ — ' — \ 

3SIO«        .        .        .    18000      9-15      87  00      57  02  27-M  28-47  291.'l  •i'j-72  30  31  30-91 

^Al<03    .        .        .    843-83      640)      63  25      49*9^>  ft&39  53-34  62C1  5472  46  80  48-C8 

|F«30*      .        .        .    106-67      16'(i3      1H5U      2007  19*87  17-41  17  58  15-60  18  08  15-37 

Manganic  oxide 0-'i5        0*28  .    .  0*31  .    .         .    .  0*13  I']9 

MnjnieiU 2-ft7  0-72  1-28        1*85  2  16  1-33 

IPe'On    -3^10'     *      •    ^^"^     ^^^       ^"^     ^'^    1<^'^    1^^^    I^'^    101'^      ^*^     97-48 

Dillnite  (ii.  331)  is  a  hydrated  J-silicate  of  aluminium,  4Al*0".3SiO'.9aq.,  con- 
taining small  quantities  of  lime  and  magnesia,  but  no  ferric  oxide. 

7.  10APO*.9SiO'.  Staurolite  from  Airolo  on  the  St.  Gothard:  specific  gravity » 
3-66— 3-73. 

Calculation.  Jacobson. 

9SiO»  ....  540-00  3306  3345  3299 

VAPO*  ....  8o8-33  51-04  47.23  4792 

|Fe«0«  ....  171-67  1590  1651  16-65 

Magnesia  .         .         .         .  .  .      .  1-99  1-66 

f^Q*v".9SiO»  .         .         .     157000         100-00  9918        9922 

9.  Al*0\SiO*. — Under  this  formula  are  included  andalusite(i.  291),  cyanite  or 
kyanite  (iii.  449),  sillimanite,  and  a  few  other  minerals,  apparently  produced  by 
alteration  of  these.  Topaz  {q.  v.)  consists  of  the  same  silicate  in  isomorphous  mixture 
with  aluminic  silicofluonde.     Allophaneis  the  same  silicate  with  5  or  6  at.  water. 

Analyses. — 1.  And aln site. — a.  Brazil  (Dam our). — b.  Bobschiitz,  near  Meissen  in 
Saxony:   reddish,  harder   than   quartz:   specific  gravity  ==    3*11  (Pfingsten).* — 

c.  Braunsdorf,  near  Freiberg:    reddish:    specific  gravity  »  8-07  (Pfingsten). — 

d.  Lisens  in  the  Tyrol ;  specific  gravity  «=  3*401.     (Roth.) 

2.  Cyanite.— «.  St.  Gothard  (Rosales).— /.  The  Sau  Alp  in  Carinthia  (Kohler). 
— ^.  Elfdal  in  Wermland  :  specific  gravity  »  3'8  (I  gelstrom)  : 

CatfuUUiom.  ADdaloaito.  CTlDlto. 

SiO« 60        37  5        37^03  36*84  37-57  86-74  .^6  67  37-92  4<f*02 

APOa 103        62-5        6145  5.V82  6988  59*65  6311  61-60  5846 

Ferric  oxide         I-I7  3*22  1*83  2*80  119  104  2*04 

Lime l-f9  061  0-49  .    .  0*42 

MaimeiiA      .        .        .        .  ^^     _^    ._        .    .  114  0M7       

APO^.SIO'  ....    163       lOd-0       99*65       98  if       9956       99-68      10097      100-98     lOO^ 

In  andalusite  from  Lisens,  Bunsen  found  40*17  per  cent,  silica  and  58*62  alumina; 
A.  Erdmann,  39*99  silica  and  58*60  alumina,  agreeing  more  nearly  with  8Al'0'.9SiO', 
which  requires  40*3  silica  and  59*7  alumina. 

3.  Sillimanite. — k — m.  Saybrook,  Chester  County,  Connecticut:  h,  Thomson; 
t,  Bowen ;  ?*,  Hayes  ;  A:,  B.  Silliman;  /,  Staaf ;  m,  Connel;  «,  Fairfield,  New  York. 
(Norton.) 


*  For  references,  ice  RammeUbcrg**  Mineralchcmic^  pp.  558,  5G0,  562. 
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4.  Talc-lithomapge;  o.Eoclilitz  in  Saxony (Korstcn).—^.  Zeidovcp, noar Tomes- 
Tap  in  Hungary  (Kuss  i  n) : 

8llltmuilte.  T4lc-Udi«nn«r|{«. 

, — -* V  I ■* > 

A.  i.  j.  k.  L  m.  n.  o.  p. 

SlO«f 45-65  43  00  42-60  3765  37-3^  Sfi-?-")  37  70  37  62        3»i  OJ 

Al«0'        ....    49-50  64-21  54-90  C-2'4l  586*2  68U5  6i75  6050        63'72 

Ferric  oxide    .        .        .4  55  200  110  .    .  2*17         0*99  2-28 

Manganic  oxide       ....  .    .  C«G3 

Mttgnetia 0  71  .    .  0*40 

Water      ....     .__^  0*51  .    .  .    .  0-43         .    .  .    .  0-82     

"99-70  99-72  99-31  100-06  98*98  9669  102*73  99*57        99  73 

Monpolite  from  Monroe,  New  York,  exhibits  the  same  characters  and  nearly  the 
same  composition  as  cyanito,  but  gives  off  from  1  to  2*5  per  cent,  water  when  heated ; 
specific  gravity  =  3*04 — 3-09.  Worthite,  a  mineral  occurring  near  St.  Petersburg 
in  white  translucent  fragments,  infusible  before  the  blowpipe,  has  also  nearly  tho 
same  composition.     Both  minerals  doubtless  result  from  the  d.teration  of  cyanite. 

Bucholzite  from  Faltigl  in  the  Tyrol  and  Chester  County,  Pennsylvania,  Fibro- 
lite  from  the  Carnatic  and  from  Delaware,  and  Xenolite,  found  near  St.  Petersburg, 
arc  fibrous  minerals,  which  appear  also  to  have  been  produced  by  the  alteration  of 
cyanite,  sillimanite,  or  andalusite,  but  they  arc  probably  sometimes  also  mixed  with 
quartz.  The  older  analyses  by  Thomson,  Brandes,  and  others,  give  for  these  minerals 
^m  40*05  to  47*44  per  cent,  silica,  and  68*88  to  50*0  alumina,  agreeing  approximatelv 
with  the  formula  2AlK)'.3SiO',  but  the  more  recent  analyses  by  B.  Silliman  (Sill. 
Am.  J.  [2]  viii.  10),  give  3513— 36*31  silica,  and  64*98—62*42  alumina,  which  is  tho 
same  as  that  of  cyanite,  &c.  Xenolite  forms  prisms  of  91°,  which  seems  to  show  that 
it  has  been  formed  from  andalusite. 

Chiastolite  or  Hollow  spar  (i.  868)  is  an  andalusite  varying  greatly  in  hard- 
ness and  composition,  and  usually  enclosing  masses  of  rock,  found  m  Spain,  at  Bona 
in  Algeria,  at  Lancaster  in  Massachusetts,  and  in  Bretagne. 

5.  AUophane. — a.  Friesdorf,  near  Bonn  (Bun sen). — b.  New  Charlton,  near 
"Woolwich  (Northcote). — c.  Bleiberg  in  tho  Eifel  (Borgemann). — d.  Gersbach,  in 
the  Black  Forest  (Walchner). — e.  Richmond,  Massachusetts  (B.  Silliman).—;/*. 
New  Charlton  (Woolwich). — ^.  GK)ldhausen,  near  Corbach,  Waldeck:  light-coloured. 
— h.  The  same,  dark-coloured:  specific  gravity  =  2*02  (Schnabel). — i.  Schneeberg 
(Ficinus): 

a.  b.              c  d.  «.  /.              ff,              k,  i. 

Carbonic  anhydride        '.    .  2*73  1-24  .    .  2*44         .    .  12 

Stiica        .                .        2-2-30  20  50  19*35  21-11  22*65  19-58  84*19  19*41  30-0 

Alumina.       .        .       8218  31*34  32  75  88*76  38*77  37*30  25*80  2677  16  7 

Ferric  oxide    .       .         2  90  0*31  0  30  .    .  0-11 

Cupric  oxide 2  57  2*33  .    .  1-36  13-71  18-97  19*2 

Manganic  oxide      .         .    .  .    .  .    .  .    .  i  -8 

Lima 1-92  1*58  .    .  2*83» 15 

Water      .       .                 42  62  42*91  40*23  35*75  35*24  89*19  35*49  84  72  29*9 

0-67t  

100*00  99-71  98-89"  97*95  99'49  99*98  99-19  99*87  1003 

This  table  shows  that  the  name  allophane  has  been  applied  to  substances  differing 
greatly  in  constitution.  The  analyses  a,  6,  o  may  be  represented  approximately  by 
the  formula  Al«0«.SiO».6aq.  (2214  SiO«,  38*01  A1*0«,  39*86  H*0);  d.  «,  /  by 
Al«0«.SiO«.5aq.  (2434  SiO»,  40*35  A1*0»,  36*31  H«0).  Both  varieties  are  often 
mixed  with  calcic  carbonate  and  cupric  silicate  ;  in  the  latter  case  they  have  a  blue 
colour.  The  more  highly  cupriferous  allophanes,  g.  A,  i,  are  mixtures  of  hydrated 
alnminic  silicate  and  cupric  silicate. 

Chrome-ochre,  Miloschin,  and'Wolchonskoite,arechromiferousclaysof  very 
variable  composition.  The  first  contains  from  46  to  64  per  cent  silica,  225  to  30*5 
alumina,  4  to  10*5  chromic  oxide,  and  6*26  to  12-5  water;  the  second,  fromlludniak  in 
Servia,  27*5  per  cent  silica,  46  01  alumina,  3*61  chromic  oxide,  and  22*30  water;  the 
third,  from  £reisOchan8k,in  the  government  of  Perm,  Hussia,  27  to  37  percent,  silica, 
about  6*5  alumina,  18  to  34  chromic  oxide,  7  to  10  ferric  oxide,  21*84  water,  with 
small  quantities  of  lime,  magnesia,  and  manganous  oxide. 

^  Collyrite,  from  Weissenfels,  containing,  according  to  Kersten,  23*3  per  cent, 
silica,  42*8  alumina,  and  34*7  water,  is  also  represented  most  nearly  by  the  formula 
Al«0».SiO«.5aq. 

«.  8Al*0".9SiO*. — Staurolito,  from  Polewskoi,  in  the  Ural,  contains,  according  to 
Jaoobson,  38*33—38-68  per  cent.  SiO*,  45*97—47*43  AlK)*,  14*60—15*06  Fe*0",  and 

2-44—2*47  magnesia,  agreeing  nearly  with  the  formula  £p  2q»'^  .9SiO'.  (Compare 
p.  256.)  *  ^      ^ 

■  Magncfia.  t  Quartz  and  Gypaum. 
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Analyses:  a.  Hochlitz,  in  Saxony:  compact  (Klaproth).* — h.  Buchbcrg,  nrar 
I^andshut,  in  Silesia  (Zellner). — r.  Clausthal :  white,  pnofiphorcscent ;  npecific  gravity 
■■  1*69  (Dumenil). — d.  Rumpelsberg,  near  Auerbacn  :  from  topaz  rock  ;  crystAlline 
nnder  the  microscope:  specific  gravity  =  2-6  (Clark). — e.  Schlackenwald,  llohemia  : 
radiate ;  glows  brightly  before  the  blowpipe ;  not  decomposible  by  hydrochloric  acid 
(Rammelsberg).— /  2Wn7«,  from  the  Tweed  (1)  Thomson;  (2)  Kichardson  : — 

«.  k  c  A  «. 


Silica     .    .    . 

4.V25 

4&-a 

43  00 

47-83 

47-26 

Alumina    .    . 

86  50 

3f.-2 

40-25 

40-S3 

».«,| 

Ferric  oxide  . 

876 

0-6 

0-48 

•        • 

Lime.    .    .    . 

•        • 

•        • 

0  47 

1-44  f 

•        • 

Magni^sia  .    . 

•         ■ 

•         • 

•        • 

0^ 

Water  .    .    . 

HOC 

14-0 

IVftO 

1286 

13-M 

/* 

K- 

43  46 

(IV 
44  30 

43-80 

4l-48f 

120 

0-87t 

13-49 

40*40 

075 

O-SO 

13  AO 

40-10 
0i»4 
0-64 
Qrhh 

1421 

00-00 

MI-45 

100-21 

98-M)        99-9       99-70         10136        100-78 

The  following  yaricties  are  distinguished  by  containing  a  considerable  amount  of 
potash : — h.  Green  lithomarge,  from  St.  Zorge  in  the  Harz :  specific  gravity  a  3*086 
(Rammelsberg). — i.  Lithomarge  from  Schlackenwald  (Krieg): — 

SiO«.       A120».    Fe^OS.    CaO.     MgO.    K«0.    Na«0.    H«0. 
A.   49-76     29-88     6-61     043     147     6-36      .  .      6-48    '=     9997 
f.    62-40     31-94     1-23      .  .      1-44     6-41     1-73     600     =     9915 

Ferruginous  lithomarge  from  Planitz,  near  Zwickau  in  Saxony,  contains,  acconlinnr 
toSchuler,  41*66  per  cent,  silica,  22*86  alumina,  12*98  fcrric  oxide,  1*68  manganic 
oxide,  3-04  lime,  2*66  magnesia,  0-93  potash,  and  14*20  water,  which  may  be  represented 
by  the  formula  (Al-0» ;  Fe«0»)  2SiO«. 

Hall oy site  (tii.  7)  has  sometimes  the  composition  of  kaolin  or  lithomarge;  some 
varieties,  however,  contain  a  larger  quantity  of  water,  agreeing  with  the  formula 
AlO'.2Si0^4aq.  The  latter  formula  also  represents  nearly  the  composition  of  some 
kinds  of  bole  (i.  618). 

K.  4Al*0*.9SiO'. — This  formula,  with  12  at  water,  represents  poicelain-clay  from 
Paxsiiu,  containing,  according  to  Forchhammer,  46*14  per  cent,  silica,  85*00  alumina, 
2*70  ferric  oxide  and  lime,  and  18*50  water.  The  same  formula,  with  18  at.  water, 
and  the  alumina  partly  replaced  by  ferric  oxide,  gives  the  composition  of  most  Tarieties 
of  bole. 

A.  Al'0*.3SiO^ — This  formula,  with  3  at.  water,  represents  razoumoffskin,  an 
argillaceous  mineral  from  Kosemutz  in  Silesia  (p.  78) ;  also  pyrophyllite  (iv.  769), 
if  the  small  quantity  of  protoxides  be  left  out  of  consideration. 

M.  2Al*0'.9SiO*. — Cimolite  (i.  964)  is  represented  by  this  formula,  generally  with 
6  at.,  but  occasionally  with  4  at.  water.  Ana  uxi te  (i.  288),  from Bilin  in  Bohemia — 
containing,  according  to  Plattner,  65  per  cent,  silica,  a  large  quantity  of  alumina,  11*5 
per  cent,  water,  with  small  quantities  of  magnesia — is  probably  a  variety  of  cimolit«. 

V.  Al*0'.4SiO^ — a.  Montmorillonite  (iii.  104),  from  Montmorillon,  Bept.  Haute- 
Vienne ;  b.  the  same,  from  Strumbuly  in  Transylvania ;  c.  Hall  oy  site,  from  Confolert, 
Dept.  Charente ;  (f«  L  e n  z  i  n  i  t  e,  from  St.  Sevin,  Dept.  Landes ;  and  e.  B ol e, from  Michac, 
Dept.  Dordogufc,  are  approximately  Al'0*.4SiO*  +  2  and  3  at.  water;  but  it  is  very 
probable  that  some  of  them  contain  free  silica : — 


SiO". 

Ai«03. 

Fe«0». 

CaO. 

MgO. 

MnO. 

K«0,Na«0.  H«0. 

a.  49-40 

19-70 

0*80 

1-60 

0*27 

1-50     25-67 

«     98-84  Salvdtat. 

h.  5004 

2016 

0-68 

1-46 

0*23 

1-27     26-00 

»     99*84  Damour. 

c.  52-40 

21*80 

•         • 

2*60 

4*28 

1-34     1768 

a   100        Hengenau. 

d.  49-6 

180 

•         • 

2*1 

2-1 

.     .     280 

«     99*7  .  Berthier. 

«.  500 

220 

•         • 

•         • 

•         • 

.     .     260 

-     98-0 

/.  50  56 

1915 

•         • 

0-63 

•         • 

4-40 

.     .     2406 

-     98*78  V.  Hauer. 

The  last  gives  off  14*03  per  cent  water  at  100®.    {Bammdsber^s  M'meralchemie, 
p.  1014.) 

{.  Al«0*.6SiO«?— Malthacite.  from  Steindiirfel  in  the  Oberlausitz— containing, 
according  to  Meissner  (J.  pr.  Chem.  x.  610),  60*2  per  cent  silica,  10'7  alumina,  3*1 
ferric  oxide,  02  lime,  and  36*8  water — may  be  approximatelyreprescntedas  A1^0*.6SiO'. 
16aq.,  but  is  probably  a  mixture. 

o.  Muminit  Silicates  ofindeUrminate composition. — ^D vs^ntribite,  from  Lawrence 
County,  New  York  (ii.  868);  Nacrite,  from  Bmnswi(^,  in  the  State  of  Maine,  and 
Talcite,  from  Wicklow  in  Ireland  (iv.  1);  Neurolite,  from  Stamstead  in  Lower 
Canada  (iv.  32);  Portite  from  the  gabbro  of  Tuscany  (iv.  690);  Bhodalite,  from 
Ireland,  containing,  according  to  Richardson,  56  9  per  cent,  silica,  11  4  ferric  oxide,  8*3 

•  Fur  rervrcnco,  it-c  RamnuUberg'B  MincraUkcmte^  p.  576.  t  Soda. 
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alumina,  1*1  lime,  0*6  magnesia,  and 220  water;  Samoitc,  from  the  lava  of  Upolu  (v. 
187);  Scarbroite,  from  Scarborough  (v.  204);  Smectite,  from  Cilly  in  Stjria, 
containing,  according  to  Jordan  (Pogg.  Ann.  Ixxyii.  591),  51'21  per  cent,  silica, 
12*25  alumina,  2*07  ferric  oxide,  1*89  magnesia,  2*13  lime,  and  27*89  water; 
Smell te,  from  Telbobanya  in  Hungary,  containing,  according  to  Oswald  (J.  pr. 
Chem.  xxxY.  39),  50  per  cent,  silica,  32  alumina,  2  ferric  oxide,  2*1  soda,  and  13 
water ;  and  an  earthy  mineral  from  Cond^,  near  Houdan,  Dept.  Seine  et  Oise,  con- 
taining, according  to  Salvetat  (Ann.  Ch.  Phys.  [3]  xxzi.  102),  44*5  per  ceci  silica, 
32*5  uumina,  1*2  ferric  oxide,  1*02  lime,  0*3  magnesia,  0*4  potash  and  soda,  and  21*7 
water. 

The  following  are  unctuous  clays  included  under  the  general  denomination  of 
mountain-soaps: — a.  From  Plombiires  (Berthier,  Ann.  Min.  [3],  xi.  479). — b. 
Thiiringen  (Bucholz,  Gehlena  N.  J.  iii.  597). — c.  Amstadt,  in  Thunnffia  (Ficinus, 
Schw.  J.  xxvi.  279). — d,  Wilhelmshohe  near  Caasel  (Bechmann,  Leonn.  Jahrb.  1831, 
p.  125):— 

Humlc  FotftU 
P30\     8iO<.      Atso*.  FeSQS.  lfa«CP.  CaO.    MgO.        H«0.     Carbon,  acid,    retiu. 

fl.  .    .  46*8  23*4 2*1  26*6 «     98*9 

h.  .     .  440  26*5       8*a     .     .       0*5  .    .  20*5 «  99*5 

c.  .     .  23*3  16*1     10*3       3*1       11  31  430 «  100* 

d.  0-55  46*44  17*40     6*22    009    0*86  1*25  12*69  6*95     6*46     0*56  »  99*47 


There  are  but  few  ferric  silicates  of  definite  composition. 
Degeroite,  from  Finland  (ii.  309),  consists  mainly  of  FeW.SiO*.3aq. — ^Anthosi- 
dcrite,  from  Mmas  Geraes,  Bnicil  (i.  309),  is  2Fe*0*.9SiO*.2aq.— Chloropal  (i. 
921)  is  a  mixture  of  FeK)'.3SiO'.3aq.  with  opal.— Pinguite  (iy.  650)  has  nearly  the 
composition  Fo''O.3SiO'.4(Fe*O».2SiO*).30aq.— Nontronite  (iil  134),  unghwarito 
{q.  v.\  and  a  fcrmginoufl  bole  from  Ilalsbriicke,  near  Freiberg,  are  ferric  or  forroso- 
ferric  silicates  to  which  no  definite  formula  can  be  assigned.  The  last  contains, 
according  to  Kersten,  46*40  per  cent,  silica,  3*01  alumina,  23*50  feme  oxide,  and  24*50 
water. 

Manffanio  BUioates.  The  black  silicious  ores  of  manganese,  which  give  off 
chlorine  when  treated  with  hydrochloric  acid,  appear  to  haye  been  formed  by  the 
oxidation  of  manganous  silicates  (rhodonite,  cummingtonite,  bnstamito),  and  are  oftun 
mixed  with  the  latter,  so  that  their  composition  is  yory  yariable. 

Analyses : — a,  5,  c.  Three  yarieties  of  a  black  silicious  manganese,  from  Sweden  : 
specific  grarity  »  2*74 — 2*98.— <^.  An  accompanying  black  substance:  specific  grayity 
=  3-207  (Bahr,  J.  pr.  Chem.  liii.  308):— 

SiOi.  lfn>OS.         FtHP.        APO*.        CaO.  MgO.  H«0. 

a.  36*20         47*91  0*70         111         0  60         4*43         9*43   »   100*38 

b.  3611         4200         11*31         0*90        0*70        0*57         9*43  «   101*02 

c.  34*72        42*64         10*45         1*09        0*56        0*35         9*76  «     99*57 

d.  23*69         56*21  9*14         0*61         0*50         0*39         9*50  -   100*04 

(.  Stratopeite,  a  black  amorphous  mineral,  of  specific  grayity  2*64,  from  the 
PujsbtTg  mine,  near  Philipstad  in  Sweden,  containing,  according  to  Igelstrom  (J. 
pr.  Chem.  liy.  192,  290),  35*43  per  cent,  silica,  32*41  manganic  oxide,  10*27  ferric 
oxide,  8*04  magnesia,  and  13*75  water,  is  a  decomposition-product  of  similar  cha- 
racter. 

/.  A  black  silicious  manganese  from  Klapperud,  in  Dalame,  Sweden,  in  which 
Klaproth  found  25  per  cent,  silica,  55*8  manganous  oxide,  and  13*0  loss  by  ignition, 
was  probably  a  hydrated  mixture  of  manganous  silicate,  manganous  carbonate,  and 
manganic  oxide  or  peroxide;  the  deficiency  in  the  analysis  (6  2  per  cent.)  was  probably 
carbonic  anhydride. 

g,  h,  t.  Marceline  or  Heterochine,from  St.  Marcel  in  Piedmont:^  by  Berze- 
lius(AfhandLi.  Fis.  iy.  382);  A  byEwreinoff  (Pogg.  Ann.xlix.  204);  thy  Damour 
(J.  pr.  Chem.  xxviii.  284). — k.  Dense,  hard,  silicious  manganese  from  Tinzen  in  the 
Orisons  (Berthier,  Ann.  Ch.  Phys.  [2]  li.  79). — /.  The  same  by  Schweizer  (J.  pr. 
Chem.  xxiii.  278)  :— 

SIO*.  Mn«0».  Fe"03.  A1*0>.  CaO.          MgO.          K*0.         IPO. 

a.     15*17  75*80  4*14  2*80 «     97*91 

A.     10*16  85*87           3*28         .     .  0*61  .    .  0*44         .    .   -  100*36 

f.      10*24  76*32  11*49          .     .  114         0*26  .     .          .     .    =     99*45 

k.     15*3  80*9  10  1*0  -     98*2 

/.     15*60  77*34          3*70         .    .  1*70  .    .  .     .        1*76  -»  100 

g,  k,  and  /  are,  approximately,  2MnK)*.3SiO',  but  they  may  also  be  mixtures ;  h 
and  k  are  still  less  definite. 

A  brown  sinter  from  the  mine-waters  of  Himmelfahrt,  near  Freiberg,  was  found  by 

s  2 
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Kenten  to  eontain  18*98  per  cent,  silica,  25*01  manganic  oxide,  22*90  ferric  oxide. 

mud  33*00  water,  which  may  be  represented  by  the  formula  (MnK)';FeH)').3SiO'.6aq* 

Carpholite  (p.  257)  is  a  manganic  silicate  containing  alamina  and  ferric  oxide. 

Silicates  containing  Nanatamie,  Diatomic,  and  Triatomic  Metals  :  DotihU  Silicates, 

These  compounds  being  specially  described,  and  their  analyses  given  in  separate 
articles,  it  will  be  sufficient  to  give  in  this  place  a  tabnlar  yiew  of  the  composition  of 
ibose  whose  formulse  may  be  considered  as  definitely  established.  In  the  preceding 
tables  (pp.  260,  261),  to  avoid  the  continual  repetition  of  atomicity-marks,  a  monatomic 
metal  is  denoted  by  M,  a  diatomic  metal  by  M,  and  a  triatomic  metal  by  R. 

Compounds  or  Mixtures  of  Silicates  toith  other  Salts. 

1.  WithAluminates. — It  has  already  been  mentioned  (p.  253),  that  certain  varieties 
of  augite  and  hornblende  may  be  regarded  as  mixtures  of  siUcntes  and  alumi nates  of 
magnesia,  &c.  A  similar  composition  is  also  assigtied  to  the  following  minerals,  the 
alamina  being  more  or  less  replaced  by  ferric  oxide: 

CUntonite,  (2M0.3SiO«)  .  2(3MO  .  2A1K)>). 
Xanthophyllite,  (MO.SSiO*) .  3(3M0.2A1>0*)  .  3aq. 

^fiSsitei  (2M0.3SiO«)  .  4(M0.A1«0«)  .  2aq. 

The  minerals  of  the  chlorite  group  may  be  represented  either  as  double  silicates 
of  magnesia  (ferrous  oxide)  and  alumina,  or  as  compounds  of  silicates  and  aluminates : 
thus — 

Chlorite,  6MO.Al«0«.3SiO«.4aq.      -  2(3MO.SiO»)  .  (Al»0»^iO«)  .  4aq. 

-  (4M0.3SiO»)  .  (2M0JUK)»)  .  4aq. 
BipidoUte,  4BIOJU«0».28iO«.3aq.  -  (4MO.SiO«)  .  (Al*0».SiO*)  .  3aq. 

«  4(M0.8iO*)  .  (8M0.A1K)*)  .  8aq. 

2.  With  Borates. — ^The  native  ealdo  borosilicates  have  already  been  mentioned, 
▼11.: — 

Datholite,  CaBK)*.CaSiO«.aq. 
Botiyolite,  CaBH)«.Ca8iO».2aq. 

Tourmalines  are  double  silicates,  containing  both  proto-  and  sesquiozides,  most  of 
n^ich  may  be  included  in  the  general  formula, 

2(M^)0.8iO« .  ii(R;B)«0«.SiO«, 

the  boron  being  supposed  to  replace  a  portion  of  the  triatomic  metal  B. 
Axinite  is  a  boiosilicate  containing 

8[2CaOJ3iO«]  .  2[(B3)'0*.8SiO^. 

8.  With  (7aV6ona<0«.—Cancrinite  consists  of  (CaO.C0^8rNa*O.Al'0*.2SiOn, 
or  CaCO*.  8(Na«SiO».  Al«SiO»). 

4.  With  Chlorides, — Sodalite  consists  of  a  sodio-aluminic  silicate  combined  with 
chloride  of  sodium,  and  maybe  represented  by  the  formula  NaCLn(Na'SiO*Jkl^i'0"^ 
Porcelain -spar  contains,  according  to  Schafhautl,  a  small  quantity  of  potassie 
chloride.  . 

6.  With  Fluorides. — ^Lepi  doli  te  consists  of  6  or  12  at.  of  a  silicate  of  aluminium 
and  alkali-metals,  including  lithium,  with  1  at.  of  a  fluoride ;  or  the  fluorine  may  be 
regarded  as  replacing  a  portion  of  the  oxygen  in  the  silica.  (For  the  formula,  see 
iii.  1011).  A  similar  replacement  of  oxygen  by  fluorine  takes  place  to  a  small  extent 
in  many  other  silicates. 

6.  With  Sulphates. — ^TUs  division  includes  hauyne,  nosean,  ittnerite^  and 
ultramarin  e.    The  composition  of  the  first  three  is  as  follows  :-* 

Haiiyne,  (M«;M)SO*  +  n[(M«;M)SiO«JU«SiO»]. 
Nosean,    Naa  +  3(Na«SiO«.Al«SiO») 

+   10rNa«SO*.3(Na«SiO».Al*SiO»]. 
Ittnerite,  NaCl  +   8rNa«SiO«jU«SiO»).6aq. 

+  3[(Ca;Na«)SO*.3[(Ca;Na«)8iO»JU«SiO»].6aq. 

Koeean  is  a  compound  of  1  at  sodalite  and  10  at.  of  a  soda-hau^ne;  ittnerite  of  1  at 
hydrated  sodalite  and  3  at  of  a  hydrated  hauyne.  Lapis-lazuli,  or  ultramarine,  is  a 
mixture  of  variable  composition. 

7.  With  Titanates. — ^The  following  minerals  of  this  class  are  known:— 

Titanite,  Ca'j^oi   -   Ca''SiO».Ca''TiO«. 

Yttrotitanitei,  M«B«0»  16M(Si;Ti)«0»;  [M5=.Ca,Y;  R- Al.Fe]. 
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Diethylic  disilicat^  dissolreg  in  ether,  alcohol,  and  tho  otiicr  silicic  ethen. 

Hexcthylic  DisiUcate,(C*H*ySi-0\^  3(C*H*)'0.2SiO^- Fried  el  andCrafta 
were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned;  but  having  pr.pured  a 
considerable  quantity  of  ethylic  silicate  with  alcohol  that  was  not  quite  anhydrous, 
they  found  that  the  greater  part  of  the  product  distilled  over  towards  240°,  bat  that  it 
was  not  possible,  by  distillation  under  the  ordinary  atmospheric  pressure,  to  obtain  a 
prodoct  of  definite  boiling-point.  By  distillation  in  vacuo,  however  (under  a  pressure 
of  8  to  5  mm.)  they  obtained,  after  eight  fractionations,  a  nroduct  boiling  between 
126^  and  130°,  and  having  the  composition  of  hexethylicdisilicate. 

This  ether  is  a  slightly  oily  liquid,  having  a  rather  fragrant  odour  like  that  of  normal 
silicic  ether.  Speafic  gravity  of  10196  at  0°  and  101 19  at  19<^.  Vapour-density: 
obs.  =   12-025;  calc.  »  11*86. 

Ethylailicic  Chlorhydrins. — ^By  heating  chloride  of  silicon  with  tetrethyb'a 
silicate  in  various  proportions,  Friedel  and  Crafts  have  obtained  compounds  derived 
from  the  latter  by  substitution  of  1,  2,  and  3  at.  chlorine  for  an  equivalent  quantity 
of  hydroxyl  (HO). 

Ethylailicic  monochlorhydrin,  (C=H»)KnSiO*,  is  produced:  I.  By  heating  1  at. 
silicic  chloride  with  3  at.  tetreth3dic  silicate  to  150°  for  an  hour  in  a  closed  vessel : 

SiCl*  +   3(C«H»)*SiO«  -  4(C'H*)»aSiO». 

2.  Together  with  ethylic  acetate,  by  heating  1  at.  tetiethylic  silicate  with  1  at.  chloride 
of  acetyl  to  170°— 180®: 

(C«H»)«SiO*  +   C^'OCl  -  (C»H»)»ClSiO»  +   (C«H»0)(C«H»)0«. 

3.  By  distilling  tetrethylic  silicate  with  pentachloride  of  phosphorus.  It  is  a 
limpid  liquid,  of  ppecific  gravity  1*0483  at  0°.  Boils  at  157°.  Vapour-density :  obs.  •■ 
7*05;  calc.  «  6*81.  It  does  not  fiime  in  the  air,  but  is  quickly  decomposed  by  the 
action  of  moist  air  and  of  water,  gelding  hydrochloric  acid  and  silica.  It  bums  with 
a  green-edged  flame,  diffusing  white  fumes  of  silica. 

EthyUUicic  Dichhrh^Hn,  (C*H*)*a'SiO*.— Produced  by  heating  1  at.  tetrethylic 
silicate  with  1  at.  silicic  chloride : 

SiCl«  +  (C«H*)*SiO*  -  2(C«H»)KJl«SiO« ; 

or  1  at.  silicic  chloride  with  2  at.  of  the  monochlorhydrin : 

8\Ci*  +   2(C«H»)«ClSiO»  -  3(C«H»)«Cl«SiO*. 

In  either  case  the  materials  must  bo  heated  together  for  some  time,  and  the  product 
purified  by  repeated  fractional  distillation,  great  care  being  taken  to  prevent  acceps  of 
moisture.  It  is  a  liquid  resembling  the  preceding,  and  having  a  specific  gravity  of  1*44 
at0°.    Boiling-point  137°.    Vapour-density :  obs.  =  6*76;  calc.   —  6*545. 

EthyUUicic  Trichhrkydrin,  (C«H»)Cl«SiO.— Prepared  by  heating  the  dichlorhydrin, 
monodilorhydrin,  or  tetrethylic  silicate,  for  a  long  time  with  excess  of  silicic  chloride, 
and  fractionating  the  product  a  great  number  of  times  with  the  precautions  above 
indicated.  It  is  a  liquid  of  specie  gravity  1*291  at  0°,  boiling  at  104°.  Vapour- 
density:  obs.   «   6*378;  calc.   »  6*216. 

Ethylamylie  Silicates, — ^These  ethers  are  produced  by  distilling  ethylsilicio 
mono-,  di-,  or  tri-chlorhydrin  with  an  equivalent  quantity  of  amylic  alcohol :  e.  g. — 

(C«H»)«ClSiO»  +  (C»H")HO  =  (C«H»)»(C»H'»)SiO«  +  HCl. 

EthjrUilicIn  Amylic  AnyUtrieChjlic 

monochlorhydrin.  alcoliol.  •ilicate. 

The  monamylic  compound,  (C*H*)*(C*H")SiO*,  is  a  limpid  slightly  oily  liquid, 
having  a  faint  odour,  like  that  of  amyl-com pounds  in  general ;  boils  oetween  216°  and 

225° The  diamylic  compound,  (C«H»)«(C*H'»)«SiO«,  has  a  specific  gravity  of  0*915  at 

0°  and  boils  between  245°  and  260°.— The  triamylic  compound,  (C«H*)(C»H")»SiO«. 
has  a  specific  gravity  of  0*913  at  0°,  and  boils  between  280°  and  285°.  These  mixed 
ethers,  like  tetramyUc  silicate,  are  less  easily  decomposed  by  alcoholic  ammonia  than 
tetrethylic  silicate.    (Friedel  and  Crafts.) 

Triethyl-acetylsilicie  Ether,  (C»H*)«(C«H»0)SiO«.  EthyOc  Saico-^weHn,^ 
Produced  by  heating  tetrethylic  silicate  with  acetic  anhydride  to  180^  for  fourteen 
hours,  and  separated  by  fractional  distillation.  It  is  a  limpid  slightly  oily  liquid, 
with  a  slightly  acetic  odour,  becoming  stronger  after  exposure  for  some  time  to  a  moist 
atmosphere.    Boils  at  about  190°.    Bums  with  emission  of  white  clouds  of  silica. 

MetbylsUioio  Btliers,  (Friedel  and  Crafts,  Ann.  Ch.  Phys.  [4]  ix.  32.>— 
Tetramethylic  silicate,  (CH')^SiO^,  is  prepared,  like  the  correnx>nding  ethyl-compound, 
by  the  action  of  silicic  chloride  on  perfectly  pure  and  anhydrous  methylic  alcohol 
(obtained  by  distilling  ordinary  methvlic  alcohol,  first  over  sodium,  and  then  over 
phosphoric  anhydride).    It  is  a  colourless  limpid  liquid,  having  a  fragrant  ethereal 


266  SILICIDES,   ORGANIC— SILICON. 

Silieide  of  Cerium^  CeSi. — ^When  a  mixture  of  fluoride  of  potapsium  and  oxide 
of  cerium,  fused  in  a  porcelain  crucible,  is  subjected  to  electrolysis,  silieide  of  cerium  is 
deposited  at  the  negative  pole  together  with  potassium ;  and  on  washing  the  deposit 
with  water  to  remove  the  latter,  the  silieide  of  cerium  remains  as  a  brown  powder, 
which  is  insoluble  in  acids,  and  bums  with  a  reddish  flame,  leaving  a  yellow  powder 
mixed  with  black  particles.    (XJlik,  Zeitschr.  f.  Chem.  [2]  ii.  60.) 

suicides  of  Copper. — ^These  compounds  possess  great  hardness,  and  become 
harder  but  less  malleable  as  the  proportion  of  silicon  increases.  A  white  copper- 
silicide,  very  hard  to  the  flle,  is  formed  in  the  preparation  of  silicon  by  passing  the  va- 
pour of  silicic  chloride  over  sodium  heated  in  copper  trays.  A  copper  silieide  contain- 
ing 12  pts.  silicon  to  88  pts.  copper  is  obtained  by  fusing  3  pts.  of  potassicsilicofluorido, 
1  pt.  sodium,  and  1  pt.  copper-turnings,  at  such  a  temperature  that  the  melted  metal 
is  covered  by  a  very  fluid  slag.  The  compound  is  white,  brittle,  and  more  fusible  than 
silver.  By  fusing  this  silidde  with  a  larger  quantity  of  copper,  a  compound  may  be 
obtained  containmg  4*8  per  cent,  silicon :  it  has  a  flne  light  bronze  colour,  is  as 
malleable  as  ordinary  bronze,  somewhat  less  hard  than  iron,  and  may  be  wrought  like 
the  latter,  is  veiy  malleable,  and  may  be  drawn  out  into  wire  having  at  least  as  much 
tenacity  as  iron  wire.  (Deville  and  Car  on,  Ann.  Ch.  Pharm.  dv.  232  ;  Ann.  Cli. 
Phys.  [3]  Ixvii.  466.) 

By  precipitating  cupric  sulphate  with  silicinretted  hvdrogen,  a  copper-silicide  is 
obtained,  as  a  dark  copper-coloured  film,  translucent  with  brownish  colour  when  very 
thin.  This  compound  is  easily  oxidisable,  being  quickly  converted,  by  exposure  to  the 
air  at  ordinary  temperatures,  into  lemon-yellow  cupnc  silicate.  Dilute  nitric  acid 
decomposes  it  immediately,  separating  metallic  copper ;  hydrochloric  acid  dissolves  it, 
with  evolution  of  hydrogen  and  separation  of  silicic  oxide.  With  potash-lcry  it  quickly 
gives  off  hydrogen,  and  deposits  copper  free  from  silicon;  it  also  gives  off  hydrogen  in 
contact  with  ammonia. 

Silieide  of  Iron.    See  Ibon  (iii.  334). 

Silieide  of  Magnesium. — ^The  mass  obtained  by  fusing  together  chloride  of 
magnesium,  chloride  of  sodium,  silicofluoride  of  sodium,  and  metallic  podium,  for  the 
preparation  of  silicinretted  hydrogen,  contains,  besides  free  silicon,  two  silicides  of 
magnesium,  one  of  which  gives  off  siliciuretted  hydrogen  when  treated  with  aqueous 
sal-ammoniac  or  hydrochloric  acid ;  whereas  the  other,  when  treated  with  hydrochloric 
acid,  yields  free  hydrogen  and  hydrated  oxide  of  silicon.    (Wohler). 

Silieide  of  Manganese,    See  Mamoakesb  (iii.  816). 

Silieide  of  Platinum. — Platinum  unites  readily  with  silicon,  forming  a  very 
fusible  compound :  hence,  on  fusing  silicon  in  a  platinum  crucible  lined  with  lime,  care 
must  be  tHken  to  make  the  lining  very  dense,  as,  if  the  silicon  comes  in  contact  with 
the  platinum,  the  crucible  will  be  perforated. 

Silieide  of  Potassium{?). — According  to  Berzelius,  silieide  of  potassium  is 
formed  in  the  preparation  of  silicon  by  heating  potassic  silicofluoride  with 
potassium;  but,  according  to  Deville,  the  potassium  is  merely  mixed  with  the  free 
silicon. 


>»  ^«.w«»M*^.  (Friedel  and  Crafts,  Bull.  Soc.  Chim.  1863,  p. 
468;  1865,  i.  Zd^.y—SUicon-eihyl,  eihvlic  silieide,  or  silicic  etkide,  Si(C«H»)*,  and 
the  corresponding  methyl-compound^  Si^GH*)',  are  prepared  by  heating  silicic  chloride 
with  zinc-ethyl  and  zinc-methyl  respectively  in  sealed  tub^.  They  are  limpid  liquids 
liehter  than  water,  and  burning  with  a  bright  flame,  emitting  white  clouds  of  silica. 
They  are  not  attacked  by  potash  or  by  ordinary  nitric  acid,  but  are  decomposed,  the 
methyl-compound  with  great  difficulty,  by  heatmg  with  fuming  nitric  acid  in  sealed 
tubes.    Their  boiling-points  and  vapour-densities  are  as  follows : — 

Vapour-deniltr. 
Boiling-points.  Obi.  C«1c. 

Si(CH»)«  30<>—  31®  3083  8-048 

Si(C»H»)«  1620— 164<>  613  499 

BZXiZCZirM.    Syn.  with  Silicon. 

[     See  SiLicATBS  (p.  262). 


See  Silicon,  Fluobiob  of  (p.  270). 

8Z&ZCOWt  or  BZUtCIUBK.  Atomic  weighty  28 ;  Symbol,  Si. — This  element,  though 
Teiy  abundant  in  nature,  is  never  found  in  the  free  state,  but  always  in  combination, 
either  with  oxygen  alone,  as  silica  (p.  240),  or  with  oxygen  and  metals,  forming  silicates. 

Silicon  is  obtained  in  the  free  state  by  the  action  of  reducing  agejits  on  the  chloride 
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required  to  volatilise  the  zinc,  till  the  slag  is  completely  xneltini ;  then  left  to  cool 
Blowly.  The  mass  of  zinc  thus  obtained  contains  long  needles  of  silicon  fonned  of 
octahedrons  (  ?  rhombic)  inserted  one  into  the  other.  Much  of  the  zinc  may  be 
extracted  by  partial  fosion  at  a  low  temperature,  and  the  zinc  which  zrms  from  the 
pasty  mass,  in  which  the  silicon  is  retained,  may  be  employed  again  in  a  similar 
operation.  The  zinc,  which  still  adheres  to  the  silicon,  may  be  removed  by  digestion, 
first  in  hydrochloric,  and  afterwards  in  boiling  nitric  acid.  If  a  very  high  temperature 
be  employed  in  the  operation,  the  whole  of  the  zinc  may  be  expelled,  and  the  silicon 
obtained  in  the  fused  state.  Deville  and  Caron  have  in  Uiis  way  fused  several 
hundred  grammes  of  silicon  under  a  layer  of  potassic  silicofluoride,  at  a  temperature 
near  the  melting-point  of  cast-iron,  and  have  cast  it  into  large  cylindrical  bars, 
without  sensible  loss  by  oxidation.  These  bars  exhibited  a  brilliant  surface,  which 
was  not  altered  by  exposure  to  the  air  (Ann.  Ch.  Fhys.  [3]  bdii.  26  ;  IxviL  441) ;  see 
also  Bobbins  {Chem,  News,  v.  102). 

Bl&XCOVt  B&OMZBB  OV.  SiBr*. — ^This  compound,  discovered  by  Serullas,  is 
produced  by  passing  bromine-vapour  over  an  intimate  mixture  of  silica  and  charcoal, 
neated  to  reoness  in  a  porcelain  tube :  it  is  purified  by  agitation  with  mercury,  and 
distillation.  Colourless  liquid,  of  specific  gravity  2*813,  and  having  a  pungent  odour. 
It  solidifies  at  12'^  to  15^  to  an  opaque,  white,  shghtly  nacreous  mass;  boils  at 
163*4^  (under  a  pressure  of  762  mm.),  fumes  very  strongly  in  moist  air,  and  in  contact 
with  water  is  immediately  resolved  into  hydrobromic  acid  and  gelatinous  silica. 
Heated  with  potassium,  it  decomposes  with  detonation. 

Silicohydric  Bromide,  Si'H<Br'»  «  3SiBr«.4Ha,  is  obtained  by  passing 
hydrobromic  acid  gas  over  ignited  crystalline  silicon,  and  passing  the  evolv^  vapours 
through  a  U-tube,  cooled  with  ice  and  salt.  When  purified  from  free  bromine  by 
agitation  with  mercury,  it  is  a  colourless  liquid,  of  specific  gravity  about  2*5;  it  fumes 
strongly  in  the  air,  and  is  instantly  decomposed  bv  water,  yielding  hydrobromic  acid, 
and  the  corresponding  hydrated  oxide,  Si'H^O*,  which  forms  a  film  on  the  surface,  and 
for  a  while  protects  the  remaining  bromine-compound  from  ftirther  decomposition. 
(Wohler  and  Buff,  Ann.  Ch.  Pharm.  civ.  99.) 

MObZOOWt  CSabO&ZDB  07.  SiCl\ — ^This  compound  is  formed  when  silicon  is 
heated  in  chlorine  gas ;  but  the  best  mode  of  preparing  it  is  to  mix  finely-powdered 
silica  to  a  paste  with  oil  and  charcoal,  heat  the  mixture  in  a  covered  crucible,  and 
ignite  the  charred  mass  in  a  porcelain  tube,  through  which  a  current  of  chlorine  is 
passed: 

SiO«  +  2CP  +   C  -  2C0   +  Sia*. 

The  product  is  received  in  vessels  cooled  by  a  freezing  mixture. 

Chloride  of  silicon,  or  silicic  chloride,  is  a  transparent  colourless  liquid,  of  specific 
gravity  1-5237  at  0°.  It  remains  liquid  at  —  20°,  boils  at  50°  (Serullas).  Vapour- 
density:  obs.  «  5*939  (Dumas);  calc.  »  5*8905.  The  vapour  has  a  suffocating 
odour,  and  reddens  litmus. 

Chloride  of  silicon  is  quickly  decomposed  by  water,  yielding  hvdrochloric  acid  and 
silica,  a  considerable  quantitv  of  which  remains  dissolved  if  the  water  is  in  large 
proportion.  Potcasium,  heated  in  the  vapour,  decomposes  it  with  separation  of  silicon. 
Fused  potassium  dropped  upon  the  liquid  chloride  causes  an  explosion. 

Silicohydric  chloride,  Si'H«CP*  =:  3Sia*.4HCl,  analogous  to  silicohydric 
bromide,  is  prepared  in  like  manner  by  passing  hydrochloric  acid  gas  over  crystallised 
silicon  heated  to  barely  visible  redness,  and  condensing  the  product  in  a  U-tube  cooled 
to  0°.  It  is  a  colourless  very  mobile  liquid,  of  specific  gravity  1*65,  boiling  at  about 
42^.  It  fumes  strongly  when  exposed  to  the  air,  depositing  a  white  film  on  surround- 
ing bodies,  and  emitting  a  suffocating  vapour.  It  is  highly  inflammable,  and  bums 
with  a  greenish  feebly  luminous  flame,  depositing  silica  and  emitting  hydrochloric 
acid.  The  vapour  mixed  with  oxvgen  explodes  violently  on  transmission  of  an  electric 
spark,  depositing  silica,  and  ^eldmff  hycuochloric  acid  and  tetrachloride  of  silicon.  It 
may  be  boiled  over  sodium  without  decomposition — hence  it  does  not  appear  to  contain 
ready-formed  hydrochloric  add ;  a  similar  observation  applies  to  the  bromide.  When 
passed  through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  hydrochloric  acid  and 
the  tetrachloride,  whilst  half  the  silicon  is  deposited  in  the  form  of  a  brown,  amorphous, 
metallic-shining  crust.  Wat<er  decomposes  it  immediately,  with  great  rise  of  tem- 
perature, forming  hydrochloric  acid  and  tiie  corresponding  hydrated  oxide,  called 
leucane:  Si«H*a'»  +  5HK)  -  Si«H*0»  +  lOHCL  (Wohler  and  Buff,  Ann.  Ch. 
Pharm.  dv.  94.) 

•nUOOWv  BSTBOTIOW  A«B  SBTXKATZOW  OV.  The  methods  of 
analysing  compounds,  in  which  silicon  occurs  as  silidc  acid,  have  been  already 
detailed  (p.  245). 
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SZHiXCOVf  VXiVOUSB  OF.  8iF^. — ^A  gaseoiu  eomponnd,  produced  whenever 
bydroflaoric  acid  comes  in  contact  with  silica  or  any  silicious  substance,  such  as  glass, 
and  therefore  also  when  a  mixture  of  a  fluoride  with  silica  or  a  silicate  is  heated  with 
sulphuric  acid.     The  reaction  is, 

4HF   +   SiO*     «     2H«0   +   SiF*. 

To  prepare  it,  powdered  fluor-spar,  mixed  with  sand  or  finely-pounded  glass,  is 
gently  heated  in  a  flask  with  strong  sulphuric  acid,  and  the  gas  is  collected  over  mer- 
cury in  dry  glass  jars.  If  the  receivers  are  coated  with  a  fllm  of  moisture,  they  become 
coated  with  an  opaque  deposit  of  silica,  which  cannot  be  removed. 

Fluoride  of  silicon  is  a  colourless  gas,  having  a  specific  gravity  of  3'60,  and  a  highly 
pungent  and  suffocating  odoar,  like  that  of  hydrochloric  acid.  According  to  J.  Davy, 
It  reddens  litmus-paper  even  when  perfectly  diy.  It  liquefies  under  very  strong  pres- 
sure (Faraday),  and  solidifies  at  —  140^  (batterer).  It  is  not  infiammaUe,  but 
extinguishes  a  lighted  taper.  It  fumes  strongly  in  the  lur,  and  is  absorbed  in  lai^e 
quantity  by  water,  which  at  the  same  time  decomposes  it  into  silica  and  silicofluoiic 
acid: 

3SiF   +  2H«0     «     2H»SiF«  +  SiO«. 

Aqueous  alkalis  and  alkaline  earths  either  act  like  water,  precipitating  only  one-thizd 

of  the  silicon  as  silica,  and  forming  a  silicofluoride,  ».,>  SlF",    as    with  potash;  or 

thoy  precipitate  the  whole  of  the  silica,  and  form  a  metallic  fluoride,  as  is  the  case  with 
soda.  Many  metallic  oxides  in  the  anhydrous  state  absorb  gaseous  fluoride  of  silicon, 
producing  heat  and  sometimes  even  flame,  and  apparently  forming  a  mixture  of  silica 
and  metallic  fluoride. — Burnt  /im^,  immersed  in  the  gas,  becomes  red-hot  throughout 
its  whole  mass. — Potassium,  at  ordinary  temperatures,  acts  but  slightly  on  the  gas  ; 
but  if  heated  till  it  melts,  it  blackens,  and  bums  with  a  dark-red  £une,  absorbing  a 
portion  of  the  gas,  and  yielding  a  dark-brown  brittle  mass  (Gay-Lussac  and  The- 
nar d).     Sodium  acts  in  a  similar  manner. 

Fluoride  of  silicon  combines  with  twice  its  ownvolume  of  emmonia'gaB,  forming  a 
volatile  crystalline  compound,  2NH'.SiF^,  which  is  decomposed  by  water,  yiel(Ung 
silica  and  a  solution  of  fluoride  and  silicofluoride  of  ammonium  (J.  Davy) : 

2(2NH».SiF<)  +   2H''0     =     2NH*F  +  (NH*)*SiF«  +  SiO«. 

Absolute  alcohol  absorbs  fluoride  of  silicon,  forming  a  liquid  called  sili co- 
fluoric  or  fluosilicic  alcohol,  consisting  of  a  mixture  of  tetarethylic  silicate 
and  silicofluoric  acid.  To  obtain  a  saturated  solution,  the  alcohol  must  be  kept  cool. 
(Knop  and  Wolf,  Chem.  Centr.  1861,  p.  822  ;  Jahresb.  1861,  p.  207.) 

BUloollaoHo  add,  Si'H*F*  »  2HF.SiF«.— An  acid  produced  by  the  action  of 
water  on  gaseous  fluoride  of  silicon.     To  prepare  it,  the  generating  flask  is  fitted  with 

a  wide  glass  tube,  dipping  under 
rig,  743.  merciiry  at  the  bottom  of  a  glass 

jar,  as  in  jig.  748.  Water  is 
then  poured  into  the  glass,  and 
heat  applied  to  the  mixture  in 
the  flask.  The  olject  of  making 
the  end  of  the  tube  dip  imder 
mercury,  is  to  prevent  it  from 
being  stopped  up  by  the  deposited 
silica.  Each  bubble  of  gas,  as  it 
rises  through  the  water,  is  de- 
composed, as  above  explained, 
into  silicofluoric  acid  and  free 
silica — the  former  dissolving, 
while  the  latter  is  set  free  in 
the  solid  state,  and  forms 
a  silicious  envelope  round  the 
bubble  as  it  rises  above  the 
surface  of  the  mercury;  ul- 
timately, the  liquid  sets  into  a 
gelatinous  mass.  When  snfl&- 
ciendy  saturated,  it  is  separated 
from  the  silica  by  pressure  be- 
tween linen,  and  finally  by  filtra- 
tion through  paper. 

An  easier  method  of  obLuiuiug  the  acid  in  krge  quantities  is  to  dissolve  silica  in 
dilute  hydrofluoric  acid. 
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A  satnnited  ■olution  of  silioofluorie  acid  forms  a  very  sour  faming  liquid,  which 
gradually  evaporates  at  40^  in  platinum  yessels  without  leaving  any  residue.  It  does 
not  attadc  glass  excopt  when  evaporated  upon  it;  in  that  case  the  fluoride  of  silicon 
goes  off  first,  leaving  hydrofluoric  acid,  which  corrodes  the  glass,  and  ultimately  evapo- 
rates also  as  fluoride  of  silicon. 

According  to  Stolba  (J.  pr.  Chem.  xc.  193),  the  specific  gravity  of  the  aqueous 
acid  increases  regularly  with  its  strength,  as  shown  by  tne  following  numbers: — 

Percentage  of  H'SiF*         .        .       05  1  1-6  2  6  10 

Specific  gravity  at  17-6<>     .        .     10040     1-0080     10120     1-0161     1-0407     10834 

SiUeofloorldM.  2MF.SiF\  or  M'T'.SiF'.— These  salts  are  produced:—!.  By 
dissolving  a  metallic  oxide,  hydrate  or  carbonate  (or,  in  the  case  of  iron  or  zinc, 
the  simple  metal)  in  silicofluoric  acid  till  the  liquid  is  nearly  saturated, — when,  if  the 
compound  is  not  insoluble,  it  is  separated  on  evaporating  the  liquid  in  a  platinum- 
vessel  Jtit  gelatinises  from  excess  of  silica,  a  small  <^uantity  of  hydrofluoric  acid 
must  be  add^,  and  this,  on  further  evaporation,  volatilises  with  thb  silica  in  the 
form  of  silicic  fluoride. — 2.  By  the  action  of  silicic  fluoride  on  metallic  fluorides  (either 
dry  or  in  solution),  which  readily  absorb  the  gas :  or  on  metallic  oxides  or  carbonates 
slightly  moistened  with  water.  In  the  latter  case  a  portion  of  the  silicon  is  separated 
ia  the  form  of  silica. 

Most  silicofluorides  are  easily  soluble  in  water ;  only  those  of  sodium,  lithium, 
barium,  calciiun,  and  yttrium,  are  sparingly  soluble.  The  solutions  frequently  yield 
hydrated  cryst-als.  Many  of  these  crystals  lose  their  water  by  efflorescence  on  expo- 
sure to  the  air,  and  all  of  them  undergo  this  change  when  heated. 

The  silicofluorides  redden  litmus,  and  for  the  most  part  have  an  acid  and  bitter  taste. 
By  prolonged  ignition,  they  give  up  the  whole  of  the  fluoride  of  silicon,  the  metallic  fluo- 
ride remaining  behind  in  the  pure  state.  If  they  contain  water,  the  gaseous  fluoride  of 
silicon,  as  it  escapes,  is  accompanied  by  a  white  sublimate  in  the  form  of  minute  drops, 
which  on  exposure  to  moist  air  deposit  silica. 

The  silicofluorides,  many  of  them  at  le;i»t,  are  resolved  by  ignition  with  potassium 
into  silicon  and  fluoride  of  potassium,  whilst  the  metallic  fluoride  previously  in  com- 
bination with  the  fluoride  of  silicon,  either  remains  unaltered,  or  gives  up  its  fluorine 
also  to  the  potassium.  The  action  of  iron  at  a  red  heat  is  similar  to  that  of  potassium 
(Berzelius).  With  oil  of  vitriol,  the  silicofluorides  at  first  evolve  gaseous  fluoride  of 
silicon  with  effervescence ;  then,  at  a  temperature  which,  in  the  case  of  the  calcium  and 
barium-compound,  exceeds  100°,  anhydrous  hydrofluoric  acid  is  evolved.  Hydro- 
chloric and  nitric  acids  expel  only  a  part  of  the  hydrofluosilicic  acid.  The  silicofluo- 
rides are  decomposed  by  excess  of  alkali,  silica  being  precipitated,  and  a  metallic 
fluoride  remaining  in  solution  :  e.  g. — 

2KF.8iF«  +  4KH0     «     SiO«  +   6KF  +  2H«0. 

Silicofluorides  of  the  Alkali-metals. — The  ammonhim-salt,  (NH*)*SiF*  « 
2NH*FJSiF^,  is  produced  by  neutralising  silicofluoric  acid  with  ammonia,  avoiding  an 
excess.  The  filtered  liquid  yields  the  salt  by  spontaneous  evaporation,  in  large,  trans- 
parent, shining,  four-  or  six-sided  prisms,  containing  water  of  crystallisation. 

The  lithium-saltf  2LiF.SiF*,  crystallises  from  solution  in  silicofluoric  acid  in  small 
transparent  grains,  which  under  the  microscope  present  the  appearance  of  six  sided 
prisms.  It  has  a  slightly  acid  and  bitter  taste,  melts  at  a  red  heat,  and  obstinately 
retains  its  fluoride  of  silicon.  Pure  water  dissolves  it  very  slowly;  acidulated  water 
more  readily. 

The  potassium-salty  2KF.SiF*,  is  obtained  as  a  transparent  gelatinous  precipitate, 
when  silicofluoric  acid  is  added  to  any  salt  of  potassium ;  when  &y  it  forms  an  earthy- 
looking  powder.  It  is  one  of  the  least  soluble  of  the  potassium-salts,  and  consequently 
silicofluoric  acid  is  often  used  to  precipitate  potassium  from  the  solutions  of  its  salts; 
in  this  manner  chloric  acid  is  sometimes  prepared  from  chlorate  of  potassium. 
According  to  Stolba  (J.  pr.  Chem.  xc.  193),  it  has  a  speciflc  gravity  of  2*6649 — 
2*6655  at  17*5°,  and  dissolves  in  833*1  pts.  of  water  at  that  temperature,  and  in 
104*8  pts.  at  the  boiling  heat.  It  is  insoluble  in  alcohol.  The  salt  melts  at  a  low  red 
heat,  and  boils  at  a  higher  temperature,  slowly  evolving  gaseous  fluoride  of  silicon. 
Heated  with  potassium,  it  yields  silicon  and  fluoride  of  potassium. 

The  sodium-saltt  2NaF.SiF^,  resembles  the  potassium-salt,  and  is  obtained  in  like 
manner.  According  to  Stolba,  it  has  a  density  of  2*7547  at  17*5°,  dissolves  in 
153*3  pts.  water  at  Uiat  temperature,  and  in  40*66  pts.  at  its  boiling  heat  (101^).  It 
has  a  great  tendency  to  form  supersaturated  solutions,  and  may  be  used  as  a  test  for 
potassium-salts  when  the  solutions  of  the  latter  are  not  too  dilute.  The  solutions 
of  the  potassic  and  sodic  silicofluorides,  when  slowly  evaporated,  deposit  the  salts  in 
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ring-shaped  crasts  on  the  side  of  tlie  vessel  (Stolba).     The  sodium-salt  is  insoluble 
in  alcohol,  whether  strong  or  dilute. 

Silicofluoridea  of  the  Earth-metals. — The  ^riM»i-«a/^,  Ba"F'.SiF*,  is  produced 
on  adding  silicofluoric  acid  to  a  soluble  barium-salt,  and  is  quickly  deposited  in 
microscopic  crystals,  insoluble  in  excess  of  the  acid.  It  is  decomposed  by  ignition, 
fluoride  of  silicon  going  off  and  fluoride  of  barium  remaining. — According  to 
Fresenius  (Ann.  Ch.  Pharm.  liz.  117),  it  dissolves  in  3,802  pts.  of  pure  water,  and 
in  733  pts.  of  water  acidulated  with  hydrochloric  acid. — The  etrontium-salt  separates 
from  a  solution  of  strontium-carbonate  in  silicofluoric  acid,  on  evaporation  or 
cooling,  in  short  hydrated  rhombic  prisms,  with  dihedral  summits  resting  on  the  acute 
lateral  edges.  It  is  much  more  soluble  than  the  barium-salt,  so  that  silicofluoric  acid 
may  be  used  to  distinguish  barium  from  strontium  in  solution. — The  calcium'salt 
crystallises  in  four-sided  obliquely  truncated  prisms,  which  are  dfHK>mpo8ed  by  water, 
yielding  on  the  one  hand  an  insoluble  residue  of  silicon  and  fluoride  of  calrium,  and 
on  the  other  silicofluoric  acid,  by  which  the  remainder  of  the  silicofluoride  is  dissolved 
without  decomposition  (Berzelius). — The  ^lucinum-salt  is  easily  soluble  in  water, 
and  if  the  solution  contains  excess  of  acid,  it  remains,  after  the  volatilisation  of  the 
latter,  in  hard  white  masses  resembling  porcelain  (Berzelius). — The  mo^nesttim-xa//, 
Mg''F'.SiF*,  is  a  transparent,  yellowish,  gummy  msiss,  easily  soluble  in  water  (Ber- 
zelius).— The  yttHum-aalt  is  insoluble  in  pure  water,  but  soluble  in  water  containing 
hydrochloric  acid,  and  separates  on  evaporation  (Berzelius)  ;  decomposed  by  evapora- 
tion (Popp). — ^The  eirconium-aalt  forms  white  pearly  crystals,  very  soluble  in  water;  the 
solution  becomes  turbid  on  boiling,  but  the  greater  part  of  the  salt  remains  dissolved. 

Silicofiuoridea  of  Heavy  Metals. — Antimony-scUt.  A  solution  of  antimonious 
oxide  in  silicofluoric  acid  crystallises  by  slow  evaporation  in  prisms,  which  crumble  to 
powder  when  dried  in  the  air,  and  dissolve  readily  in  excess  of  the  acid  (Berzelius)^ 
The  cadmium-salt  forms  long,  transparent,  efllorescent  prisms,  very  soluble  in  water. 
(Berzelius.) 

Chromic  salt. — A  solution  of  chromic  oxide  in  silicofluoric  acid,  yields  by  evaporation 
a  transparent,  green,  amorphous,  deliquescent  mass,  which,  if  it  contains  excess  of 
acid,  swells  up  in  the  flre  like  alum,  and  again  deliquesces  on  exposure  to  the  air. 
(Berzelius.) 

CobaU-saltf  Co''P.SiF*.7H*0. — Pale-red  rhombohedrons,  easily  soluble  in  water. 
(Berzelius.) 

Copper-salts. —  The  cuprous  salt,  2CuF.SiF\  is  copper-coloured,  resembling 
cuprous  fluoride,  and  behaves  like  the  latter  when  exposed  in  the  moist  state  to  the 
air.  When  somewhat  strongly  heated,  it  melts,  and  gives  off  fluoride  of  silica  with 
ebullitions.  (Berzelius.) 

Cupric  Silicofluoride  is  obtained  by  spontaneous  evaporation  of  a  solution  of 
cupric  oxide  in  silicofluoric  acid,  in  transparent  octahedrons  and  hexagonal  prisms, 
containing  CuT'.SiF*.7H^0,  which  effloresce  in  the  air,  becoming  light-blue  and 
opaque,  and  giving  off  2  at.  water,  and  are  easily  soluble  in  water.  (Berzelius). 
Knop  and  Wolf  prepare  this  salt  by  adding  precipitated  cupric  oxide  in  slight  excess  to 
fluosilicic  alcohol  (p.  270),  diluted  with  3  or  4  times  its  volume  of  absolute  alcohoL 
A  pale-blue  ciystalline  powder  is  thereby  produced,  the  flitered  aqueous  solution  of 
which  contains  pure  cupric  silicofluoride,  and  yields,  with  potassium  and  barium-salts, 
precipitates  having  the  usual  composition  of  the  silicofluorides,  M'F.SiF^.  But  by 
adding  precipitated  cupric  oxide  to  fluosilicic  alcohol  diluted  with  eight  times  its 
volume  of  water,  and  nested  to  50° — 60°,  a  solution  is  obtained,  which  yields  by 
double  decomposition,  compounds  containing  silicon  and  fluorine,  but  of  more  complex 
constitution  than  the  ordinary  silicofluorides. — Another  series  of  fluosilicic  compoimds 
is  obtained  by  decomposing  the  solution  of  cupric  silicofluoride,  or  of  the  copper-salt 
last  described,  with  zinc  or  iron.  The  zinc  or  iron -salt  thus  obtained  vields,  by  double 
decomposition,  the  third  series  of  salts  just  mentioned.  (En op  ana  Wolf,  Jahresb. 
1861,  p.  207.) 

Silicofluoridfs  of  Iron. — The  ferrous  salt,  Fe'T'.SiF*,  is  obtained  by  spontaneous 
evaporation  of  a  solution  of  iron  in  silicofluoric  add,  in  pale  bluish-green  six-sided 
prisms,  very  soluble  in  water. — The  ferric  salt,  2Fe'*'F*.3SiF*,  remains  on  evaporating 
a  solution  of  ferric  hydrate  in  silicofluoric  acid,  as  a  yellowish  jelly,  which  dries  up  to 
a  transparent  gummymass,  completely  soluble  in  water.     (Berzelius.) 

The  lead-salt  J  Pb'T'.SiF*,  dries  up  to  a  translucent  gum,  which  tastes  h*ke  other 
lead-salts,  and  redissolves  completely  in  water.    (Berzelius.) 

The  manganous  salt,  Mn'F'.SLF^.7HK),  crystallises  from  a  veiy  strong  solution  in 
long  regular  six-sided  prisms,  or  by  slower  evaporation  in  shorter  prisms  and  rhombo- 
hedrons.  It  has  a  very  light-red  colour,  and  is  easily  soluble  in  water.  When 
distilled,  it  first  gives  off  its  7  at.  water,  and  then  gaseous  fluoride  of  silicon.  (Ber- 
zelius.) 
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To  obtain  the  gas,  the  coarsely  pulverised  mass  is  introduced  into  a  two-necked 
bottle,  one  tubulure  of  which  is  fitted  with  a  straight  funnel- tube  reaching  to  the  bottom, 
while  the  other  is  provided  with  a  gas-delivery-tube.  The  bottle  is  filled  up  with  de- 
aerated  water,  and  the  delivery-tube  is  made  to  dip  under  water  in  the  pneumatic  trough, 
care  being  taken  that  not  a  bubble  of  air  shall  remain  either  in  the  bottle  or  in  the 
tube.  Strong  hydrochloric  acid  is  then  poured  in  through  the  funnel-tube,  and  the 
gas,  which  in  rapidly  evolved,  is  collected  in  a  glass  jar  filled  with  de-aerated  water. 
The  froth  which  passes  over  with  it  quickly  subsides,  so  that  the  pure  gas  may  be 
transferred  into  another  receiver,  and  dried,  if  necessary,  over  chloride  of  calcium. 

Siliciuretted  hydr(^en  mixed  with  free  hydrogen  is  a  colourless  gas,  insoluble  in 
pure  do-aerated  water  and  in  salt  water ;  but  over  water  containing  air  it  is  decom- 
posed, forming  white  clouds  of  silica,  and  losing  its  spontaneous  infiammability.  If  it 
be  passed  into  the  air  in  single  bubbles,  each  bubble  takes  fire  spontaneously,  and  with 
explosion,  burning  with  a  white  flame  and  separation  of  silica,  which  rises  in  beautiful 
rings,  often  coloured  brovmish  by  admixture  of  amorphous  silicon.  When  set  on  fire, 
as  it  issues  from  a  tube,  it  bums  with  a  brilliant  white  flame.  On  opening  a  glass 
jar  filled  with  it  in  the  air,  it  takes  fire,  the  flame  gradually  passing  down  the  jar,  the 
inner  surface  of  which  becomes  coated  with  brown  silicon. 

The  gas,  when  heated  bv  itself,  is  decomposed  into  amorphous  silicon  and  free  hy- 
dr(^n,  and  at  the  same  time  increases  in  volume,  showing  that  the  hydrogen  in  the 
compound  is  in  a  condensed  state.  It  has  not  been  analysed  quantitatively.  A 
piece  of  porcelain  introduced  into  the  flame  becomes  coated  with  brown  silicon; 
and,  on  passing  the  gas  through  a  glass  tube  heated  to  low  redness,  the  interior 
becomes  coated  with  a  dark-brown  opaque  mirror.  The  gas  is  easily  decomposed  by  chlo- 
rine. It  is  not  altered  by  dilute  hyorochloric  or  sulphuric  acids.  When  shaken  up  vnth 
potash-ley,  it  is  decomposed  with  increase  of  volume ;  soda  and  ammonia  do  not  appear 
to  act  upon  it.  From  a  solution  of  cupric  sulphate,  siliciuretted  hydrogen  imme- 
diately precipitates  silicide  of  copper  (p.  266);  from  nitrate  of  silver  it  throws  down 
grey  metallic  silver  mixed  with  a  black  substance,  probably  silicide  of  silver ;  from 
chloride  of  palladium  it  throws  down  black -grey  metallic  palladiam,  free  from  silicon. 
It  does  not  precipitate  acetate  of  lead  or  chloride  of  platinum. 

BlXiZCOiry  ZOBZBB8  OF.  The  iodide  of  silicon,  corresponding  to  the  tetra- 
chloride, has  not  been  obtained:  silicon  does  not  nnit«  directly  with  iodine. 

Iodide  of  Silicon  and  Hydrogni,  Si*H*I'*,  is  obtained,  like  the  corresponding  chlorine 
and  bromine  compounds  (pp.  267, 268),  bypassing  hydriodic  add  gas  over  heated  cxys- 
talline  silicon,  and  collects  at  the  colder  ena  of  the  condensing-tnbeas  a  dark-red  brittle 
mass,  which  fuses  readily,  and  solidifies  in  the  crystalline  form  on  ooolinff.  At  a  stronger 
heat  it  boils,  and  distils  without  decomposition.  It  fumes  strongly  in  the  air,  assuming 
at  first  a  bright  vormillion  colour,  but  ultimately  becoming  snow-white.  In  water  it 
immediately  becomes  vermillion-coloured,  but  is  only  slowly  decomposed.  Sulphide 
of  carbon  dissolves  it  in  large  quantity,  forming  a  blood-z^  solution,  which,  when 
concentrated  in  a  retort,  deposits  the  compound  on  cooling  in  dark-red  czystals. 
Caustic  soda-solution  dissolves  it>  with  evolution  of  hydrogen.  (Wohler  and  Buff, 
Ann.  Ch.  Fharm.  civ.  99.) 

BZZiZCOlSr,  mmtZOB  or.  (Devi He  and  Wohler,  Ann.  Ch.  Pharm.  civ. 
256  ;  ex.  248.) — Obtained  by  the  action  of  ammonia  on  silicic  chloride,  and  by  exposing 
crystalline  silicon  to  an  intense  heat  in  nitrc^n  gas  or  atmospheric  air.  Its  composi- 
tion has  not  been  ascertained.  It  is  a  white  amorphous  mass,  infusible  and  unalterable 
at  the  highest  temperatures,  and  not  oxidised  even  by  ignition  in  contact  with  the  air. 
It  is  not  acted  on  by  any  acid  except  hydrofluoric  acid,  which  dissolves  it  with  forma- 
tion of  silicofluoride  of  ammonium.  When  stronglj  ignited  in  a  stream  of  aqueous 
vapour  and  carbonic  anhydride,  it  is  decomposed,  yielding  carbonate  of  ammonium ;  it 
likewise  decomposes  slowly  in  moist  air,  as  indicated  by  ^e  odour  of  ammonia  which  it 
evolves.  Aqueous  alkalis  do  not  act  upon  it,  but  when  lused  with  hydrate  of  potassium, 
it  forms  silicate  of  potassium,  with  evolution  of  ammonia.  When  fused  with  carbonate 
of  potassium,  it  yields  silicate  and  cyanate  of  potassium;  also  cyanide,  if  the  nitride 
of  silicon  is  in  excess.  When  heated  with  red  oxide  of  lead,  it  reduces  the  lead  with 
incandescence,  and  forms  nitrons  anhydride. 

BZZiZCOW,  OZZBBS  AVB  BTB&A.TB8  OF.  The  only  known  anhydrous 
oxide  of  silicon  is  the  dioxide  or  silica,  SiO*,  already  described  (p.  240).  There  is, 
however,  a  compound  of  silicon,  hydrogen,  and  oxygen.  Si*H*0*,  which  may  be  sup- 
posed to  contain  the  protoxide  of  silicon,  SiO,  and  tw9  others  (p.  276),  which  may  bo 
formulated  as  hydrates  of  a  tetrasilicic  oxide — viz.,  Si*H*0*  «  Si*0.2H*0,  and 
Si'H*0»  =  Si'0.4lP0. 

0.  Leucone,  Si^H*0*  =  3Si0.2H»0.  (Wohler  and  Buff,  Ann.  Ch.  Pharm.  civ: 
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when  dry,  gires  off  hydrogen  in  contact  with  ammonia,  and  when  heated  by  itself 
evolres  hydnc  sclenide  and  selenium,  without  explosion.    (Wohl  er.) 

SZZiXCOSr,  BV&raXDBS  or.  The  disulphide,  SiS^  \a  produced  by  the 
action  of  carbonie  disulphide  on  silica  at  high  temperatures,  or  more  easily  by  passing 
the  rapour  of  carbonic  disulphide  orer  a  heated  mixture  of  silica  and  carbon,  prepared 
'  '  moulding  a  mixture  of  silica  and  lampblack  with  oil  into  balls  and  igniting  them. 
le  sulphioe  of  silicon  is  deposited  in  the  colder  parts  of  the  tube,  in  long,  white, 
cy,  flexible,  asbestiform  needles,  which  may  be  volatilised  in  a  stream  of  gas.  In 
mtact  with  moist  air,  or  when  heated  in  aqueous  Tapnour,  it  decomposes  quiokly  into 
sulphydric  acid  and  amorphous  anhydrous  silica,  which  remains  in  the  form  of  the 
sulphide.  In  water  it  dissolves  completely,  with  evolution  of  sulphydric  acid,  and  the 
solution,  left  to  evaporate  in  the  air,  deposits  the  silica  as  a  transparent  vitreous 
hydrate  resemblinff  opal.  Alcohol  and  ether  act  upon  sulphide  of  silicon  even  in  the 
cold,  forming  sulpnuretted  oi^nic  compounds.  It  is  not  decomposed  by  heating  in 
hydrogen  gas.  Nitric  acid  decomposes  it,  with  separation  of  sulphur,  and  formation  of 
sulphuric  acid  and  silica.     (Frimy,  Ann.  Ch.  Phys.  [3]  xxxviil.  314.) 

Silicohydric  sulphide,  S\*B*0*t  analogous  to  the  oxygen-compound  y,  is  pro- 
duced by  the  action  of  excess  of  aqueous  sulphurous  acid,  mixed  with  a  little  hydro- 
chloric acid,  on  silicide  of  calcium,  and  separates  in  reddish-brown  lamins,  while  the 
linuitl,  which  is  brownish  at  first,  suddenly  becomes  milky  from  separated  sulphur. 
'When  dried  in  a  vacuum  and  freed  from  sulphur  by  sul{^ide  of  carbon,  it  forms  a  light- 
brown  powder  with  a  greenish  tinge.  It  smells  persistently  of  sulphydric  acid,  bums 
like  gunpowder  when  heated  in  the  air,  and  explodes  violently  when  heated  in  a  tube, 
with  incandescence  and  evolution  of  sulphydric  acid.  When  cautiously  heated  it  gives 
ofT  sulphydric  acid,  and  the  residue,  which  is  no  longer  explosive,  evolves  more  sulphy- 
dric acid  in  contact  with  water.  With  ammonia  it  rapidly  gives  off  hydrogen,  and  is 
convert^  into  a  white  mixture  of  silica  and  sulphur.     (Wohler.) 

BZXiXCOV,  SV&PBOOnOKZBB  OF.  Si'S^Cl"?  (Pierre,  Ann.  Ch.  Pharm. 
Ixix.  73.) — Obtained  by  passing  a  mixture  of  silicic  chloride  vapour  and  perfectly 
dry  sulphydric  acid  gas  through  a  red-hot  porcelain  tube,  collecting  the  product 
in  a  cooled  U-tube,  leaving  the  liquid  to  clarify,  then  distilling  it,  and  collecting 
apart  that  which  passes  over  between  90^  and  100^.  It  is  a  colourless,  transparent, 
mobile  liquid,  having  a  pungent  odour,  boiling  at  100^,  and  distilling  without  residue. 
Specific  gravity  »  1*45.  It  is  decomposed  by  water,  yielding  sulphydric  and  hydro- 
chloric acids,  silica,  and  firee  sulphur. 

SZlbZCOWff  TBZiXiinuaiSS  of.  A  silicohydric  telluride,  analogous  to 
the  sulphur-compound  above  described,  is  produced  by  treating  ailicide  of  calcium  with 
a  dilute  solution  of  tellurous  acid  in  hvdrochloric  acid.  It  is  a  greyish-black  powder, 
inodorous  after  drying.  When  heated  it  gives  off  hydrogen  and  tellurium,  without 
explosion,  and  leaves  a  shining  black  residue,  probably  telluride  of  silicon,  which 
when  treated  with  ammonia  or  soda-ley,  gives  off  hydrogen  and  forms  a  purple-red 
solution  of  alkaline  telluride.    (W  o  h  1  e  r.) 

snxQlFA  BVXCZS,  the  so-called  St,  JohrCs-bread,  consists  of  the  pods  of  Cera- 
tonia  Siliqua  (L.),  a  tree  indigenous  in  the  South  of  Europe  and  the  Levant.  The 
kernels  are  enveloped  in  a  sweet  marrow>like  substance,  which  has  been  analysed  by 
Reinsch  f  Jahrb.  pr.  Pharm.  v.  201)  and  Mercer  (Phann.  J.  Trans.  1867,  p.  469;, 
with  the  following  results : — 

Refntcb.  Mercer. 

Glucose      .        .        .        .        «        41*2  47'6 

Albumin    .        .        «        .        .        20*8  3*2 

Mucus        .......  4'7 

Gum ......         10*4 

Pectin        .....  7-2 

Tannin 2*0 

Fibrin 6*2  and  starch  21*5 

Water 12*0  21*0 

Chlorophyll,  Oil,  Starch,  and  Ash         2*0  2*0 

By  fermenting  the  pods,  Mercer  obtained  a  quantity  of  brandy,  amounting  to  one- 
fourth  of  their  weight.  Redtenbacher  found  butyric  aCid  in  the  pods.  Reinsch  found, 
in  160  pts.  of  the  kernels,  8  pts.  starch,  2  sugar,  V5  fatty  oil,  together  with  albumin, 
fibrin,  wax,  colouring  matter,  woody  fibre,  and  other  substances. 

The  fibrous  substance  in  which  the  silkworm  (the  liura  of  Pkal<ena  Bomhi/x 
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rend.  Ixviii.  362).    The  metal  iff  TolatiliBed  more  readily  in  the  presence  of  arsenical 
and  other  Tapours  than  when  heated  alone. 

Silver  does  not  combine  with  oxygen  at  the  ordinary  temperature,  or,  under  ordinary 
circumstances,  when  heated  in  contact  with  atmospheric  air.  When  the  metal  is 
melted  upon  ignited  charcoal  under  a  jet  of  oxygen,  it  bums  with  a  conical  flame, 
yellow  below,  purple  at  the  middle,  and  blue  above,  while  vapours  of  silver  oxide  are 
produced  (Vauquelin).  Silver  is  also  oxidised  under  the  influence  of  the  electric 
spark ;  and  when  pulverulent,  it  is  converted  into  peroxide  by  ozonised  oxygen 
(Schonbein).  When  silver  is  melted  in  contact  with  alkaline  or  earthy  silicates,  it  is 
oxidised  to  some  extent  and  dissolved  by  the  melted  silicate.  This  is  also  the  case 
when  the  finely  divided  metal  is  ignited  with  (^upric  oxide,  or  with  arsenic  or  antimony: 
in  the  former  case,  cuprous  oxide  is  formed ;  in  the  latter  case,  the  silver-oxide  com- 
bines with  some  arsenic  or  antimonic  acid,  and  the  more  minutely  the  silver  is  divided 
the  more  readily  does  this  oxidation  take  place.  It  is  probable  that  silver  is  also 
oxidised  to  some  extent  in  cupellation,  and  that  the  loss  of  silver  experienced  in  that 
operation  is  mainly  due  to  oxidation,  the  silver-oxide  being  in  part  volatilised,  tc^ether 
with  the  lead  fumes,  and  in  part  dissolved  by  the  melted  lead-oxide,  and  absorbed  by 
the  cupel. 

Silver  undergoes  no  change  when  heated  in  contact  with  melted  alkaline  nitrates  or 
caustic  alkalis,  and  for  this  reason  silver  crucibles  are  very  useful  in  chemical  opera- 
tions with  those  substances  which  react  with  platinum  under  similar  conditions. 

When  silver  is  kept  melted  for  some  time,  at  a  high  temperature,  in  contact  with 
atmospheric  air,  it  absorbs  oxygen  gas,  and  holds  it  in  solution  imtil  just  before  the  metal 
beeins  to  solidify  on  cooling.  The  gas  is  then  suddenly  disengaged  with  effervescence, 
And  particles  of  the  metal  are  liable  to  be  spirted  or  projected  out  of  the  crucible. 
The  presence  of  a  small  amount  of  copper  in  the  melted  metal  prevents  the 
absorption  of  oxygen.  Silver  is  capable  of  dissolving  in  this  way  22  times  its  volume 
of  oxygen. 

Silver  combines  readily  with  sulphur,  selenium,  phosphorus^  and  arsenic.  It  de- 
oomposes  sulphuretted  hyarogen  even  at  the  ordinary  temperature,  and  the  surface  of 
the  metal  becomes  covered  with  a  brown  or  black  film  of  silver-sulphide.  The  dis- 
coloration of  silver  utensils  and  ornaments  by  exposure  to  the  atmosphere  generally 
consists  in  the  formation  of  such  a  film  of  sulphide  or,  in  some  instances,  of  phosphide. 
Such  stains  may  be  removed  by  moistening  the  suiface  with  a  solution  of  alkaline 
cyanide  and  then  washing  well  with  water.  When  the  discoloration  is  very  consider- 
able, it  may  be  removed  by  immersing  the  metal  in  a  boiling  saturated  solution  of 
borax  or  strong  caustic  alkali,  and  placing  a  plate  of  zinc  in  contact  with  it  for  some 
time  (Bottgef,  Dingl.  polyt.  Joum.  cxliii.  464).  When  heat  can  be  applied  to 
the  discoloured  metal,  the  silver-sulphide  may  be  decomposed  by  heating  it  to  redness. 
The  best  mode  of  preventing  such  discoloration  of  silver  articles  when  not  in  use,  is  to 
wrap  them  in  paper  coated  with  white  lead. 

Chhrine,  bromine,  and  iodine  combine  with  silver,  even  at  the  ordinary  temperature. 
Hydrochloric  acid  in  solution  has  but  little  action  on  metallic  silver,  unless  it  be  heated 
to  the  boiling-point  with  the  very  finely  divided  metal ;  the  gas  is  decomposed  by  silver 
at  a  red  heat,  silver-chloride  being  formed.  Under  similar  conditions  the  vapours  or 
other  chlorides  are  decomposed  by  metallic  silver.  Sodium- chloride  iffnited  with  pre- 
cipitated silver  is  decomposed,  and  the  silver  almost  entirely  converted  into  chloride  ; 
but  when  the  metal  is  in  large  pieces,  the  formation  of  silver-chloride  is  merely  super- 
ficial, unless  the  salt  is  melted,  and,  by  the  consequent  solution  of  the  chloride,  a  fresh 
surface  becomes  exposed.  Silver  kept  melted  under  sodium-chloride,  gradually  decreases 
in  weight,  owing  to  the  formation  of  silver-chloride,  and  in  two  or  three  hours  the  loss 
may  amount  to  2  or  3  per  cent.  (G.  Rose).  If  alkaline  carbonate  be  mixed  with  the 
sodium-chloride,  this  reaction  is  prevented.  Aqueous  solutions  of  alkaline  chlorides 
gradually  react  with  silver,  producing  silver- chloride,  which  dissolves  in  the  form  of 
a  double  chloride.  Solutions  of  cupric  chloride  and  other  chlorides  convert  silver 
into  chloride. 

Dilute  sulphuric  acid  does  not  react  with  silver,  but  strong  sulphuric  acid  is  decom- 
posed when  heated  with  it,  3rielding  silver-sulphate  and  sulphurous  acid  gas.  Nitric  acid 
reacts  with  silver,  even  at  the  ormnary  temperature,  dissolving  it  and  yielding  silver 
nitrate  and  nitric  oxide.    It  is  the  best  solvent  of  silver. 

The  saline  compounds  of  silver  are  mostly  colourless,  except  when  the  electro-negative 
constituent  they  contain  is  coloured.  Both  the  soluble  and  insoluble  compounds  of  this 
metal  are  blackened  by  sunlight  and  decomposed,  some  silver  being  reduced.  Most 
silver  compounds  are  decomposed,  with  reduction  of  the  metal,  by  the  action  of  heat. 

Occurrence. — Silver  occurs  both  in  the  metallic  state,  and  in  combination,  chiefly 
with  sulphur,  also  with  chlorine,  other  metals,  &c.  Ores  of  other  metals  frequently 
contain  silver  (Malaguti  and  Durocher,   Compt,  rend.  xxix.  689;  Ann.   Min. 
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About  fifteen  days  after  the  first  portion  of  mercniy  has  been  added,  it  will  have 
combined  with  enough  silver  to  form  a  pasty  amalgam ;  then  a  further  quantity  is 
added,  and  after  another  interval  of  rest,  the  third  portion  is  added.  This  operation 
lasts  altogether  two  or  three  months,  according  to  the  nature  of  tlie  ore,  the  tempera- 
ture, &c  If  the  amalgam  is  pasty  at  the  end  of  the  operation,  a  further  quantity  of 
mercury  is  added  to  liquefy  it,  and  the  whole  mass  is  washed  with  water  in  lai^e 
wooden  vats  fitted  with  paddles  on  vertical  shafts.  The  amalgam  thus  separated  is 
pressed  in  sacks  to  strain  off  excess  of  mercury,  and  then  distilled. 

At  some  places  this  method  of  treatment  is  practised  without  the  use  of  magistral, 
and  merely  with  salt  and  mercury.  In  those  instances  it  is  probable  that  the  ores 
contain  sufficient  sulphides  for  the  production  of  cupric  or  ferrous  sulphates  by  the 
action  of  atmospheric  oxygen  during  the  mechanical  preparation  of  the  ore. 

The  ores  worked  in  this  way  in  South  America  and  Mexico  are  generally  sorted,  so 
as  to  contain  from  20  to  40  ounces  of  silver  to  the  ton,  the  richer  parts  being  picked 
out  and  smelted. 

The  consumption  of  mercury  in  decomposing  silver-chloride,  and  the  waste  attending 
the  several  operations,  are  said  to  amount,  in  the  Mexican  method,  to  about  twice  the 
weight  of  the  silver  obtained.  It  has  been  proposed  to  recover  the  mercury  left  in  the 
washed  residue  as  mercurous  chloride  by  treating  it  with  hypochlorite  of  calcium  or 
nitrate  of  sodium,  and  then  adding  excess  of  hydrochloric  acid  so  as  to  convert  the 
mercurous  chloride  into  mercuric  chloride,  which  could  be  washed  out,  and  the  mercuxy 
precipitated  by  copper,  while  the  solution  of  cupric  chloride  thus  obtained  would  serve 
in  the  place  of  magistral  for  subsequent  working. 

Since  the  decomposition  of  silver-chloride  may  be  effected  in  the  wet  way  by  contact 
with  other  metals  besides  mercury,  the  consumption  of  mercury  in  that  way  might  be 
prevented.  With  this  object  De  Lecca  proposed,  in  1686,  to  modify  the  treatment  by 
usin^  iron  plates  together  with  the  mercury,  but  this  suggestion  was  little  regarded  at 
the  tune. 

For  the  amalgamation  of  rich  ores,  Alonso  Barba  devised  a  method  with  the 
same  object,  which  consisted  in  grinding  the  ores  in  copper  pans  with  successive 
additions  of  salt,  magistral,  and  mercury.  The  silver-chloride  being  in  this  case 
decomposed  by  copper,  less  mercury  was  requisite ;  but  the  extraction  of  the  silver 
was  incomplete. 

2.  European  Amalaamaium. — The  method  of  extracting  silver  from  its  ores  by  means 
of  mercury  was  made  known  in  Europe  about  the  mid(fie  of  the  seventeenth  century, 
and  Barba's  modification  of  it  was  the  starting-point  from  which  it  came  to  be 
adopted.  The  first  attempts  to  work  silver-ores  by  amalgamation  were  made  in  the 
Austrian  States  by  v.  B  or  n,  and  after  successive  improvementA,  works  were  also  erected 
at  Freiberg,  Neusohl,  and  other  places  on  the  Continent,  where  it  was  extensively 
practised. 

The  principal  points  of  difference  from  the  Mexican  method  are : — 1.  The  conversion 
of  the  silver-compounds  in  the  ore  into  chloride  by  treatment  in  the  dry  way  by 
roasting  with  salt;  2.  The  decomposition  of  the  silver-chloride  by  copper  or  iron 
instead  of  mercury. 

The  silver  ores  which  are  treated  by  amalgamation  in  Saxony  contain  silver-sulphide 
combined  or  mixed  with  arsenical  and  antimonial  sulphides,  pyrites,  blende,  &c. 
Both  rich  and  poor  ores  can  be  worked  by  this  method  with  equal  advantage ;  but 
since  the  proportion  of  salt  and  mercuxy  to  be  used  would  depend  upon  the  amount  of 
silver  in  the  ores,  and  since  this  vanes  from  20  to  600  ounces  per  ton,  the  ore  is 
sorted,  so  that  the  mass  to  be  operated  upon  may  contain  from  60  to  70  ounces  of 
silver  per  ton,  and  a  uniform  mode  of  treatment  may  be  adopted. 

It  is  necessary  that  the  ore  should  contain  sulphides  in  sufficient  amount  to  produce 
the  requisite  chemical  reactions  during  the  roasting,  and  to  ascertain  whether  this  is 
the  case,  a  portion  is  melted  with  glass,  borax,  and  resin  in  an  assay-crucible  under  a 
cover  of  sodium-chloride.  It  should  yield  about  30  per  c^nt.  of  matt  When  there  is 
a  deficiency  of  sulphides,  iron-pyrites  or  ferrous  sulphate  is  to  be  mixed  with  the  ore. 

In  the  preparatoiy  treatment,  the  finely-ground  ore  is  roasted  with  10  or  12  per  cent, 
of  common  salt  in  a  reverberatory  furnace.  The  charge  is  put  into  the  furnace  moist, 
gently  heated  at  first,  and  stirred  continually  until  it  is  dry,  so  as  to  prevent  its 
caking  ;  it  is  then  raked  up  into  a  heap  along  the  hearth,  and  after  the  lumps  have 
been  broken,  it  is  spread  out  evenly,  and  stirred  about  while  the  heat  is  being  increased 
to  redness.  This  stage  of  the  operation  (At^euem)  generally  occupies  about  two 
hours.  Meanwhile  steam  and  some  vapours  of  arsenic  and  antimony  are  given  off. 
As  the  temperature  rises  to  redness,  the  sulphides  begin  to  be  decomposed  by  reacting 
with  atmospheric  oxygen,  and  then  the  combustion  of  the  sulphur  generates  so  much 
heat  that  no  fresh  fuel  is  required  to  keep  up  the  temperature  during  this  stage  of  the 
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cent,  silver,  with  varying  amounts  of  copper,  lead,  antimony,  &c.    The  strained  mer- 
cury contains  about  one  ounce  of  silver  in  the  hundredweight. 

The  sludgy  mass  {tailings)  remaining  in  the  amalgamating  casks  still  contains 
disseminated  particles  of  amalgam  and  mercury.  It  is  run  into  a  wash-tun  {agitator , 
Waschbottiffe,  cuve),  mixed  with  a  large  quantity  of  wat«r  and  stirred  with  paddles. 
The  amalg^  which  collects  at  the  bottom  of  the  agitator  is  much  more  impure  than 
that  taken  direct  from  the  casks.  The  lighter  portion  of  the  tailings  is  run  off  from 
side-openings  at  different  levels  of  the  agitator,  and  the  heaviec  portion  is  again  treated 
with  mercury  in  the  casks,  or  dried,  ignited,  and  used  in  the  sm^ting-works.  It 
sometimes  contains  140  ounces  of  silver  per  ton.  The  finer  portion  of  the  tailings 
also  contains  some  silver,  irom  2  to  5  oimces  per  ton. 

The  mother-liquor  from  the  tailings  contains  sodium-chloride  and  sulphate,  with 
other  salts,  such  as  ferrous  and  manganous  sulphates,  small  quantities  of  phosphates, 
arsenates,  and  fluorides,  &c  It  is  concentrated  in  leaden  pans,  or  firosen  in  winter  to 
obtain  the  sodium-sulphate. 

The  loss  of  silver  and  mercury  in  this  operation  is  subject  to  great  variation ;  the 
former  amounts  to  about  6  or  10  per  cent,  of  the  quantity  contained  in  the  ore.  Of 
this  from  2  to  4  per  cent,  ifl  either  volatilised  in  the  roasting,  or  lost  in  the  grinding 
and  sifting  of  the  ore,  and  in  melting  the  metal.  From  3  to  5  per  cent,  of  the  silver 
generally  remains  in  the  tiUings.  A  small  portion  of  the  mercuzy  is  converted  into 
mercuroui  chloride,  vhich  M  not  decomposible  by  iron.  Much  more  remains  mechani- 
cally disseminated  among  Uw  tailings,  and  is  washed  away  in  the  mother-hquor.  The 
presence  of  lead,  arsenic,  and  other  metals,  which  are  easily  reduced  and  amalgamated, 
augmenta  considerably  the  waste  of  mercury.  At  Freiberg  it  amounts  to  about  fifteen 
ounces  per  ton  of  ore,  and  87  per  cent  of  that  is  washed  away  in  the  mother-liquors,  or 
remains  in  the  tailings. 

The  advantages  of  the  amalgamation  method  over  smelting,  consist  in  the  smaller 
loss  of  silver,  the  greater  simplicity  of  the  operations,  the  more  rapid  extraction  of  the 
metal,  saving  in  fuel,  and  the  absence  of  injurious  vapours.  On  the  other  hand,  it  is 
not  applicable  to  ores  containing  lead  or  copper.  Although  lead  amalgamates  very 
readily  when  in  the  metallic  state,  still  in  the  treatment  of  ores  containing  lead,  only  a 
small  part  of  this  metal  is  amalgamated.  This  is  probably  because  very  little  of  the 
lead  is  reduced,  the  greater  part  remaining  in  the  state  of  chloride  or  sulphate,  which 
are  not  decomposed  unless  there  is  a  very  large  excess  of  iron  in  the  amalgamating 
casks.  Copper  is  partiv  taken  up  by  the  mercury,  and  part  remains  in  the  tailings.  U 
these  are  not  sufiSciently  rich  to  be  worked,  that  portion  of  the  copper  is  lost.  Conse- 
quently, ores  containing  more  than  7  per  cent  of  lead  or  1  per  cent,  of  copper  are  not 
treated  by  the  amalgamation  method. 

Auriferous  silver-ores  likewise  cannot  be  advantaeeously  worked  by  this  method, 
because  the  greater  part  of  the  gold  remains  in  the  tailinps  after  amalgamation,  and  is 
lost.  Comparative  trials  have  shown  that  silver  obtained  from  such  ores  by  smelting, 
contained  more  than  twice  as  much  gold  as  that  obtained  by  amalgamation.  The 
reason  of  this  is,  that  though  gold  amalgamates  very  readily  with  mercury,  still  in  the 
treatment  of  silver-ores  by  this  method,  it  is  less  rapidly  acted  upon  than  the  silver, 
which  is  reduced  from  the  silver-chloride  in  a  finely -divided  spongy  state,  favourable  to 
its  amalgamation. 

The  nature  of  the  earthy  ingredienta  of  the  ore  has  also  some  influence  on  the 
working :  thus  clav  renders  the  mass  tenacious  in  the  amalgamation ;  heavy  spar 
makes  it  dense;  calcareous  substances  reduce  the  consumption  of  iron  and  of  mercury 
by  decomposing  the  chlorides,  but  they  also  lessen  the  vield  of  silver.  In  this  respect 
a  judicious  admixture  of  quartzose  and  calcareous  ores  is  most  advantageous. 

The  method  of  amalgamation  is  applied  not  only  to  silver-ores  but  also  to  the  matt 
(Kupferstein)  and  the  coarse  copper  (Schwartskupfer)  obtained  in  smelting  argenti- 
ferous copper-ores.    (See  Copfbs,  ii.  31.) 

In  the  Mansfield  district,  silver  was  formerly  extracted  in  this  way  from  copper- 
matt,  after  it  had  been  roasted  with  salt  to  convert  the  silver  into  chloride.  The 
tailings  were  afterwards  smelted  with  quartz,  fluor-spar,  and  slag  to  obtain  the 
copper. 

At  Schmollnitz,  in  Hungary,  black  copper,  containing  firom  85  to  89  per  cent  of 
copper,  and  200  or  300  ounces  of  silver  per  ton,  is  worked  by  amalgamation.  The 
metal  is  reduced  to  powder  by  stamping  while  red-hot  and  then  grinding.  It  is 
mixed  with  from  7  to  9  per  cent,  of  salt,  and  roasted  in  a  reverberatory  furnace.  The 
amount  of  sulphur  in  the  metal,  being  no  more  than  from  0*5  to  1  per  cent.,  would  be 
insufficient  in  this  case  to  determine  evolution  of  chlorine  by  its  oxidation  to  sulphuric 
acid  ;  consequently  the  production  of  silver-chloride  in  the  roasting  must  )>e  effected 
chiefly  by  the  reaction  of  sodium-chloride  with  the  metal. 
Th4«  silver-chloride  is  decomposed  by  means  of  copper,  and   the   amalgam nt ion 


286  SILVER  ALLOYS. 

Tats  containing  precipitated  copper,  which  separates  the  silver,  while  a  solution  of 
copper  is  produced,  from  which  the  copper  is  recovered  in  a  state  fit  to  be  used  again,  by 
passing  through  another  series  of  vats  containing  iron.  The  liquor  from  which  the 
copper  has  been  precipitated,  is  left  for  some  time  exposed  to  the  air,  till  a  great  paot 
of  the  iron  has  been  deposited  as  a  basic  ferric  salt;  it  then  contains  some  sodium- 
BulphUte  produced  in  the  roasting,  and  is  either  evaporated  to  obtain  that  salt,  or 
treated  with  calcium-chloride  to  furnish  sodium-chloride  for  future  use.   (Augustin.) 

A  still  more  simple  and  inexpensive  method  of  extracting  silver  is  based  upon  tho 
facts  that  silver-sulphate  is  soluble  in  water,  and  that  it  requires  a  higher  temperature 
for  decomposition  than  any  of  the  other  soluble  sulphates  containing  heavy  metals 
which  are  produced  during  the  roasting  of  copper-matt  or  of  silver-ores  with  pyrites. 
The  success  of  this  method  of  treatment  depends  mainly  on  the  proper  roasting  of  the 
material  from  which  silver  has  to  be  extracted,  so  that  the  whole  of  the  silver  may  be 
obtained  in  the  state  of  sulphate,  while  the  cnpric  and  ferrous  or  ferric  sulphates  are 
decomposed.  In  the  roasting  the  heat  is  to  be  gradually  raised  during  the  space  of 
three  or  four  hours  to  dull  redness,  and  lastly  increased  within  about  two  hours  to  cherr}-- 
red.  The  progress  of  the  roasting  is  ascertained  from  time  to  time  by  testing  a 
portion  of  the  charge  with  water.  It  should  give  a  faintly  bluish  soldtion,  and  the 
amount  of  silver  rendered  soluble  may  be  estimated  volumetrically  with  a  salt-solution 
of  known  value.  When  the  proper  condition  has  been  reached,  the  charge  is  drawn 
from  the  furnace  and  digested  with  water,  and  the  silver  is  precipitated  from  the  solution 
by  copper.     (ZiervogeL) 

The  average  loss  of  silver  by  this  method  is  said  to  be  only  8  per  cent. 

The  use  of  alkaline  hyposulphite  has  been  proposed  as  a  solvent  for  silver-chloride 
in  the  working  of  ores,  &&,  the  silver  being  precipitated  from  the  solution  as  silver- 
sulphide  by  means  of  alkaline  sulphide,  while  a  solution  of  hyposulphite  is  repro- 
duced.   (Percy.) 

In  the  case  of  very  poor  argentiferous  materials,  such  as  the  residue  from  the 
burning  of  pyrites  in  the  manufacture  of  sulphuric  acid,  it  has  been  proposed  to 
Tolatilise  the  silver  as  chloride,  and  collect  it  in  condensers. 

When  the  silver  obtained  by  this  method  is  very  impiure,  it  is  sometimes  purified  by 
cupellation  with  lead.  Attempts  have  been  made  to  separate  the  metals  with  which 
the  silver  is  alloyed,  by  digesting  with  dilute  sulphuric  acid  in  leaden  pans,  the  residue 
left  by  distillation  after  it  has  been  heated  to  redness  in  contact  with  atmospheric  air. 
By  repeating  this  treatment  several  times,  a  large  portion  of  the  foreign  metals  are 
separated,  but  the  purification  is  incomplete  and  the  cost  is  considerable.  More  fre- 
quently the  silver  is  refined  by  melting  in  cast-iron  crucibles.  By  this  means  the 
roreign  metals  are  oxidised  and  fo/m  a  slag,  which  floats  on  the  surface  of  the  melted 
silTer  and  is  skimmed  off.  Some  charcoal-powder  is  then  sprinkled  on  the  metal,  the 
crucible  covered,  and  the  heat  kept  up  for  a  time,  the  metal  being  stirred  in  the  mean- 
while with  an  iron  rod.  When  the  charcoal  is  consumed,  this  operation  is  repeated 
until  the  metal  exhibits  the  required  degree  of  purity.  It  is  then  cast  into  ingots. 
This  refined  metal  ought  not  to  contain  less  than  70  per  cent.  silTer,  and  the  ^oy 
should  consist  entirely  of  copper. 

The  refuse  of  the  refining  is  melted  with  potash  and  some  nitre  under  sodium-chlo- 
ride, and  a  silver  regulus  is  obtained,  together  with  a  rich  matt,  which  is  mixed  with 
the  ore  for  amalgamation,  and  a  slag  which  is  sent  to  the  smelting- works.     B.  H.  P. 

SZLVSS  AXAOTB.  For  most  of  the  useful  purposes  to  which  silver  is  applied, 
the  pure  metal  would  be  too  soft  to  resist  sufficiently  the  wearing -away  of  the  surface 
by  friction.  The  presence  of  a  small  amount  of  copper  in  the  metal  very  considerably 
increases  its  hardness,  without  much  affecting  the  colour,  and  consequently  silver  is 
generally  used  in  the  state  of  an  alloy  with  copper. 

Silver  may  be  alloyed  with  most  other  metals.  None  of  the  alloys  are  so  soft  and 
ductile  as  pure  silver,  though  generally  more  so  than  the  metal  with  which  it  is  alloyed. 
The  presence  of  small  quantities  of  other  metals — such  as  antimony,  arsenic,  bismuth, 
tin,  and  zinc— renders  silver  brittle  and  liable  to  crack  when  rolled,  but  to  a  less  extent 
than  is  the  case  with  gold  or  even  with  copper. 

1.  With  Aluminium. — The  alloys  of  these  metals  are  much  harder  than  pure 
aluminium,  and  when  the  aluminium  amounts  to  twice  as  much  as  the  silver,  they  are 
oven  more  fusible  than  aluminium,  and  mav  therefore  be  used  for  soldering  that 
metal.  The  alloy  containing  3  per  cent,  of  silver  is  not  acted  upon  by  sulphuretted 
hydrogen :  that  containing  6  per  cent,  of  silver  has  a  fine  white  colour,  takes  a  good 
polish,  has  about  the  same  degree  of  hardness  as  British  standard-silver,  and  is  tole- 
rably malleable.     Equal  parts  of  aluminium  and  silver  give  a  brittle  alloy. 

2.  With  Antimony. — A  very  small  proportion  of  antimony  alloved  with  silver  is 
sufficient  to  render  the  metal  liable  to  crack  in  rolling.  Alloys  of  silver  and  antimony 
occur  as  minerals. 
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remainder  of  the  litharge  and  the  alkaline  carbonate  combine  with  the  silicions  and 
earthy  ingredients  of  the  ore,  forming  a  slag. 

Ores  containing  sulphur  or  arsenic  maj  be  melted  with  litharge  alone  in  sufficient 
proportion  to  oxidise  those  substances,  and  the  lead  reduced  at  the  same  time  will  be 
sufacient  to  dissolve  the  silver.  If  the  amount  of  sulphide  should  be  very  lai^e  in 
proportion  to.  the  silver,  it  is  better  to  separate  some  of  the  sulphur  by  roasting  the 
ore,  or  to  oxidise  it  by  melting  it  with  nitre  before  the  treatment  with  litharge. 

Argentiferous  galena  may  be  assayed  by  melting  it  with  one-and-a-half  times  its 
weight  of  black  flux,  and  about  one-fourth  its  weight  of  small  iron  nails,  to  obtain  a 
button  of  metal.  Or  it  may  be  melted  with  three  or  four-tenths  of  its  weight  of  nitre, 
which  oxidises  the  sulphur,  forming  potassium-sulphate,  while  the  lead  and  silver  are 
reduced.  The  addition  of  sodium-carbonate  or  litharge  as  a  flux  is  often  necessary  and 
(K>nvenient  in  moderating  the  reaction  between  the  nitre  and  sulphides. 

The  button  of  metal  obtained  by  any  of  these  operations  consists  of  an  alloy  of 
silver  and  lead.  The  separation  of  these  metals  is  effected  by  eupdlation  {coupdlation  ; 
Abtreibcn).  This  operation  is  founded  on  the  fact  that  when  such  an  alloy  is  melted 
and  exposed  to  a  current  of  atmospheric  air,  the  lead  is  oxidised,  while  the  silver 
remains  unsdtered.  The  separation  of  the  lead  is  &cilitated  by  melting  the  alloy  upon 
a  cuptl  (coupelle ;  CapeUe),  made  of  bone-earth  powder  compressed  so  as  to  be  suffi- 
ciently porous  to  absorb  about  its  own  weight  of  melted  lead-oxide,  which  is  thus 
removed  from  the  metal  as  the  oxidation  advances,  until  at  last  there  remains  only  the 
pure  silver. 

In  the  assay  of  argentiferous  copper-ores,  the  first  step  is  to  obtain  a  button  con- 
taining the  entire  quantity  of  both  metals.  For  this  purpose  ores  which  do  not  contain 
sulphur,  arsenic,  or  antimony,  but  consist  chiefly  of  oxygen-compounds  of  copper  with 
earthy  admixtures,  may  be  melted  at  once  with  black  flux  sufficient  to  reduce  the  metal, 
and  with  a  flux  to  convert  the  earthy  ingredients  into  liquid  slag.  Borax  or  litharge 
may  be  used  as  the  flux,  care  being  taken  to  avoid,  in  the  one  case,  loss  by  intumes- 
cence, and,  in  the  other,  the  reduction  of  much  lead  in  proportion  to  the  silver  and 
copper. 

Argentiferous  copper-ores  containing  sulphides  must  be  first  roasted  by  gradually 
heating  the  powdered  ore  in  a  shallow  capsule,  until  sulphurous  acid  is  no  longer  given 
off.  Great  care  must  be  taken  at  first  to  prevent  any  partial  fusion  of  the  ore,  and, 
when  arsenic  is  present,  it  must  be  very  slowly  volatilised — otherwise  the  yapour  may 
carry  away  some  silver.  After  the  ore  is  fully  oxidised,  the  heat  is  to  be  raised 
sufficiently  to  decompose  the  sulphates  produced.  The  roasted  ore  may  then  be  melted 
with  three  or  four  times  its  weight  of  olack  flux.  The  button  of  copper  and  silver 
thus  obtained  is  cupelled  with  lead,  to  separate  the  copper  from  the  silver,  and  the 
silver  is  weighed. 

1 .  Siltfer  Assay  in  the  dry  way :  Cupdlation. — ^The  assay  of  alloys  of  silver  and 
copper  by  cupellation  is  of  considerable  practical  importance.'  When  such  alloys  are 
melted  in  contact  with  atmospheric  air,  the  copper  is  oxidised,  as  in  the  case  of  an 
alloy  of  silver  and  lead :  but  the  copper-oxide  being  infusible  at  the  temperature,  it 
cannot  be  absorbed  by  the  cupel,  and  its  separation  requires  a  solvent.  For  this 
reason  lead  is  added  in  the  cupellation  of  silver  alloys  containing  copper :  it  serves  a 
twofold  purpose — facilitating  the  fusion  of  the  alloy  by  actins  the  part  of  a  solvent  to 
it  at  a  temperature  much  below  the  melting-point  of  either  silver  or  copper,  while  the 
oxide  it  yields  during  the  cupellation  melts,  and  dissolves  the  copper-oxide  produced 
at  the  same  time. 

Karaten's  Table  {^.  289). 


Lead. 

Copper. 

Copper  remaining  after 
Cupellation. 

Absorbed  as  Oxides  bj  the  Cupel. 

Lead. 

Copper. 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1050 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

78-75 

70-12 

60*12 

4940 

38-75 

26-25 

19-75 

8-75 

5-62 

1-25 

0- 

500 
710 
7-70 
7-90 
8-10 
815 
800 
8-70 
9-50 
1010 
10-60 
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and  another  neasare  of  deomal  golotioa  added — iMb  opentioQ  beine  irpaitcdDatil  do 

fnitheT  pi«cipitat«  is  produired.   SuppoBmg  each  cubic  centiinetre  of  decimal  solationto 

ba  e^njiraleat  li>  1  milligramme  of  Bilrer,  and  100  cubic  centinietreB  of  the  nomiBl  tolotiou 

U)  predpitaM  exactly  1  gnunme  of  eilTer,  the  qmuitity 

Fig.  749.  of  ,ii,er  would  be  found  by  adding  to  1000,  the  number 

of  cubic   cantimelreB  of    decimal    eolation   requiaite  to 

completo  the   pcecipilotioa.     If,  for  inetance,  a  certain 

qoautlCj  ofalloj(;)  require*,  over  and  above  the  lOOcuUe 

centimxtrcB  of  nocmal  solution,  6  cubic  centimetres  of 

decimal  eoIutiOQ,  then  the  qoantit;  (x)  of  ailTer  would  be 

1  ■don  grm.  The  percentBge  (x  )  of  ailier  in  the  alloj  maj 

then  be  found  by  a  aimple  calculatios: 

y  :  1000  -  x:  g 
And  when,  aa  id  the  aaaay  of  alloys  (hat  are  Mpposed  to 
be  tolerably  uniform  io  v^ue,  ;  isa  couBtant  quantity  cod- 
taining  as  a  minimum  1  Rrm.  of  sUrer,  a   table   may- 
be coDetruct«l   which  will  indicate   the  silver  lalae  of 
the  alloys  in  thousandthe,  by  reference  to  nnmbers  cor- 
responding witb  the  number  of  cubic  centimetiea  of  de- 
dmal  bolution  need  in  each  instance. 
The  quantity  (o)  of  alloy  contHining  1  gim.  of  silver  will  of  course  nrj  aecoi'ding  to 
Uie  filver  value  of  the  alloy,  and  the  tables  will  relate  only  to  perticolar  alloys.     In 
thia  ronnCry  the  Btandard  of  silver  coin  is  625  pacts  of  silver  in   1000  parts  of 
alloy,  and  consequectly  1081  gnn.  should  contain  1  arm.  of  silver.    The  qoaatity  of 
alloy  taken  for  tho  assay  is  1085  grm.,  which  at  the  exact  standard  wo^d  contain 
l'DD3625   RTm.  of  silver,  and  would  then  require  3'd  cubic  cenliinetres  of  decimal 
aolntiau  to  complete  the  preoipiutioD,  and  less  or  more  according  as  the  amount  of 
ailver  in  tho  alloy  were  below  or  above  the  standard.     The  following  table  eipreaaee 
the  value  of  the  alloy,  according  to  quantity  of  decimal  solution  used,  within  the  limits 
of  Tariation  allowed  for  alanda^-aiTver : 


Qumtitye/MogMAttag  \065 ffmmnt. 

0 

I 

a 

3 

* 

S 

e 

0 

0-2B 
0-60 
076 

921-6 
fi21-0 

022'I 
922-3 

922-6 

932-8 
S23-0 
923'a 

923'fi 

82.V7 
923-9 
92-1-2 

924'4 
924-e 

926-1 

926-3 

926-8 
B25-8 
926-0 

926-2 
926  S 
926-7 
926-9 

927-2 
927-4 
927-8 
927-9 

0 

0-26 
0-50 
075 

The  DUmben  in  ibe  flnt  and  Uat  eolnmiiB  express  fractions  of  thousandths,  which  it 
is  quite  possible  to  estimate,  after  some  practice,  from  the  density  of  the  lastpredpitale 
prodacca  by  the  dedmsl  solution. 

Supposing,  as  in  llie  example  above  given,  the  quantity  of  dedmal  solution  used 
were  G  measures,  then  the  silver  value  of  the  alloy  in  thooBandlha  would  be  found  at 
the  top  of  the  cohmn  under  6,  or  926-2.  If  thefifth  measure  of  decimal  solntian  gave 
a  precipitate  equal  to  only  '0006  instead  of  001  grm.  silver,  then  the  silver  ralne 
of  the  alloy  would  be  rather  less,  and  it  would  be  found  in  the  thitd  line  of  the  column 
under  4,  corresponding  to  460  or  92A-8  thouEwndths. 

If  the  amonot  of  silver  in  any  one  of  the  alloys  is  so  much  below  the  Blandord  that 
the  measure  of  normal  solution  is  rather  mora  tban  sufBcient  to  preeipitale  all  the 
silver,  the  first  measure  of  decimal  eelution  will  not  of  ninise  give  any  precipitate. 
It  is  coBtomary  in  such  cases  to  add  two  or  three  measum  of  a  solution  of  silver, 
wfaich  is  eiartlj  equivalent  measnre  for  measure,  to  the  decimal  solution  of  salt ; 
marking  the  number  on  ihn  board  with  a  minui  sign  before  it,  and  then  adding  deci- 
mal salt  solution.  A  better  plan  is  to  repeat  tbe  assay  with  a  rather  loiger  quantity 
of  alloy. 

Since  it  is  difficult,  by  reason  of  evaporation  and  chanfjie  of  temperature,  to  wieure 
the  constant  equivalence  of  tho  moiiBiiro  of  normal  sotuIioD  to  the  quantity  of  silver 
which  it  IB  prepared  to  precipitate,  it  is  beat  never  lo  attempt  doing  so,  and  accurate 
results  ma;  be  obtained  with  grf-ater  certainty  otherwise,  for  this  purpose  the  exact 
value  of  the  measure  of  normal  solution  is  estimated  from  time  to  tJme  with  each  set 
of  asMys  by  means  of  pore  silver,  of  which  1001  grm.  is  dissolved  and  treated  with  a 
measure  of  normal  solution  as  apn»/ assay. 

If  a  measure  of  the  nonoal  eolation  should  happen  to  be  exactly  equivalent  to 
1  gm.  of  mlrrr.  than  the  first  measure  of  decimal  solution  will  prodnea  a  predpilate  in 
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hfrn-itiJm-r  i>t  k^rargtfriu,  »orfi«tim':s  in  cuVs,  octahedrons,  regular  dodecahedrODS, 
nii'l  /ifii^r  riiorioni'trir*  i',nn*^,  but  mor*-  frequently  in  waxy  masses,  sometimes  columnar ; 
iMf  r|i-ftv;it/#',  W-ATtUxi'^'h  -=  1— l'*.  Sj^yiific  gDivity  =  5-31 — 5  43  (Domeyko).  It 
hnn  ft  fi'-arJ  vvy,  MT*:*n\*^\\^  or  whiti.ih  c^^l'. or,  turning  brown  on  exposure,  and  a  resinous 
liintri)  \t'.i*\^\u\f  into  Hi\.\ms\iii\r.f:.  Sr r^nk  shining.  Translucent  in  various  degrees. 
l-'ra^'t iir/-  M'lfn'what  ryin^hr/nl.tl,  B'^r-fil*^.  KIapr*/h  found,  in  specimens  from  Tarious 
l/irsiliti#;H,  7:j  <;  to  7^  pt-r  o»-r.f.  «*ilrer:  th*?  formula  r*v^uirns  75"2o  per  cent.  Horn- 
nil  v-r  M-'-urs  ill  Xfin.Hof  i-lay-sl.it.»r,  arpompsinyins  other  or*^  of  silver;  also  with  several 
«fipj#*T  fiTt-A,  fsili^-ipJir,  hiMvy  apar,  &c.  It  w  mo*?  abundant  in  Peru,  Chile,  and 
y[tx\t"t\  it  was  form<rIy  o'.tainM  in  the  Suxon  mining  ili«trict,  but  is  now  rare;  it  also 
rtr-riir*  ill  ."^ILirriA,  at  KoniTili-rsf  in  Norway,  in  Aliwuv,  in  Cornwall,  and  at  Uuelgoet  in 
iJrfst ;i(m<-.  Af  Ari'lr'-fthbTE?.  in  the  Hartz.  an  eanhy  variety  is  met  with  called  huttermUk 
/fr**,  wbii'Ji,  anronliri:?  to  KUpro^h,  ■vjritaina  2*0*  p-er  wnt.  silver,  8*28  hydrochloric 
uriij,  aii'l  '>7'<iH  .iliimi.'ir&. 

Ar/'i.'i'^  ^hl.riilpT  i-.  'iir^wn  d  iwn  aA  a  white  pr«^ipitat*-,  at  first  very  bulky  and 
nirly.  «..'■::  h>•i^^^^i<'.';('  ^i-M  or  a  solnble  cbloi'ide  is  addel  to  any  soluble  salt  of 
jijlvr  »-x  i-;  f  thr  iiV[t.-i-.I{h;r»^;  al.-o.  t''<r»*ther  with  anrentic  hypir<>hlorite,  by  passing 
rliIor>.-:  j.M-i  info  a  *«i!T.iori  or  arj-'.rio  r,!Tr:it*^.     rNaquet,  J;iJin.-rjl^r.  1860.  p.  201.) 

r.-'"^!:  .M'':«l  arz-^rifif^  <*ril.in'i-  h.i-»  a  -p^^ifiii  enviry  of  5  7  (F.  Mohr,  Pojrg.  Ann. 
rxiii.  ^'io  .  It  u  wholly  iL.-.oiiibl-  in  v-«/^r.  or^  rhiit  the  minntfrst  quantity  of  a  soluble 
r-hl'ir.-lr  in  a*4^e«j»H  solsitior*  may  b»-  «!r-t»-ct'Hi  by  adding?  to  it  a  drop  of  solution  of 
silv^r-nir «?•=-.  The  precipiM^e  1*  l:kewi*e  quite  ic solnble  in  nitric  acid^  even  on 
Viilin^.  -.i.'.^i  in  d;li;T.r  k*fdtrp.ki'/r:i:  nad.  Strong  byilrooMoric  acid,  howevtrr,  dissolves 
ir,  ar.i)  rl.»-  -olTio:^,  vlien  lr:t  to  ev.iporite,  deposits  the  argentic  chloride  in  octa- 
h^^ir^r.^.  T'.':  obiori'ir  ■!Lsi!olrF--«i  <ia.fiilv  in  ammoniaj  and  crvstallises  t herefrom  as  the 
amm-'.r.i.i  "T-K^rj-rxt.*-^.  A-woriinir  to  Pi^hl  (Wien.  Akid.  Ber.  xb.  627),  100  pts.  of 
Hqii*^f.'H  ir.-.m'ini.i,  of  ^jeciflc  gptv:ry  •»0S6,  disMoIre  1*492  p's.  a  rz^ntic  chloride  at  80°. 
Af2^ii*:i?  '^Lloh  ie  'i:S'Milv<«»s  in  srrrjL:^  s^jlutiona  of  alkdUni  chloriJet,  formiRg  crystallis- 
ab[e  i!'-.:i?:N*  i^\i\x*,  which  are  decumpoded  bv  water,  the  silver-chloride  being  then 
f  rri;  if.irr»tl,  I-  i1i«*jlr.*9  easily  alfo  in  iodic  ht^pf'svfpkite,  and  is  not  precipitated 
tiir-ri:t'r'm  ly  chloril'^  of  potassium ;  but  brrjmi<ie  or  iodide  of  potassium  added  to  the 
solution,  thrijwi  iloxn  br^imideor  iodide  of  silver  (Field.  Zeitsohr.  Ch. Pharm.  1861,  * 
p.  126 »,  Ti;i:  cliloriik-  is  lik^^wue  convert*?*!  into  ijiiide  or  bromide  of  silver  by 
di;r*^t;on  wirh  !^>lution  of  bromide  or  ioilide  of  {fOtassium,  and  on  this  reaction  Field 
has  f  iiinil'd  .i  m'^th>>J  of  tletermining  thi:  pnop<irtions  of  chlorine,  bromine,  and  iodine 
w!  *  n  t';- y  <j«?''iir  ti>2vther  in  a  mixture  (see  Bbdmixr,  Estimatioxof.  l  678).  Cyanide 
of  j^/iitjtAiiiiii  dlsbolvfs  chloride  of  silver,  forming  chloride  of  potassium  and  aigento- 
potas^ic  v-yanidf.     Svlu^4f  sHlphit'S  al.*K)  dissolve  arg»-ntic  chloride. 

Argentic  chloride  mtlts  at  about  260^,  forming  a  transparent  yellowish  liquid, 
which,  on  co(.>Iing.  solidities  to  a  horny,  translucent,  s<-ctile  mass.  It  is  not  decomposed 
by  heating  with  charcoal,  but  is  easily  reduced  by  healing  in  a  current  of  hydrogf  ii, 
hydrochloric  acid  being  evolved,  and  metallic  hilvt^r  separated ;  also  by  ignition  with 
aikatinf  carfjonates^  an  alkaline  chloride  being  then  formed,  and  a  mixturo  of  oxygen 
and  carbonic  anhydride  evolved :  e,ff. — 

4Aga   +   2Xa»C0»     «     4NaCl   +   2C0«   +   0«   +  2Ag« 

ZiHt\  trit)i,  and  other  ea.<<ily  oxidi<table  metals,  in  contact  with  water,  quickly  reduce 
pr«H*ipitated  argentic  chloride  to  the  metallic  state,  still  more  quickly  if  the  water  is 
Aridulnttul  with  sulphuric  acid.  Even  the  fu2«ed  chloride  laid  upon  a  plate  of  xinc  or 
iittn,  and  covmnl  with  acidulated  water,  is  converted  after  a  few  days  into  a  spongy 
naNi  of  nirtallic  wilvcr.  Weak  alkaline  leys  do  not  act  upon  argentic  chloride,  but 
when  it  is  IniiIihI  with  a  strong  solution  of  potash^  chloride  of  potassium  is  formed, 
mul  (IruMe  black  silvrr-oxido  is  produced;  the  addition  of  fflticofe  to  the  mixture 
miicklv  n'llui'i'H  the  oxi(l<>  to  the  metallic  state.  A  similar  reduction  takes  place  when 
tho  I'hliiriib'  IN  IhiINmI  with  glucose  and  aqueous  carlwnate  of  sodium;  and  this  process 
U  re«*omiiii'tiilf-d  liy  Itottger  (Compt.  r«>nd.  xl.  969)  for  obtaining  pure  silver  from 
iho  ohtiH'Mli-,  instriid  (if  tho  riniuction  by  zinc  above  mentioned,  ina^muchas,  if  the  ziuc 
^wtitiiia  b*ii<i.  \iliii-)i   iw  fre<[uently  the  cat<e,  that  metal,  being  insoluble  in  dilute 

puiphuri -id.  will  rein n in  niixml  with  the  silver.     B runner  (J.  pr.  Chem.  xci.  254) 

wUiN  t'liloi-iib'  I  if  Milvr  (li.->Mi)Ivi^i  in  ammonia,  by  drops  or  in  a  fine  stream,  to  a  clear 
l^hn^  ni'liiiHiii  fit'  I  |il.  kIucum'  and  3  pts.  orystallised  sotlin  carbonate  in  40  pts. 
WH^fi  kripiii»r  rip  ilif  iidiling  witliout  iutormi<^<ion.  C  A.  Mil  Her  (Juhrt^sber.  18G4, 
K  ^I't)  ilbi'iH  till*  ntlurtiiin :  — (f.  \U'  In^iling  6  pts.  silvt'r-<>hIoride  for  half  an 
IIMtr  «iib  U  |it-i.  i:'i<lii|i-y,  iif  1*333  Hpeoitli*  gmvity,  1|  T>ts.  clarifieil  honey,  and  8  pts. 
Wrtvf^^  |lv  *UkLt**Uu^  II  ptn.  NilviT-i'lilitrido  i'l  the  cold  with  9  pts.  soda-ley,  4^  ys, 
Kaim*)\ #  'ttiiuiiiu  (Hpi villi*  gravity  0925) ;  or  c.  By  digesting  6  or  6  pts. 
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Analyses. — a.  Emholite  from  ChaSareillo,  in  Chile  (Fi eld,  Chem.  Soc.  Qu.  J.  x.  239). — 
b.  The  same  (Field). — c.  The  same,  from  the  Ck)lorado mine, near  Copiapo :  regularly 
crystallised;  specific  gravity  «  6-8  (Plattnex,  Pogg.  Ann.  Ixxvii.  134;  Izxviii. 
417). — d.  Chanareillo  (Field). — e.  Megabromite,  from  Chile :  crystallised  in  cubes  and 
octahedrons ;  green ;  specific  gravity  =»  6*234  (Richter,  Ramm.  Minendch.  p.  989). — 
/.  Microbromittf  from  Copiapo ;  grey-green,  becoming  darker  on  ezpoenre  to  light ; 
specific  gravity  =  6'76— 6*76  : — 

a,  bm  Cm  »•  tf«  J* 

Ag«BrCl«  Ag»Br«a«  Ag*Br»Cl  Ag»Br«Cl»  Ag*BrCl« 

lG-84  19-82       20-09  3382  2649  1240 

14-92  1318       1305  600  932  17'66 

68-22  66-94       6686  6107  6419  7004 

99-98  99-94     10000  99*89  10000  10000 

8Z&VBB,  BBTSCTZOir  AV1>  B8TZXATZOV  OF.  1.  Reactions  in  the 
dry  way. — Silver  compounds  mixed  with  sodic carbonate,  said  heated  upon  charcoal  by 
the'  inner  flame  of  the  blowpipe,  are  reduced,  yielding  brilliant  white  metallic  globules, 
without  any  incrustf  tion  of  the  charcoal.  Heated  with  borax  in  the  outer  flame  on 
platinum-wire,  they  are  paitly  reduced  and  partly  dissolved,  yielding  a  white  opaline 
glass.  With  microcosmic  salt  they  yield  in  the  outer  flame  a  yellowish  glass,  which 
becomes  opaline  when  the  amount  of  silver  is  laige.  By  daylight  this  ^ass  appears 
yellowish,  and  by  candlelight  reddish. 

2.  Reactions  in  Solution. — The  most  characteristic  reaction  of  saline  silver- 
compounds  in  solution,  is  the  formation  of  silver-chloride.  Silver-salts  which  are 
insoluble  in  water  may  generally  be  dissolved  by  nitric  acid,  and  the  solution  gives  the 
same  reactions  as  the  soluble  salts. 

Hydrochloric  acid  and  soluble  chlorides  produce  a  white  curdy  precipitate  of  silver- 
chloride,  which  is  insoluble  in  boiling  water  and  in  dilute  nitric  acio,  but  is  readily 
dissolved  by  ammonia.  On  exposure  to  light  it  gradually  acquires  a  violet  tinge,  and 
eventually  becomes  black.    The  admixture  of  a  small  proportion  of  mercurous  chloride 

Srevents  or  retards  the  coloration  of  silver-chloride  on  ej^posure  to  light.  In  very 
ilute  solutions  of  silver,  the  separation  of  the  chloride  precipitate  takes  plMe  bnt  slowly, 
and  they  present  for  some  time  a  whitish  opalescent  appearance. 

A  precipitate  of  lead-chloride  is  distinguishable  from  silver-chloride  by  its  solu- 
bility in  boiling  water;  a  precipitate  of  mercurous  chloride  is  distinguishable  by  its 
insolubility  in  ammonia,  and  by  turning  black  with  that  reap;nt. 

Potassium^iodide  produces  a  slightly  yellowish- white  precipitate  of  silver-iodide,  which 
is  soluble  in  excess  of  the  reagent,  very  sparingly  soluble  in  ammonia,  and  insoluble  in 
dilute  nitric  acid. 

Potassium-cyanide  produces  a  white  curdy  precipitate  of  silver-cyanide^  which  is 
readily  soluble  in  excess  of  the  reagent,  and  insoluble  in  dilute  adds. 

Sulphydric  acid  and  ammonium-sulphide  produce  a  black  precipitate  of  silver- 
sulphide,  which  is  insoluble  in  ammonium-sulphide,  in  dilute  adds,  and  in  am- 
monia. 

Ammonia  or  potash  produces  in  neutral  silver-solutions  a  brown  precipitate  of  silver- 
oxide,  which  dissolves  very  readily  m  ammonia  and  in  ammoniacal  salts. 

Alkaline  carbonates  produce  a  white  precipitate  of  silver-carbonate,  which  is  soluble 
in  ammonia  and  carbonate  of  ammonium. 

Sodic  phosphate  produces  in  neutral  solutions  a  yellow  precipitate  of  tribasic  silver- 
phosphate,  which  is  soluble  in  ammonia  and  nitric  acid. 

Oxalic  acid  produces  in  neutral  solutions  a  white  precipitate  of  silver-oxalate,  which 
is  soluble  in  ammonia,  and  sparingly  in  nitric  acid. 

Potassium-chromate  produces  a  dark-brown  precipitate  of  silver-chromate^  which  is 
slightly  soluble  in  water,  and  soluble  in  ammonia  and  dilut«  nitric  acid. 

Stannous  chloride  in  excess  produces  a  brownish-black  precipitate  of  metallic 
silver. 

Ferrous  sulphate  produces  in  neutral  solutions  a  white  precipitate  of  metallic 
silver. 

Zinc  produces  a  precipitate  of  metallic  silver ;  it  also  separates  silver  from  silver- 
chloride  in  presence  of  water. 

3.  Estimation  and  Separation. — Silver  maybe  separated  fix)m  most  other 
metals,  and  estimated  with  great  precision  as  chloride.  For  this  purpose  the  sub- 
stance is  to  be  dissolved  either  in  water  or  nitric  acid ;  the  solution  mixed  with  a  slight 
excess  of  nitric  acid,  and  with  hydrochloric  acid,  as  long  as  any  precipitate  or  milkiness 
is  produced,  then  warmed  in  a  dark  place  until  the  precipitate  has  separated,  and  the 
liquid  has  become  perfectly  clear.    The  chloride  is  then  collected  upon  a  filter  of  known 
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-  Muv  other  miDenls— as  lead,  copper,  iron-ores,  &c. — are  also  regarded  aa  silrer- 
orea,  when  thej  contain  a  sufficient  qoautity  of  silycr  for  profitable  extraction  (p.  279). 

AULVJU,  OZI3IB8  OV.  Silver  fbrma  three  oxides,  represented  by  the  formnla 
Ago,  AgK),  and  AgK)«. 

If amlft-rtde  «f  MlTOT,  or  Aiyentom  Oxide,  Ag*0.  Suboxide  or  Quadrantoxidf  of 
BUver, — This  oxide,  discovered  by  Wohler  in  1839  (Ann.  Ch.  Pharm.  xxx.  1),  is  ob- 
tained bj  passing  hydrogen-gas  over  argentic  oxalate,  mellitate,  or  citrate  heated  to 
100®,  half  the  acid  being  then  s^  free,  and  a  dark-brown  aigentous  salt  remaining. 
The  free  acid  may  be  removed  by  water,  which  dissolves  only  a  small  quantity  of  the 
aigentons  salt,  but  forms  a  brown-red  or  portwine-oolonred  solution.  Aigentous  salts 
are  also  produced  in  some  instances  by  passing  hydrogen  into  ammoniacal  solutions 
of  areentic  salts  (Wohler,  Ann.  Ch.  Pharm.  adv.  119).  From  the  solid  salts  or  their 
solutions,  the  argentous  oxide  is  separated  by  caustic  potash  as  a  bhu^  precipitate. 
According  to  Geuther  {ibid,  cxiv.  121),  argentous  oxide  is  formed  by  the  action  of 
cuprous  hydrate  on  solution  of  aigentic  nitrate.  Wohler  (ibid.  d.  363)  has  also 
obtained  it,  mixed  with  metallic  silver,  by  repeatedly  boiling  aigentic  arsenite  with 
soda-ley. 

Aigentous  oxide,  when  pure^  does  not  change  colour  in  drying,  and  does  not  acquire 
metaUic  lustre  under  the  burnisher.  Hydrochloric  acid  and  hydiobromic  add  convert 
it  into  aigentous  chloride  and  bromide  respectively.  By  o^^gen-adds  and  by  ammonia 
it  is  resolved  into  aigentic  oadde  and  metallic  sflver. 

According  to  Faraday  (Ann.  Ch.  Phys.  [2]  ix.  107),  a  solution  of  aigentic  oxide  in 
ammonia  deposits,  on  exposure  to  the  air,  a  boay  which  is  grey  by  reflected  lights  bright 
yellow  in  thm  lavers  by  transmitted  light,  and  melts  when  heated,  giving  cSOT  oxygen, 
and  leaving  metallic  silver. 

Vrotozide  of  Btlwer  or  Arveatlc  OztdOf  AgK).  This  oxide  is  obtained  in  the 
pure  state — 

1.  By  heating  aigentic  carbonate  to  200^. 

2.  Bv  decomposing  a  solution  of  silver-nitrate  with  caustic  alkalis,  certain  precautions 
being,  however,  necessaiy  to  prevent  the  simultaneous  formation  of  carbonate,  a.  The 
silver-solution  is  poured  into  a  hot  saturated  solution  of  baiyta,  in  such  quantity  as  to 
leave  the  liquid  with  a  distinct  alkaline  reaction ;  and  the  predpitate  is  1^  to  settle  in 
a  corked  flask,  then  drenched  with  cooled  de-a&«ted  water,  in  dosed  vessels.  The 
oxide  thus  obtained  is  a  brown  powder,  becoming  bladL  when  dried  at  60^  or  70^. — 
fi.  By  mixing  concentrated  hot  solutions  of  potash  and  argentic  nitrate,  the  oxide  is 
at  once  obtained  in  the  form  of  a  black  powder,  which  settles  down  quickly  and  is  easy 
to  wash. 

3.  By  predpitating  a  cold  solution  of  argentic  nitrate  with  hydfoehlorie  add,  washing 
the  predpitated  chloride  with  cold  water---then  levigating  it  with  a  small  quanti^  of 
water,  and  pouring  it  into  boiling  potash-ley  of  specific  gravity  1*26  to  1*8,  so  slowly 
as  not  to  interrupt  the  boiling,  the  argentic  chloride  is  decomposed,  uid  the  pure  oxide 
is  obtoined  as  a  soft  bluish-black  powder.  If  it  be  not  oompletdy  soluble  in  nitric 
add,  it  must  be  triturated  in  a  porcelain  mortar  with  fresh  poCash-ley  and  again 
boiled. 

4.  Aigentic  oxide  is  also  formed  when  silver  is  veiy  strcmgly  heated  in  the  oxy- 
hydrogen  flame,  or  in  the  electric  arc. 

Aigentic  oxide  is  a  brown  or  blade  powder  of  spedfic  gravity  7*143  (Herapath), 
7'250  (Boullay).  Accordinj^to  Bineau  (Compt  rend.  xli.  609),  it  dissolves  in  3,000 
pts.  of  water,  forming  a  solution  whidi  yidds  a  jM^dpitate  with  chlorides  and  phosphates, 
has  a  fkint  lUkaline  reaction,  and  a  nauseous  metallic  taste.  Argentic  oxide  is  a  strong 
base,  and  neutralises  adds  completely,  forming  the  argentic  salts.  According  to  £ 
Bose  (Pogg.  Ann.  Ixxxv.  304^  the  recently  predpitated  and  still  moist  oxide  absorbs 
carbonic  add  from  the  air.  Aiter  drying  at  60^  or  70^,  it  is  anhydrous.  It  gives  off 
a  certain  quantity  of  oxygen  at  100^,  also  when  exposed  to  sunshine ;  but  whether 
aigentous  oxide^  or  metjUlic  silver  is  thereby  produced  is  not  exactly  known.  At  a 
stronger  heat  it  is  quicklv  resolved  into  metidhc  silver  and  oxygen. 

Argentic  oxide  is  easily  reduced  by  oxidable  substances.  According  toBottger 
^J.  pr.  Chem.  xc  32),  the  following  substances  are  set  on  flre  when  triturated  wid^  it 
in  the  dry  state,  even  on  paper : — svdphide  of  gold,  black  sulphide  of  antimony,  realgar, 
orpiment,  milk  of  sulphur,  selenium,  amorphous  phosphorus,  and  tannic  add.  Creosote 
also  bums  with  scintillation  when  dropped  on  dry  aigentic  oxide.  The  oxide  is  reduced 
to  metallic  silver  completely  by  aqueous  phosphorous  add,  partially  by  aqueous  sul- 
phoxous  add,  with  simultaneous  formation  of  argentic  phosphate  or  sulphate.  Under 
vater  it  is  reduced  to  metal  by  contact  with  zinc,  tin,  or  copper,  but  not  by  iron  or 
*"~^     (Fischer).    Aqueous  hypochlorous  add  conveits  it  into  aigentic  chloride^ 
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phoBphoms,  agreeing  nearly  with  the  formula  A^T*.    According  to  H.  Bose,  however, 
it  consists  of  pore  suyer.    (Handw.  d.  Chem.  vii.  966.) 


or  BUST.  This  name  includes  two  silyer^res,  both  consisting 
of  argentic  sulphantimonites — viz.,  dark-red  silver-ore,  or  pyrargyrite,  2Ag*S.Sb*S*, 
(iv.  740),  and  light  red  silver-ore  or  proustite,  2Ag'S.Sb«S«  (iv.  764). 


OFf  Ag*Se.  Silver  acquires  a  black  tarnish  by  contact 
with  the  vapour  of  seleniun^  selenious  acid,  or  selenhydric  acid.  The  compound  is 
easily  formed  by  melting  silver  and  selenium  together.  Selenhydric  acid  passed  into  a 
solution  of  silver,  forms  a  black  precipitate,  which  becomes  dark-grey  when  dry,  and 
melts  without  decomposition  at  a  red  neat,  forming,  when  cold,  a  silver-white  somewhat 
malleable  mass.  It  is  not  completely  deprived  of  its  selenium  by  roasting,  or  even  by 
fusion  with  alkalis  or  borax ;  iron  unites  with  it,  forming  a  dark-grey  compound. 
Selenide  of  silver  dissolves  in  boiling  nitric  acid,  the  solution  containing  argentic  selenite. 
On  fusing  the  precipitated  selenide  with  more  selenium,  it  is  converted  into  the 
diselenide,  Ag^S*,  which  melts  to  a  specular  mass,  retaining  its  selenium  on  ignition, 
but  giving  it  up  when  roasted. 

SeUnide  of  Silver  and  Lead. — The  mineral  naumannite,  found  at  Tilkerode  in  the 
Hartz,  consists  of  isomorphous  mixtures  of  the  selenides  of  lead  and  silver.  It  occurs 
in  cubes,  with  perfect  cubic  cleavage ;  also  massive,  granular,  and  in  thin  plates ;  hard- 
ness a  2*5  ;  specific  gravity  =8*0  ;  lustre  metallic,  splendent ;  colour  and  streak  iron- 
black.  A  specimen,  analysed  by  G-.  Bose,  contained  23'53  per  cent  Se,  65*56  Ag,  and 
4*91  Fb ;  another,  analysed  by  Bammelsberg,  gave  26*52  Se,  11*67  Ag,  and  60*15 
Pb  r  -  98*34^    The  first  is  nearly  PbSe.l8Ag«Se ;  the  second  (4— 6)PbSe.Ag*Se. 

BeUnide  of  Silver  and  Cower ^  AgCu'Se  or  Ag^.Cu'Se. — This  is  the  composition  of 
eukairite  from  Sm&hmd,  Sweden  (ii.  606). 

•Z&VaBf  8B&BWZOCTAVATB  OV.     See  Selekioctanatbs  (p.  220). 

SX&VBR,  ftV&PBZBB  OF.  Argentic  Std^hide,  Ag^S. — This,  which  is  the  only 
knownoompoundof  silver  and  sulphur,  occurs  native  assilver-glanceor  argyrose, 
in  cubes,  octahedrons,  rhombic  doaecahedrons,  and  intermediate  forms,  occasionally  alHO 
with  feces  of  the  trapezohedron  and  triakis-octahedron  (ii.  125,  126).  The  crystals 
are  often  distorted  and  irregularly  developed,  or  aggregated  in  tooth-shaped,  step- 
shaped,  dendritic,  striated,  filiform,  or  capillary  groups ;  it  also  occurs  in  amorphous 
masses,  and  as  an  earthy  deposit.  The  crystals  exhibit  cubic  and  dodecahedral 
deavsge.  Hardness  «  2*5.  Specific  gravity  »  7*196 — 7*365.  Lustre  metallic; 
colour  and  streak  blackish  lead-grey;  opaque;  fracture  small,  concho'idal,  uneven. 
Before  the  blowpipe,  on  charcoal,  it  melts,  swells  up  strongly,  gives  ofiT  sulphurous 
anhydride,  and  finally  leaves  a  fused  button  of  silver.  Slver-glance  occurs  in 
Teins  traversing  gneiss,  granite,  mica-slate,  &c.,  and  often  in  very  laree  masses,  in 
Saxony,  Bohemia,  Hungary,  Norway,  Siberia,  Mexico,  Peru,  Chile,  and  other  localities. 
It  is  seldom  found  ^uite  pure,  being  usually  more  or  less  mixed  with  the  sulphides  of 
lead,  copper,  and  iron.  Pure  ai^gentic  sulphide  contains  87*1  per  cent,  silver. 
Klaproth  found  in  a  crystallised  specimen  from  Freiberg  85*8,  and  in  a  massive  variety 
from  Joachimsthal  85  per  cent,  silver.  Lindaker  found  in  a  crystallised  variety  from 
the  same  locality,  14*46  per  cent,  sulphur,  77*58  silver,  3*68  lead,  1*53  copper,  and  2*02 
iron  (-99*27). 

Acanthiteisa  trimetric  variety  of  argentic  sulphide  occurring  at  Joachimsthal  in 
the  Erzgebirge,  in  small  crystals  of  specific  gravity  7*31 — 7*36,  isomorphous  with  copper- 
g^nce  (ii.  76). 

Argentic  sulphide  is  formed  artificially  by  fusing  silver  with  excess  of  sulphur. 
According  to  Durocher  (Compt.  rend,  xxxii.  823),  it  may  be  obtained  in  the  crystalline 
state  by  mixin|g  sxdphydric  add  gas  with  the  vapour  of  argentic  chloride.  Becquerel 
also  obtained  it  crystallised  by  filling  one  arm  of  a  U-tube  with  solution  of  potassic 
snlphydrate,  the  other  with  argentic  nitrate,  and  connecting  the  two  liquids  by  an  arc 
of  silver.  The  end  dippinff  into  the  alkaline  snlphydrate  then  became  covered  with 
beautiful  prisms  of  sulphide  of  silver  and  potassium,  which  were  gradually  decomposed 
by  the  nitric  acid  carried  over  to  them,  yiddin^  sulphate  of  potastium  and  octahedral 
crystals  of  argentic  sulphide.  The  compound  is  likewise  formed  by  the  action  of  sul- 
phvdric  add  on  metallic  silver  (p.  278),  and  as  a  brown  or  blade  precipitate  when 
Bolph^dric  add  gas  is  passed  into  silver-solutions. 

Artificial  argentic  sulphide  has  a  density  of  6*85  (Ears ten).  After  fusion,  it 
•didifies  to  a  lead-grey,  metallic-shining,  malleable  mass,  soft  enough  to  be  cut  with 
a  knife,  and  to  be  usea  for  forming  meoallions  with  the  die.  Faraday  supposed  that 
argentic  sulphide  conducts  electricity,  like  a  metal,  without  decompodtion,  its  con- 
di^tang  power  however  increasing  with  rise  of  temperature^  like  that  of  an  electrolyte ; 
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470). — c.   Retzbanya    in   Hungary;   a.   massive;   fi.   granular,  with  green  deposit 
(BammelBberg): 


J J 

Tellurium        .        36-96        36-89  8776  83-0 

Silv«r      .         .         62-42         62-32  61 -65  66-28    64*5 

Gold 0-69 

Iron         .         .  0-24  050        

99-62         99-71       10000  97-6 

The  formula  AgTe  requires  87*27  per  cent,  tellurium  and  62-73  silver. 

Argento-auric  Telluride,  4Ag'Te.Au*Te,  of  specific  gravity  8-72 — 8-83,  found  at 
Nagyag,  contains,  according  to  Petz,  34-98  per  cent,  tellurium,  46-76  silver,  and  18-26 
gold.  • 

Sulvanite  (q.  v.)  or  Graphic  TeUurium,  and  Nagyagite  or  Foliated  Tellurium  (iv.  1), 
are  likewise  tellurides  of  gold  and  silver,  but  contain  lead  and  antimony  in  addition. 

8ZXi VBB,  VITXXOV8.     Native  argentic  sulphide. 

BZXiVBH-ACBTTXi,  C'Ag'H.  (Berthelot,  Ball.  Soc.  Chim.  1866,  L  180.)~An 
organic  radicle,  the  compounds  of  which  are  obtained  by  the  action  of  acetylene  on 
ammoniacal  solutions  of  silver  salts.f 

The  chloride^  C*Ag*HCl,  is  a  white  curdy  precipitate,  decomposed  by  boiling  nitric 
acid,  with  formation  of  argentic  chloride.  Boiling  hydrochloric  acid  decomposes  it,  re- 
producing acetylene.    It  does  not  dissolve  perceptibly  in  ammonio-argentic  chloride. 

The  oxidf^  (C*Ag'H)'0. — This  compound  (hitherto  regarded  as  acetylide  of  silver  or 
silver-acetylene,  C*A^  is  produced  by  the  action  of  acetylene  on  an  ammoniacal 
solution  of  the  nitrate  or  other  ozysalt  of  silver,  washing  the  precipitate  with  ammonia, 
then  with  'distilled  water,  &c. 

Phosphate  of  Silver-aoetyl  is  a  jellow  curdy  precipitate,  decomposed  by  hydrochloric 
acid,  with  formation  of  ace^lene  and  argentic  chloride ;  nitric  acid  reproduces  phos- 
phoric acid.  The  sulphate  is  a  greyish-white  precipitate,  exhibiting  analogous  reactions. 
An  ammoniacal  solution  of  areentic  bensoate  treated  with  acetylene  yields  a  yellow 
precipitate  which  turns  white  during  washing,  and  is  found  to  consist  entirely  of  oxide 
ofsilver-acetyL 

Native  aiigentic  sulphide  (p.  304). 

A  dilute  neutral  solution  of  argentic  nitrate  mixed  with 
stannous  nitrate,  or  an  ammoniacal  solution  of  argentic  nitrate  mixed  with  stannous 
chloride,  yields  a  brown  or  purple-brown  precipitate,  the  so-called  "  silver-purple,"  the 
colour  of  which  varies  accoiding  to  the  mode  of  preparation.  It  contains  tin,  silver, 
and  oxygen,  and  is  perhaps  an  argentous  stannate.  (Kandw.  d.  Chem.  vii.  966.) 

Argentic  sulphate. 

The  bark  of  Simaruba  officinalis,  Dec.  (Quassia  Simaruba,  L.)  has 
long  been  used  in  medicine.  It  contains  a  bitter  principle,  like  that  of  quassia-bark, 
and  a  trace  of  essential  oil.  According  to  Buchner,  the  alcoholic  extract  is  poisonous, 
and  acts  in  the  same  manner  as  the  extract  of  quassia-bark :  two  grains  killed  a 
rabbit  in  twenty-four  hours. 

0ZMI&OB.    An  obsolete  name  for  an  alloy  of  zinc  and  copper  containing  from 
6  to  9  pts.  copper  to  1  pt.  zinc  (ii.  49). 
CN) 

■ZSrAanva*    G*H^*  «  G^^vN. — ^A  basic  compound  discoveredbyBobiquet 

H) 
and  Bussy  in  1839  (Ann.  Ch.  Phys.  [31  Ixxii.  328),  and  further  examined  by  Will 
(Ann.  Ch.  Fharm.  lii.  1).  It  contains  the  elements  of  thiosinamine  minus  1  atom  of 
sulphydric  add,  (C^H'N'S  —  H'S),  and  may  be  regarded  as  ammonia,  NH',  in  which 
1  at.  H  is  replaced  by  cyanogen,  and  another  by  allyl.  It  is  produced  in  the  decomposi- 
tion of  thiosinamine  by  various  metallic  oxides :  e.g.  — 

C«H"N«S  +  PbO     -     C«H»N«  +  PbS  +  H«0. 

Thiosinamine.  Sinamine. 

Preparation. — 1.  One  part  of  thiosinamine  and  5  pts.  of  mercuric  oxide  are  rubbed 
together,  without  application  of  heat ;  the  mass  when  cold  is  exhausted  with  ether ; 
the  filtrate  evaporated;  the  viscid  residue  dissolved  in  hot  water;  and  the  solu- 
tion left  to  crystallise  (Robiquet  and  Bussy). — 2.  Pulverised  thiosinamine  is 

•  After  deduction  of  IS-i.")  p«T  cent,  insoluble  matti^r. 

t  Ammuniacat  solutions  of  cuprous  salts  treated  with  acetylene,  yield  in  like  aianner  salts  of  c  u  p  r  o  s- 
Acetyl,  CSCu«H. 
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contact.  It  is  insoluble  in  water,  but  dissoWes  in  alcohol  and  ether,  forming  solutions 
which  have  an  alkaline  reaction. 

Mercury-crnnpoundy  2C*H'®N'.3Hg"Cl'. — A  solution  of  sinethylamine  forms,  with 
aqueous  mercuric  chloride,  a  white  flocculent  precipitate,  which,  when  heated  over 
the  watir-bath,  melts  to  a  yellow  resinous  mass,  solidifying  in  the  crystalline  state  on 
cooling. 

Piatinum-campound,  2C^»»N*.2HCl.Pt"Cl*.— A  solution  of  sinetliylamine  in  hy- 
drochloric acid  forms,  with  platinic  chloride,  reddish-yellow  feathery  crystals,  yielding 
by  analysis  3 1 '65  per  cent,  platinum,  the  formula  requiring  31*24  per  cent. 

SOTAPZC   ACZ]>,   C>'H'«0*  -  (^"^*"^*^"[0».     (Von  Babo  and    Hirsch- 

brunn,  Ann.  Ch.  Pharm.  Ixzxiv.  19. J — An  acid  produced,  together  with  sincaline,  by 
boiling  sulphocyanate  of  sinapine  with  potash  or  baryta-water : 

C"H»NO*.CNHS  +   3KH0     «     C'»H»»K«0*  +   C*H'»NO   +   CNKS  +  2H*0. 

Sulphocyaiiate  of  Sinapate  of  Sincaline.         Sulphocjr- 

Sioapine.  Fotastium.  anate  of 

PoUstiuin. 

The  best  mode  of  preparing  it  is  to  boil  the  sulphocyanate  of  si  na  pi  no  with  potash- 
ley,  supersaturate  wim  hydrochloric  acid,  and  purify  the  resulting  precipitate  by 
crystallisation  from  alcohol  of  60  per  cent.  By  boiling  the  sulphocyanate  with  baryta- 
water,  the  acid  is  obtained  as  an  insoluble  banum-salt,  &om  which  it  may  bo  separated 
by  sulphuric  acid  and  alcohoL 

Sinapic  acid  crystallises  in  small  prisms,  sparingly  soluble  in  cold,  somewhat  more 
freely  in  hot  watir,  slightly  in  cold,  easily  in  hot  alcohol^  insoluble  in  dhrr.  It  is  nearly 
insoluble  in  most  other  acids :  nitric  acid^  howeyer,  dissolves  it,  with  red  colour, 
apparently  forming  oxalic  acid  and  a  nitro-compound.  Chlorine-water  colours  it,  first 
rose-red,  then  purple-red,  without  dissolving  it. 

Sinapic  acid  melts  between  150^  and  200^,  and  solidifies  from  fusion  in  the  crystalline 
state.  When  subjected  to  dry  distillation,  it  turns  brown,  and  yields  a  colourless  oil, 
which,  as  well  as  the  residue,  forms  with  ammonia-gas  a  yellow  body,  slightly  soluble 
in  water. 

Sinapates. — Sinapic  acid  forms  easily  soluble  salts  with  the  alkalis,  sparingly 
soluble  salts  with  the  earths  and  other  metallic  oxides.  All  the  sinapates,  excepting  tho 
barium-salt,  decompose  with  great  facility.  The  solution  of  sinapic  acid  in  potash-  or 
soda-ley  quickly  turns  red  on  exposure  to  the  air,  the  colour  afterwards  changing  to 
green  and  brown.    The  ammoniacal  solution  turns  red-brown  on  exposure. 

A  neutral  solution  of  potassic  sinapate  forms  white  precipitates  with  chloride  of 
calcium^  and  with  solution  of  alum ;  the  latter  precipitate,  treated  with  chlorine-water, 
assumes  first  a  rose-red  and  then  a  dirty-red  colour.  With  ferric  chloride  it  forms  a 
rose- red  or  sometimes  a  purple-red  precipitate,  with  formation  of  ferrous  oxide.  From 
solution  of  copper-  and  leaasaltSt  it  throws  down  precipitates  which  soon  turn  blue- 
green  ;  with  mercuric  and  silver-salts^  white  precipitates  which  decompose,  with  sepa- 
ration of  metal,  especially  on  addition  of  more  alkali. 

Sinapate  of  Potassium  is  precipitated  from  the  aqueous  solution  by  absolute  alcohol 
in  iridescent  laminse,  which  soon  change  afttT  the  alcohol  has  been  poured  off. — The 
barium-salt,  C*'H"'Ba''0*,  is  prepared  by  precipitating  the  neutral  ammonium-salt  with 
chloride  of  barium  (avoiding  an  excess  of  the  latter,  which  would  redissolve  a  portion 
of  the  precipitate),  or  by  boiling  sulphocyanate  of  sinapine  with  baryta- water,  out  of 
contact  with  air.    The  precipitate  is  to  be  washed  with  water  free  fro oi  carbonic  acid. 

8ZVJLPZVB,  C'«H»NO».  (O.  Henry  and  Garot,  J.  Pharm.  xvii.  1 ;  xx.  63.— 
Pelouze,  Ann.  Ch.  Phys.  [2]xliv.  214;  J.  Pharm.  xvii.  271. — Boutron  and  Robi- 

?uet,  J.  Pharm.  xvii.  279. — ^Faur^,  ibid.^0.  Henry  and Pliss on,  AJin.  Ch.Phys. 
2]  xlvi.  198.— Winckler,  Repert.  Pharm.  xli.  169;  Ixvii.  257.— Simon,  Pogg. 
Ann.  xliii.  651;  xliy.  593. — Boutron  and  Fr^my,  J.  Pharm.  xxvi.  50. — y.  Babo 
and  Hirschbrunn,  Ann.  Ch.  Pharm.  Ixxxiv.  10. — Gm.xiv.  524.) — An  organic  base, 
existing  as  a  sulphocyanate  in  white  mnstard-seed.  This  salt  was  first  extracted 
from  the  fatty  oil  of  white  mustard  by  Henry  and  Garot  in  1825,  who  at  first  regarded 
it  as  an  add,  and  called  it  sulphosinapic  acta;  afterwards,  however,  they  found  that  the 
pure  substance  was  neutral,  and  named  it  sulphosinapisin.  Berzelius  called  it  sinaptne. 
Its  true  nattire  was  first  recognised  byy.  Babo  and  HirscLbrunn,  who  assigned  to  the 
base  contained  in  it  (the  true  sinapine)  the  formula  CH^^NO^*,  which  was  altered  by 
Gerhardt  to  C"i5r»^0>«  or  C»«H"NO*. 

Sinapine  is  known  only  in  aqueous  solution  and  in  combination  with  acids.  The 
aqueous  solution  is  obtained  by  gradually  adding  baryta-water  to  an  aqueous  solution 
'« the  acid  sulphate  as  long  as  a  precipitate  is  thereby  formed:  an  excess  of  baryta 
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with  oil-drops,  with  ether,  as  long  as  the  ether  is  thereby  coloured ;  and  purifies  the 
residual  sulphocyanate  of  sinapine  by  solution  in  water  and  recrystallisation  as  above. 
A  similar  process  is  adopted  by  Simon,  who  however,  at  each  extraction  of  the  mus- 
tard-flour, uses  only  enough  alcohol  to  moisten  it,  and  subjects  the  whole  to  strong 
pressure ;  by  this  treatment,  the  exhaustion  is  eflfected  more  quickly  than  when  a 
larger  quantity  of  alcohol  is  used. 

Properties. — Sulphocyanate  of  sinapine  crystallises  in  loose  tufts  of  white  pearly 
needles  (Henry  and  Garot);  in  colourless,  nearly  transparent,  glassy  prisms, 
mostly  rectangular,  truncated,  grouped  in  stars  and  thin  nodules  (Winckler).  It  is 
neutral,  inodorous,  tastes  bitter,  and  afterwards  hot  like  mustard.  It  melts  when 
heated  (at  130^,  according  to  v.  Babo),  forming  a  yellow  liquid,  which  solidifies  to  a 
gummy  mass  on  cooling  ( W  i  n  c  k  1  e  r).  It  dissolves  with  yellow  colour  in  water  and  in 
alcohol,  in  greatly  increased  quantity  when  the  liquid  is  hot,  and  crystallises  on 
cooling;  also  in  ctlur^  sulphide  of  carbon  ^  and  oU  of  turpentine.     (Simon.) 

Decompositions. — 1.  Sulphocyanate  of  sinapine  decomposes  when  strongly  heated, 
giving  off  stinking  products,  and  leaving  charcoal  (Henry  and  Garot);  also  com- 
bustible gases  (Winckler).  The  vapours  do  not  smell  of  sulphuretted  hydrogen, 
sulphide  of  carbon,  or  hydrocyanic  acid.  In  the  course  of  the  decomposition,  volatile 
bases  are  evolved,  together  with  gases  and  empyreumatic  oils,  which  bum  with  luminous 
flame  and  formation  of  siUphurous  acid  (v.  Babo  and  Hirschbrunn). — 2.  It  dissolves 
readily  in  oil  of  vitriol^  with  greenish-yellow  colour  and  slight  rise  of  temperature,  turns 
brown  when  the  solution  is  neated,  and  then  chars  (Winckler).  Sulphocyanic  acid 
is  likewise  evolved  (v.  Babo  and  Hirschbrunn). — 3.  In  contact  with  iodine,  it  im- 
mediately assumes  a  light  yellow-brown  colour,  and  when  heated  melts,  gives  oflf 
iodine,  and  leaves  a  brown-red  brittle  resin  (Winckler). — 4.  1\b  aqueous  solution  is 
coloured  by  chlorine,  first  brown-red,  then  red,  and  finally  yellow,  with  formation  of 
sulphuric  and  evolution  of  hydrocyanic  acid  (Henry  and  Garot).  According  to 
V.  Babo  and  Hirschbrunn,  no  formation  of  hydrocyanic  acid  takes  place  in  this  and 
similar  cases.— 6.  With  nitric  acid  of  specific  gravity  1*4,  or  less,  it  immediately 
assumes  a  deep  red  colour,  giving  off  red  vapours,  and  when  heated  turns  yellow,  with 
formation  of  sulphuric  acid  (Henry  and  Garot,  and  others). — 6.  When  sulphocyanate 
of  sinapine  is  boiled  with  peroxide  of  manganese  and  dilute  sulphuric  acid,  the  distillate 
contains  hydrocyanic  add,  and  the  residue  contains  a  substance  which  dissolves  in 
water,  with  dark  brown-red  colour  (Winckler). — 7.  It  dissolves  with  yellow  colour 
in  caustic  potash-ley^  and  if  the  liquid  be  immediately  supersaturated  with  hydrochloric 
acid,  separates  out  unaltered,  provided  the  solution  is  sufficiently  concentrated ;  but 
when  boiled  with  potash,  soda,  or  baryta- water,  it  is  resolved,  as  above  mentioned 
(p.  308),  into  sinapic  acid,  sincaline,  and  sulphocyanic  acid  (v.  Babo).  It  is 
likewise  coloured  yellow  by  ammonia^  strychnine,  morphine,  and  quiniiM,  but  not  by 
narcotine  or  salicin  (Winckler).  A  trace  of  tobacco-smoke  is  sufficient  to  produce 
this  colouring  (v.  Babo  and  Hirschbrunn). — 8.  The  behaviour  of  sulphocyanato 
of  sinapine  to  dilute  acids  and  saline  solutions  is  the  same  as  that  of  other  sulpho- 
cyanates.  Ferric  salts  are  for  the  most  part  immediately  reddened  by  it,  but  some- 
times it  is  obtained  in  a  peculiar  condition,  in  which  it  does  not  redden  ferric  salts  till 
heat  is  applied.     (Will ;  v.  Babo,  and  Hirschbrunn.) 

See  MusTABD  (iii.  1067). 

The  name  ^ven  by  E.  Si  m on  (Pogg.  Ann.  xliii.  662 ;  zliv. 593 ; 
1.  379),  to  a  white,  scaly,  crystalline  substance,  which  he  obtained  from  black  mustard- 
seed,  by  extraction  with  alcohol  and  ether.  The  examination  made  of  it  was,  however, 
vej*y  imperfect,  and  the  later  statements  contradict  the  earlier. 


:j»h»)« 


N«.— 


DiaUyl-carhamide,  DiaUyl-urca.  C^"N«0    -    (C»H»)« 

An  organic  base  discovered  by  Simon  (Pogg.  Ann.  1.  377),  and  further  examined  by 
Will  (Ann.  Ch.  Pharm.  Iii.  26).  It  is  formed  from  cyanate  of  allyl,  by  addition  of 
water  and  elimination  of  carbonic  anhydride,  in  the  same  manner  as  urea  is  formed  from 
cyanic  acid: 

2CNH0     +     H*0       =       CN»H*0     +     C0« 

CjAnic  acid.  Urea. 

2GN(C»H»)0       +       H-0       «       CN«(C»H»)«H20      +     C0«. 

Cyanate  of  All}!.  Diallyl  urea. 

It  may  be  obtained  very  pure  by  boiling  cyanate  of  allyl  with  water,  but  is  moi-e 
generally  prepared  from  sulphocyanate  of  aliyl  (oil  of  mustard)  by  the  action  of  hydi-ate 
of  lead  or  baryta- water : 

2CN(C«H*)S    +    3PbH»0«     «     CNXC*H»)»H*0     +     2PbS    +    PbCO»     +     2HH) 
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Bole  of  Sinope.  JRiibrica. — ^A  ferruginous  bole  occnrriog  in  masses 
with  fina  earthy  fracture,  in  Cappadocia.  It  is  of  brick-red  colour,  spotted  with  white, 
dull,  opaque,  friable,  adheres  strongly  to  the  tongue,  and  breaks  up  in  water  into 
coarse  lumps,  without  becoming  plastic  like  clay,  or  crumbling  to  a  sandy  powder  like 
fiiller^s  earth.  It  was  used  in  ancient  times  as  a  pigment.  Contains,  according  to 
Klapioth's  analysis,  32  per  cent,  silica,  26*5  alumina,  21*0  ferric  oxide,  17*0  water, 
and  1*5  ( »  97*0)  chloride  of  sodium.    Before  the  blowpipe  it  bums  hard  and  black. 

•ZVTSR*  A  name  applied  to  incrustations,  on  rocks  or  elsewhere,  from  mineral 
waters.  According  to  the  nature  of  the  deposit.,  it  is  distinguished  as  calcareous  sinter 
(caJcspar  or  arragonite),  silicious  (quartz  or  opal),  ferruginous  (pitticite),  arsenical 
(scorcKlite),  &c. 

8ZPBBSXVB.  Sipiriney  Sepeerine.  An  alkaloid  existing,  together  with  bebirine, 
in  the  bebeeru  or  greenheart-tree  (Nectandra  Rodiai),  a  lauraceous  tree  growing  in 
Guiana.  It  was  discovered  by  Rodie  in  1834,  and  examined  more  particularly  by 
Maclagan  (Ann.  Ch.  Pharm.  xlviii.  106).  [For  the  mode  of  prepiration  see 
Bebibixe,  i.  526.] 

Sipeerine  forms  a  dark  red-brown,  shining,  non-crystalline,  resinous  mass,  separat- 
ing from  the  vessel  in  which  it  is  prepared  in  scales.  It  is  very  slightly  soluble  in 
water,  easily  in  alcohol,  either  anhydrous  or  hydrated,  but  is  insoluble  in  ether.  It 
neutralises  acids,  forming  olive-brown  salts. 

8ZPOPZSA,  or  8SBXVZSA.  The  commercial  name  of  the  bark  of  Sebipira  major, 
a  tree  growing  in  Brazil.  The  bark  contains  tannin,  £at  oil,  resin,  sugar,  &c  (Handw. 
d.  Chcm.  vii.  730.) 

8X81ICOVBZV.  A  mineral  resembling  chloritoid,  occurring  in  the  chlorite-slate 
of  St.  Marcel  in  Piedmont.  Melts  with  great  difficulty  before  the  blowpipe  to  a 
blackish  glass.  Analysed  by  Delesse  (Ann.  Ch.  Phys.  [3]  iz.  388)  and  y.  ^obell 
(J.  pr.  Chem.  Iviii  40) : 

Undacom- 
8i03.        AfO*.        FeO.      MgO.       H*0.    posed. 

241        43-2        23-8        —        76        —      «     987    Delesse. 

25-76      37-50      2100    6-20      7*80    0*50     -     9875  t.  KobelL 

The  magnesia  appears  to  have  been  overlooked  in  the  first  analysia. 

MEBBMMMMXTMm  The  name  given  by  Haidinger  to  iridoemine  from  Sissenk  in 
the  Ural,  having  nearly  the  composition  IrOs'  or  IrOs^,  to  distinguish  it  frx>m  the 
variety  found  at  Newjansk,  the  composition  of  which  may  be  represented  by  IrOs*. 
As,  however,  the  two  varieties  ciystallise  in  the  same  form,  it  is  probable  that  they 
are  not  distinct  mineral  species,  but  that  osmium  and  iridium  crystallise  together 
isomorphously  in  various  proportions. 


Hedge-mustard  (Sisymbrium  officinale)  contains,  according  to 
Pless,  allylic  sulphocyanate  unmixed  with  oxide. 

SZTZO  ACXB.    The  name  given  by  BerzeliuB  to  Liebig's  oBnantfaio  acid  (iv.  174). 

Gmelin's  name  for  propylene,  CH*. 

Syn.  with  Scapolitb. 

Syn.  with  Schlbrktimitb  (p.  204). 

or  8CXiBAOC]LA8B«  The  name  applied  by  v.  Waltershausen 
to  diplumbic  sulpharsenite,  2PbS.AsS*,  which  he  regards  as  one  of  the  constituents  of 
binnite  (i.  688). 

BKOOabUETB.  Nordenskiold's  name  for  the  tantalite  of  Skogbole  in  Finland, 
distinguished  by  a  comparatively  high  specific  gravity,  small  proportions  of  man- 
ganese and  tin,  and  dark  brown  colour  of  its  powoer. 

8XO&acZTS.     Syn.  with  Scolbcitb. 

8XO&OPSITB.  A  silicate  trGm  the  Kaiserstuhl  in  the  Breisgau,  occurring  in 
lumps,  with  granular  structure  and  splintery  fracture.  Hardness  »  5-0  nearly. 
Specific  gravity  =  2-53.  Colour  smoke-grey,  greyish,  or  reddish-white.  Translucent 
on  the  edges.  Slightly  brittle.  Before  the  blowpipe  it  fuses  like  vesuvian,  with 
Btumesconce  and  spluttering,  to  a  shining  greenish- white  glass  enclosing  small  bubbles. 
With  bomx  it  slowly  forms  a  colourless  bead  ;  with  phosphorus-salt  the  same,  and  a 
dkdeton  of  silica ;  with  soda  it  jrields  the  reaction  of  sulphur.  In  the  pulverulent 
#«te  it  is  easily  decomposed  by  hydrochloric  acid,  with  separation  of  gelatinous  silica. 
ftcBotains,  according  to  the  mean  of  v.  Kobell's  analyses  (J.  pr.  Chem.  xlvi.  484), 
^  ^ilica,   17*9  alumina,  2*5   ferric  and  ferrous  oxides,  8*9  manganous 
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Native  cobaltous  arsenide,  Co"Ab^  (i.  1041). 

A  granular  actinolite  of  emerald-green  or  grass-green  colour, 
sometimes  occurring  intergrown  with  augito  of  similar  colour.     Mixed  with  garnet  it 
forms  the  rock  called  eclogite,  and  occurs  also  in  gabbro  mixed  with  saussurite  or  labra- 
doirite. 
-  SMASAGBOCBAlbCZTB.    Syn.  with  Atacamitb  (i.  429). 

8MSCTXTB.  A  term  sometimes  used  as  a  synonym  of  fuller^a  earth ;  applied 
also  more  particularly  to  an  argillaceous  mineral  from  Cilly  in  Lower  Stvria,  analysed 
by  Jordan,  and  another  from  Cond6  in  France,  analysed  by  Salv^tat.  (See  Silicates 
OF  Aluminium,  p.  269.) 

8MBUITJB.  An  aluminic  silicate  £rom  Telkebanya  in  Hungary.  (See  Shjcatbs, 
loe,  cii.) 

BMUtACmXm  The  name  given  byBeinsch  (Repert.  Pharm.  Ixxxii.  146)  to  a 
crystalline  substance  which  he  obtained  from  the  root  of  Smilax  China  (L.). 

Syn.  with  Saksapabuxin  (p.  198). 

Syn.  with  Calamine,  or  native  carbonate  of  zinc  (L  713). 

Savon.  Seife. — In  ordinary  language,  the  term  soap  is  applied  only  to 
the  potassium-  and  sodium-salts  of  the  fat -acids — stearic,  palmitic,  oleic  acid,  &c, — 
produced  by  the  action  of  potash  and  soda  upon  the  fats ;  but  in  scientific  language, 
the  same  term  is  extended  to  all  the  metallic  salts  of  the  fat-adds,  among  which  uie 
lime-soap  obtained  as  a  secondair  product  in  the  stearic  acid  manufacture,  and  the 
pharmaceutical  preparation  called  lead-soap  or  lead-plaster,  obtained  by  heating  olive- 
oil  with  oxide  of  lead,  may  be  particularised  as  being  of  practical  importance. 

The  ordinary  neutral  fats  —such  as  tallow,  palm-oil,  ohve-oil,  cocoanut-oil,  &c. — are 
the  glyceryl-salts  or  glyceric  ethers  ,of  the  fat-adds  (see  Gltcbridss,  ii.  881);  and 
their  conversion  into  soaps,  or  saponification,  by  the  action  of  alkalis  or  other 
bases,  is  the  converse  of  the  process  of  etherification,  consisting  in  the  separation  of  the 
glyceryl  and  the  acid-radide,  and  an  interchange  between  the  glyceryl  and  the  metal 
of  the  alkali,  resulting  in  the  formation  of  an  alkaline  salt  of  the  £iit-add — that  is 
to  say,  a  soap — and  glycerin :  thua  with  stearin  (nentzal  glycerylic  stearate)  and 
potash: 

Stearin.  PoUtsic  Gljcerin.  Potank  steante 

hydrate  (3  at.).  (S  at.). 

The  ordinary  method  of  saponifying  neutral  fkts  consists  in  boiling  them  with  solu- 
tion of  caustic  potash  or  soda.  Most  fats  require  long-continued  bmling  with  excess 
of  alkali  to  convert  them  completely  into  neutral  soaps ;  some,  however  (as  lard,  beef- 
marrow,  and  oil  of  sweet  almonds),  maybe  saponified  by  agitation  with  caustic  alkali  at 
ordinary  temperatures.  Alkaline  carbonates  also  decompose  the  neutial  fiits  when 
boiled  with  uiem ;  but  the  process,  when  conducted  under  the  ordinary  atmospheric 
pressure,  is  very  tedious,  and  does  not  yield  a  perfect  soap.  Complete  saponification 
may,  however,  be  eflTected  by  boiling  neutral  fats  with  solutions  of  alkaline  carbonates 
under  increased  pressure,  as  in  the  apparatus  patented  by  Tilehman  (ii.  886),  in 
which  a  mixture  of  the  neutral  fat  and  alkaline  solution  is  forced  by  a  pump  through 
a  long  coil  of  iron  tubing  heated  to  350^'— 400°  F. 

The  fat-acids  (stearic,  oleic  add,  &c.),  when  already  separated  from  glycerin,  are 
easily  saponified  by  the  action  of  alkaline  carbonates ;  in  tiiis  manner  soap  is  exten- 
sively prepared  from  the  crude  oleic  add  or  red  oil  (iv.  192),  obtained  as  a  bye-product 
in  the  manufacture  of  stearic  acid.  Resins  also,  which  are  diiefly  mixtures  of  add 
compounds,  easilv  decompose  alkaline  carbonates  and  form  soaps. 

As  thA  neutral  fats  occurring  in  the  vegetable  or  animal  boay  are  not  simple  gly- 
cerides,  but  mixtures  of  several  compounds  of  that  class  (stearin,  palmitin,  olein,  &c.) 
it  follows  that  the  soaps  resulting  from  their  saponification  will  be  mixtures  of  the 
potassium^  or  sodium-salts  of  two  or  more  of  the  corresponding  fat-acids,  the  soap 
being,  cateris  paribus^  more  solid  in  proportion  as  the  acids  of  higher  melting-point  and 
atomic  weight  predominate  in  it. 

The  properties  of  soap  depend  also  in  great  measure  on  the  alkaline  base  contained 
in  it^  Potash-soaps  are  deliquescent,  and  do  not  dry  up  when  exposed  in  solution 
to  the  air,  but  retain  so  much  water  as  to  form  a  soft  slimy  jelly :  when  artificially 
dried  they  absorb  a  large  quivutity  of  moisture,  and  likewise  become  converted  into 
a  jelly.  This  kind  of  soap  is  called  soft  soap,  in  contradistinction  to  the  soda- 
soap,  or  hard  soap.  The  latter  neither  retains  so  much  water,  nor  does  it  absorb 
•0  much  as  to  render  it  soft ;  but  hardens  when  exposed  to  the  air,  and  with  a 
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greenish  or  blue  colonr,  partly  caused  by  the  sulphur  contained  in  the  ley  (particularly 
m  soda-ley),  forming  sulphide  of  iron  or  copper.  When  a  soap  of  this  kind  is  allowed 
to  cool  rapidly,  the  cut  surface  presents  a  uniformly  coloured  appearance,  something 
like  wet  slate.  If  the  mass,  however,  cools  slowly,  the  soaps  of  the  earths  and  metallic 
oxides  separate  from  the  great  bulk,  and  collect  into  larger  or  smaller  groups  in  different 
parts  with  a  certain  degree  of  regularity,  giving  a  marbled  or  mottled  appearance  to  the 
cut  surface.  The  substances  which  impart  the  mottled  appearance  to  soap,  are  only  held 
in  suspension  in  consequence  of  its  thick  state  of  fluidity.  The  mottled  appearance  may 
therefore  be  entirely  removed,  and  white  soap  produced,  by  adding  a  certain  quantity 
of  water,  so  that  those  substances  may  subside,  while  the  soap  is  still  in  a  perfectlr 
liqtiid  state  in  the  boiling-piin.  This  additional  quantity  of  water  is  not  again  separated, 
but  remains  with  the  soap.  Great  importance  was  formerly  attached  in  commerce  to 
the  mottled  appearance  of  the  soap,  as  affording  a  sure  indication  that  the  amount  of 
water  in  the  soap  cannot  exceed  a  certain  limit.  .  Methods  have,  however,  been  dis- 
covered of  imparting  any  kind  of  mottled  appearance  to  soap  containing  much  more 
water  than  the  ordinary  curd-soap,  by  mixing  mineral  colours  with  it  when  it  has  at- 
tained a  certain  stage  of  hardening.  The  dark-coloured  mass  formed  by  the  sub- 
sidence of  the  impurities  above  mentioned  is  technilly  called  **  niger  "  or  "  nigre,"  and 
is  sometimes  used  for  mottling  other  soaps. 

Bard  Soaps. — These  soaps,  as  already  observed,  are  made  with  non-drying  oils,  or 
solid  fats,  and  soda.  Their  hardness  is  in  proportion  to  the  amount  of  stearic  and  pal- 
mitic acid  which  they  contain.  Soda-soaps,  made  with  drying  oils,  such  as  linseed-oil, 
are  pasty,  and  easily  liquefied  by  a  small  quantity  of  water ;  in  fact,  they  approach  to 
the  character  of  soft  soaps  made  with  potash. 

The  most  important  kinds  of  hard  soap  are  those  made  with  tallow  and  with  olive- 
oil,  the  former  material  being  used  in  England  and  other  northern  countries,  the  latter 
in  the  South  of  Europe. 

The  following  description,  by  Mr.  Gossage,of  the  English  method  of  making  hard 
soap,  is  taken  from  Richardson  and  Watts'  Chemical  Technology  (i.  [3]  679) : — 

**  The  fatty  and  oily  materials  which  are  used  for  the  production  of  hard  soaps  in  this 
country  are  tallow,  palm-oil,  and  cocoanut-oil,  also  rosin,  the  whole  of  which  are 
saponified  by  soda. 

"  The  manufacturer  provides  himself  with  solutions  of  caustic  soda  of  various 
strengths,  called  '  leys,'  these  being  obtained  by  boiling  together  a  solution  of  carbo- 
nate of  soda  and  slaked  lime,  running  off  the  first  solutions,  and  washing  the  residual 
carbonate  of  lime  with  several  affusions  of  water — the  last  liquors  thus  obtained  being 
used  for  dissolving  a  fresh  batch  of  carbonate  of  soda. 

*•  It  is  a  well-known  fact  that  lime,  in  whatever  proportion  it  may  be  used,  does  not 
effect  the  perfect  decomposition  of  carbonate  of  soda,  unless  the  latter  is  present  as  a 
weak  solution.  And  as  any  alkali  in  the  state  of  carbonate  which  may  be  introduced 
into  the  soap-copper  is  incapable  of  decomposing  the  neutral  oils  or  fats,  it  becomes 
wasted ;  therefore  the  manufacturer  uses  solutions  of  carbonate  of  soda  of  such  strength 
as  will  yield  leys  (solutions  of  caustic  soda)  having  a  specific  gravity  not  exceeding 
1-090. 

**  Soap-pans  are  made  of  various  sizes,  some  being  as  large  as  15  feet  diameter  and  15 
feet  deep,  capable  of  yielding  25  to  30  tons  of  finished  soap  in  one  operation.  They  are 
at  the  present  time  constructed  of  wrought-iron  plates  joined  together  by  rivets.  The 
contents  of  these  pans  are  usually  caused  to  boil  by  the  injection  of  free  steam  through 
a  number  of  small  holes  in  a  circular  bent  pipe,  which  is  in  connection  with  a  steam- 
boiler.  The  pans  are  also  sometimes  heated  by  means  of  fires  placed  underneath  the 
lower  part,  or  by  steam-chambers  formed  round  the  lower  part  of  the  pans. 

"  The  manufacturer  charges  his  soap-pan  at  the  commencement  with  a  quantity  of 
neutral  oil  or  fat,  and  adds  to  this  weak  leys  having  a  specific  gravity  of  about  1'050<^. 
He  causes  steam  to  be  injected  to  produce  ebullition  and  mixing.  If  the  process  goes 
on  properly,  the  oil  or  fat  which  was  previously  floating  on  the  surface  of  the  ley 
becomes  speedily  combined  therewith,  producing  a  uniform  milky  emulsion,  from  which 
no  watery  particles  separate  on  cooling.  If  this  combination  does  not  take  place,  the 
operator  adds  either  water  or  weaker  ley,  and  continues  the  boiling  until  the  perfect 
emulsion  is  produced ;  at  this  period  all  taste  of  alkali  in  the  compound  has  passed 
away — the  tongue  being  used,  in  place  of  turmeric-paper,  to  ascertain  the  presence  of 
£ree  alkali.  The  combination  of  tJie  oil  or  fat  with  the  mineral  alkali,  or  tno  displace- 
ment of  the  glycerin,  having  been  thus  fairly  put  in  progress,  the  operator  makes 
repeated  additions  of  stronger  leys,  continuing  the  boiling  until  he  finds  the  presence 
of  free  alkali  in  the  compound  ;  he  then  adds  more  oil  or  fat,  or  some  rosin ;  he  also 
continues  to  make  repeated  additions  of  stronger  leys.  In  this  part  of  the  operation 
he  takes  care  that  there  shall  be  no  excess  of  alkali  present  in  the  compound  at  the 
period  when  the  soap-pan  has  become  nearly  filled  by  the  repeated  addition  of  oils  or 
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property  of  coooanut-oil  soap  is  its  power  of  combining  with  more  water  than  can 
ever  be  communicabed  to  tallow-soap,  and  this  property  of  the  soap  frequently 
gives  rise  to  dishonest  traffic  Cocoanut-oil  actually  produces  no  greater  quantity 
of  soap  than  an  equal  weight  of  tallow,  but  the  soap  from  the  former  can  easily  be 
made  to  absorb  one-third  more  water  or  ley.  Ordinary  soap  treated  in  the  same 
manner,  or  containing  the  same  quantity  of  water,  would  be  so  soft  that  it  wotdd 
yield  easily  to  the  pressure  of  the  thumb;  but  cocoanut-oil  soap  neither  exhibits 
any  want  of  consistence  or  softness,  nor  does  its  appearance  in  any  way  indicate  the 
fraudulent  practice  which  has  been  adopted  in  its  manufacture. 

A  remarkablp  fact  observed  by  soap-boilers,  but  by  no  means  satisfactorily  ex- 
plained, is  that  cocoanut-oil  is  saponifiea  with  so  much  the  more  difficulty  the  more 
rancid  it  has  become. 

In  general,  cocoanut-oil  is  not  saponified  alone,  but  is  employed  as  an  addition  to 
tallow,  &c.,  for  the  purpose  of  producing  quickly-solidifying  soaps  containing  a  large 
proportion  of  water,  which  could  not  be  obtained  from  tallow  alone.  It  is  even  pos- 
sible to  prepare  soap  on  a  large  scale  in  afewhours,  wi thout salt,  and  almost  without  fire, 
by  the  use  of  cocoanut-oil  and  tallow,  which  are  merely  warmed  together  witli  strong 
ley  sufficiently  to  melt  the  fat,  and  kept  in  a  constant  state  of  agitation. 

The  different  kinds  of  cocoanut-oil  soap,  which  all  belong  to  the  class  of  soaps  con- 
taining a  considerable  quantity  of  water,  are  marbled  artificially.  Marbbng  or 
mottling  of  this  kind  is  not  dependent  upon  the  production  of  Curd  and  FluXf  but  is 
simply  a  mechanical  effect,  carried  out  in  the  following  manner : — The  blue  or  red 
colour  (bole,  &c.)  is  rubbed  up  with  a  residue  of  the  soap,  or  better  with  a  separate 
portion  of  good  cocoanut-oil  soap,  until  the  whole  acquires  a  uniform  red  or  blue  colour. 
TluB  is  now  scooped  into  the  form  in  alternate  layers  with  the  colourless  soap,  and  by 
stimng  the  mass  together,  streaks  and  veins  are  produced  in  all  directions. 

Castor-ail  Soap, — Castor-oil  is  readily  saponified  by  strong  soda-ley.  The  product 
ifl  white,  amorpnous,  and  translucent,  and  possesses  considerable  hardness,  even 
when  it  contains  as  much  as  70  per  cent,  of  water.  (S o e  b  e  r,  Dingl.  polyt.  J.  czxxviii. 
306.) 

Palm^  Soap, — This  soap  is'  boiled  with  caustic  soda,  nearly  in  the  same  manner 
as  tallow-soap.  It  has  an  agreeable  but  powerful  smell,  and  a  yellow  colour  when 
the  oil  is  used  in  an  unbleached  state,  but  is  white,  with  a  very  slight  odour,  when 
the  oil  has  been  bleached.  Palm-oil  is  seldom  used  as  soap-stock  without  the 
addition  of  some  other  fat :  3  lbs.  of  palm-oil  to  1  lb.  of  tallow  forms  a  good  soap. 
An  inferior  article,  called  "demi-palme,"  is  obtained  from  1  lb.  of  palm-oil  with  4  ll». 
of  tallow. 

Palm-soap,  when  carefullv  prepared  from  pure  materials,  possesses  emollient  pro- 
perties, which,  combined  with  an  agreeable  odour,  render  it  well  adapted  for  toilet  pur- 
poses. In  France  a  good  toilet-soap  is  prepared  £rom  a  mixture  of  9  parts  of  palm-oil 
and  1  part  of  cocoanut-oil;  and  a  demi-palme  soap,  also  for  the  toilet,  with  11 
parts  of  white  tallow,  3  parts  of  palm-oil,  1  part  of  cocoanut-oil,  and  1  part  of  puri- 
fied yellow  resin. 

Bonn  (or  YcUow)  Soap, — Colophony  at  the  boiling  temperature,  when  it  is  perfectly 
fluid,  combines  with  the  alkalis  much  more  rapidly  and  with  greater  ease  than  the 
fiits  themselves.  The  soap  separates  on  the  surface,  when  an  excess  of  carbonate  is 
used,  or  in  presence  of  common  salt,  as  a  thick  slimy  brown  mass,  smelling  strongly 
of  rosin,  ana  containing  15*8  per  cent,  of  dry  soda.  The  amount  of  water  in  this  soap, 
although  not  exceeding  27  to  30  per  cent.,  is  nevertheless  sufficient  to  communicate  to 
the  soap  a  smeary  viscid  consistence,  which  is  not  altered  by  long  exposuie  to  the 
air.  The  attraction  of  the  soap  for  water  is  so  great,  that  it  becomes  liquid  on  expo- 
sure, after  having  been  previously  dried  artificially. 

Although  rosin-soap  by  itself  is  thus  unfitted  for  use,  an  excellent  and  perfectly  firm 
pcoduct  is  obtained  by  its  combination  in  certain  proportions  with  tallow  and  palm-oil 
Boap.  The  amount  of  rosin  in  this  mixture  should  not  exceed  one-third  of  the  fat;  15 
per  cent,  of  rosin  makes  a  good  soap,  but  beyond  that  limit,  the  soap  is  depreciated  in 
colour  and  firmness.  The  grease-stock  of  which  this  kind  of  soap  is  generally  made 
consists  of  kitchen-fat,  bone-fat,  and  red  oil. 

The  best  plan  of  preparing  this  soap,  is  to  saponify  the  rosin  and  tallow  separately, 
and  to  mix  the  two  soaps  in  the  boiler,  where  they  are  retained  in  a  state  of  ebullition 
for  some  time,  until  a  uniform  mixture  has  been  effi»cted ;  salt  is  then  added,  and  the 
soap  brought  into  the  moulds.  It  is  not  advisable  to  mix  the  separate  soaps  in  the 
moulds,  which  is  a  plan  sometimes  adopted.  In  this  country  and  in  America,  where  rosin- 
soap  was  first  manufactured,  it  is  usual  to  add  the  rosin,  in  the  form  of  coarse  powder, 
with  the  last  quantity  of  ley,  to  the  fatty  (palm-oil  or  tallow)  soap,  consequently 
Mbie  the  boilmg  is  finished ;  and  to  boil  the  mixture  with  the  necessary  addition  of 
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reraains  clear  on  cooling  without  exhibiting  any  fattj  border,  which  would  indicate 
incomplete  saponification  :  if,  on  the  other  hand,  there  is  an  excess  of  ley,  the  drop  is 
^imular  without  lustre,  and  a  grey  skin  gradually  spreads  over  its  whole  surface, 
when  the  right  proportions  have  been  attained,  the  excess  of  water  is  removed  by 
evaporation,  the  fire  being  increased  and  the  evaporation  accelerated  by  beating  the 
Ax>th  with  stirrers,  so  as  to  renew  the  air  over  its  surface.  As  evaporation  proceeds,  the 
soap  becomes  thicker,  its  colour  becomes  darker,  and  less  fr6th  is  produced.  At  last 
the  froth  is  so  much  diminished  that  the  soap  sinks,  and  tho  bubbles  are  so  fur  larger 
that  they  resemble  films  or  lamellse,  which  overlap  and  cover  each  other  upon  the 
surface.  This  is  what  the  soapboilers  term  the  laminntion,  and  the  noise  occasioned 
by  the  process  gives  rise  to  the  saying,  "  The  soap  talks."  Tlie  soap  is  now  really 
finished,  but  another  specimen  or  test  is  taken  before  it  is  scooped  out  into  the  moulds. 
When  this  no  longer  shows  any  opaque  zone,  after  having  cooled  for  some  time,  or 
only  in  a  very  slight  degree,  it  may  be  safely  concluded  that  the  proportions  in 
the  pan  have  been  properly  attained.  The  fire  is  then  extinguished,  the  soap  is  left 
for  some  time  longer  in  the  pan  to  cool,  and  packed  in  small  casks  for  sale. 

There  are  two  £nds  of  soft  soap  known  in  commerce,  the  composition  of  which  is  a* 
follows : — 

First  Second 

quality.  quality. 

Fat-acids       ....        600  400 

Potash           .        .        .        .        11-6  9-6 

Water,  &c 38-5  605 

1000  1000 

Some  kinds  of  oil,  hempseed-oil  for  example,  impart  to  the  soap  a  green  oolour, 
which  is  much  priced  by  consumers :  hence  it  is  often  artificially  product  by  mixing 
the  soap  with  indigo  precipitate  by  potash  from  its  solution  in  sulphuric  ado. 

A  so-called  com  or  grain  is  sometimes  produced  in  soft  soap  by  the  addition  of 
tallow.  The  soap  then  retains  its  ordinary  character,  but  fine  granular  particles  of  a 
crystalline  structure  are  observed  in  it,  consisting  probably  of  salts  of  stearic  and 
palmitic  acids.  The  formation  of  this  grain  requires  a  certain  degree  of  hest^  and  can 
only  be  effected  in  the  colder  seasons  of  \hi  vear,  at  temperatures  between  9^  and  16^  C. 
(48^  and  69°  F.).  This  process  is  called  "figging;"  it  is  practised  merely  from 
habit,  and  no  useful  olject  is  gained  by  it.  Attempts  have  been  made  to  imitate  this 
useless  appearance  in  a  manner  calculated  to  ii\jure  the  quality  of  the  soap.  Thus, 
for  instance,  slaked  lime  has  been  used,  with  the  production  of  a  lime-soap,  and  even 
starch  has  sometimes  been  mixed  up  with  the  soap. 

All  kinds  of  soft  soap  exhibit  a  strong  alkaline  reaction,  and  are  characterised  by  a 
penetrating  disagreeable  odour,  which,  however,  does  not  necesaarily  resemble  that  of 
the  fats  emplov^.  The  smell  is  most  perceptible  in  soaps  prepued  from,  train-oil, 
and  is  due  to  the  presence  of  potassic  valerate. 

Soft  soap  is  nsed  to  some  extent  for  washing,  coarse  linen,  but  it  is  of  far  greater 
importance,  as  an  indispensable  and  powerful  detergent,  in  the  linen-bleaching  works. 

Soda  Soft  Soaps. — ^According  to  Gentele's  recent  experiments  on  a  large  scale,  the 
potash-base  of  soft  soaps  may  in  part  be  replaced  by  soda,  without  disi^vantaffe  to 
the  resulting  soap.  The  product  has  the  characteristics  of  soft  soap,  but  contains  a 
little  more  water.  The  leys  must  be  free  from  salt  and  oth^r  saJune  impurities,  as 
they  prevent  the  clarifying  of  the  soap.  The  best  proportion  is  1  pt  of  sooa  to  4  pts. 
of  potash-ley.  A  mixture  of  100  lbs.  of  red  oil,  60  lbs.  of  tallow,  and  3,760  lbs.  of 
hempseed-oU  makes  a  good  stock  for  this  soap. 

AU  the  soil  soap  (sawm  vert)  made  in  Belgium  and  G^ermany  contains  about  equal 
proportions  of  soda-  and  potash-soaps. 

A  soft  soap  of  firm  consistence  (white  soft  soap)  may  also  be  made  by  melting 
together  76  pts.  of  tallow  or  tallow-oil,  and  26  pts.  of  cocoanut-oil,  and  boiling  the  mix- 
ture with  lev  till  the  paste  sharply  bites  the  tongue.  At  this  stage,  salt  solution  of 
20^  B.  is  added,  to  give  consistence  to  the  paste,  and  the  soap  on  oooliiig  is  then  leadj 
to  be  barrelled. 

Toilet  Soaps. — These  soaps  consist  either  of  very  pure  ordinary  curd-soap,  or  of 
soaps  prepared  by  the  cold  process  (p.  814)  with  krd,  beef-marrow,  or  sweet-almond 
oil,  ana  perfumed  in  either  case  with  various  essential  oils.  To  refine  an  ordinary 
soap— which  should,  of  course,  be  as  fr«e  as  possible  from  colour  and  impurity — for 
toilet  purposes,  it  is  reduced  to  shavings,  and  melted  over  a  water-bath  with  rose  and 
orange-fiower  water  and  salt,  24  lbs.  soap  being  thus  mixed  with  4  pints  of  rosewater, 
4  puts  of  orange-flower  water,  and  two  large  handfulsof  salt  The  next  day,  if  entirely 
cooled,  the  soap  is  cat  up  into  small  bars  and  dried  in  a  shady  place,  then  melted  anew 
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ground  bones,  dextrin,  oleaginous  seeds,  potatoes,  glue,  vool,  cotton,  &c,  some  of  which 
are  said  by  the  inventors  to  increase  the  detergent  power  of  the  soap ;  also  for  the 
so-called  saponification  of  various  kinds  of  animal  refuse  (such  as  stale  fish,  intestines, 
skins,  hoofs,  &c.)  by  boiling  them  with  alkali ;  but  most  of  the  soaps  thus  prepared 
are  worthless  articles,  or  if  they  have  any  value  at  all,  it  is  simply  in  proportion  to 
the  amount  of  genuine  soap  made  from  &it  contained  in  them* 

The  late  Dr.  Normandy  patented  several  processes  for  the  preparation  of  "  salinated 
soap."  This  soap  contains  the  sulphates  and  carbonates  of  sodium  and  potassium,  or 
sulphate  and  hydrosulphito  of  sodium,  added  while  the  soap  is  yet  in  paste.  One  pro- 
cess consists  in  adding  to  80  lbs.  of  soap,  28  lbs.  of  sulphate  of  sodium,  and  4  lbs.  of  car- 
bonate of  potassium,  or  2  lbs.  of  carbonate  of  potassium  and  2  lbs.  of  carbonate  of 
sodium.  Or,  if  the  substances  are  used  singly,  then  to  80  lbs.  of  soap  add  only  32  lbs. 
of  sulphate  of  sodium,  16  lbs.  of  carbonate  of  potassium,  or  10  lbs.  of  carbonate  of 
sodium.  As  this  soap  contains  an  excess  of  alkali,  it  may  perhaps  answer  well  for 
marine  use. 

The  addition  of  these  salts  renders  the  soap  harder,  and,  according  to  the  inventor, 
renders  it  possible  to  prepare  a  useful  soap  from  several  cheap  oils,  which  would  other- 
wise yield  a  soap  too  soft  for  ordinary  use.  Sulphite  and  hyposulphite  of  sodium  have 
also  the  property  of  removing  the  chlorine  which  bleached  febrics  are  apt  to  retain, 
and  by  which  they  are  deteriorated. 

(For  further  details  respecting  these  mixed  soaps,  and  various  other  patent  soaps, 
see  Chemical  Technology,  i.  [3],  716.) 

Sailway  and  lV^anr<Mi  Orease. — The  grease  or  soap  used  for  diminishing 
friction  on  the  axles  of  carriages  is  of  two  kinds.  The  one,  called  *'  locomotive  grease," 
adapted  for  high  velocities,  is  prepared  by  heating  palm-oil,  or  a  mixture  of  palm-oil 
and  tallow,  with  a  solution  of  sodic  carbonate,  whereby  an  imperfect  soap  is  produced. 
The  grease  thus  prepared  is  used  for  passenger-carriages,  and  lately  also  for  such 
goods  and  mineral  wageons  as  are  provided  with  axle-boxes. 

The  other  kind,  called  "antifriction  "  or  *' waggon-grease,"  is  adapted  for  low  speed, 
and  is  used  for  waggons  having  no  axle-boxes.  It  was  originally  prepared  by  agitating 
rosin-oil  (obtained  by  distillation  of  colophony)  with  milk  of  lime  m  a  pulpy  condi- 
tion ;  but  the  present  high  price  of  rosin  has  compelled  manufacturers  to  employ 
several  cheaper  substitutes  for  it — such  as  paraffin  residues  mixed  with  coid-tar, 
residues  from  candle-making,  cotton-seed  oil,  fish-oil  or  footes,  pitch-oil,  the  heavier 
parts  of  American  petroleum,  &c    {Chemical  Technology ,  i.  [3],  742;  [6],  655.) 

Analysis  and  Valuation  of  Soap, 

The  value  of  soap  depends  mainly  on  the  amount  of  dry  soap  (the  dry  compound 
of  alkali  with  the  fatty  acid)  contained  in  it,  and  this  is  easily  ascertaraed  by  ex- 
posing a  weighed  specimen,  in  the  form  of  thin  shavings,  to  the  heat  of  a  drying  stove 
or  over  oil  of  vitnol  till  its  weight  no  longer  diminishes.  The  residue  is  dry  soap, 
and  the  loss  of  weight  is  hygroscopic  water,  or  wat^r  which  has  been  purposely  added  to 
the  soap,  either  in  the  pan  after  it  has  been  brought  to  the  state  of  curd,  or  after  its 
transference  to  the  frames. 

To  determine  the  proportion  of  fat-acid  and  alkali,  the  dried  soap  is  decomposed 
by  a  measured  volume  of  standard  sulphuric  acid,  and  the  fiit-adds  and  rosin  which 
rise  to  the  surface  are  coUected  on  a  weighed  filter,  washed  with  hot  water,  dried  in  a 
vacuum,  and  weighed.  The  weight  expresses  the  joint  amount  of  fett^  and  rosin-acids 
in  the  soap.  Cold  alcohol  will  dissmve  out  the  fiittv  acid,  together  with  a  small 
quantity  of  rosin,  and  the  filter  dried  in  a  vacuum,  ana  weighed  again,  gives  approxi- 
mately the  amount  of  rosin. 

The  nature  of  the  fisit-acids  may  be  determined  by  their  consistency  and  melting- 
point.  If  oleic  acid  ^;reatly  predominates,  so  that  the  fat-acids  show  but  little  tendency 
to  solidify,  the  quantitative  estimation  may  be  fiEUsilitated  by  the  addition  of  a  weighed 
quantity  of  white  wax. 

The  quantity  of  sulphuric  acid  neutralised  by  the  alkali  in  the  soap  is  deter- 
mined by  means  of  the  quantity  of  a  standard  solution  of  caustic  soda  required  to  neu- 
tralise the  excess  of  add  remaining  after  the  decomposition  (see  Alkalimbtbt,  i.  117, 
261).  This  determines  the  quantity  of  alkali  in  the  soap;  and  the  total  amount  of 
water,  alkali,  and  fatty  acids  deducted  from  the  weight  of  soap  analysed,  gives  the 
quantity  of  foreign  matter  present,  which,  if  the  soap  is  unadulterated,  should  not 
exceed  1  per  cent. 

The  amount  of  alkali  in  soap  may  also  be  determined  by  incinerating  the  soap  in  a 
muflie.  The  residue  then  consists  c^  sodic  or  potassic  carbonate,  which  may  be  weighed, 
and  the  quantity  of  alkali  thence  calculated  if  the  soap  is  genuine,  or  determined  by  the 
alkalimetric  method  if  other  substances  are  likewise  present. 
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sodic  or  potassic  carbonate ;  10  cabic  centimetres  of  the  solution,  clarified  hj  standing, 
are  then  diluted  with  water,  and  precipitated  by  chloride  of  calcium.  The  precipitate, 
consisting  of  the  calcium-salts  of  the  fat-acids,  is  washed,  dried  at  100^  C,  and 
weighed.  100  parts  of  this  precipitate  correspond,  according  to  Grager,  with  100'6 
parts  of  anhydrous  soap,  that  is  of  sodic  stearate,  the  result  not  being  perceptibly 
affected  by  the  fact  that  the  acid  of  soap  is  not  pure  stearic  acid,  but  likewise  contains 
palmitic  and  oleic  acids. 

The  extreme  limit  of  water  in  genuine  hard  soap  is  20  per  cent,  for  mottled,  25  for 
white,  and  30  for  yellow  soap.  The  proportion  of  alkaline  bases  is  mostly  from  8  to  9 
per  cent.,  and  that  of  the  fat-acids  from  60  to  70  per  cent.  In  yellow  soap,  part  of 
the  fat  is  replaced  by  10  to  20  per  cent,  of  rosin,  and  soaps  made  from  cocoanut-oil 
contain  a  much  larger  amount  of  normal  water  than  those  made  from  tallow  or  olive- 
oil,  l^ut  the  above  proportions  may  be  regarded  as  standards  of  comparison  ;  and  any 
deviation  from  them  indicates  a  deterioration  in  the  quality  of  the  soap,  either  from 
excess  of  water,  or  from  the  substitution  of  some  foreign  substances  for  the  normal 
constituent  of  the  soap.     (See  further  Chemical  Technology,  i.  [3J,  729;  [6],  318.) 

SOAPSTOVB.  Soap-rock.  Pierre  de  Savon.  Sei/enstein.  Steatite  in  part. — A 
soft  massive  mineral,  occurring  in  veins  in  serpentine  at  the  Lizard  Point  in  Cornwall 
and  elsewhere.  It  is  brittle  after  drying,  has  a  greasy  lustre,  and  white,  yellowish, 
bluish,  or  reddish  colour ;  does  not  adhere  to  the  tongue.  Specific  gravity  =  2*20. 
Before  the  blowpipe  it  gives  off  water  and  blackens  ;  thin  splinters  fuse  with  difficulty 
on  the  edges.     Perfectly  soluble  in  sulphuric  acid. 

Analysts. — a.  From  Lizard  Point  (Klaproth,  Beitrdge^  ii.  180;  v.  22). — h.  From 
the  same  (S  van  berg,  Pogg.  Ann.  liv.  267;  Ivii.  166). — c.  Gae  Grease,  Cornwall 
(Ha  ugh  ton,  Phil.  Mag.  [31,  x.  253). — rf.  Kynance  Bay,  Cornwall  (H  aught  on). — 
e  Frankenstein  in  Silesia :  Kerolite  (Maak,  Schw.  J.  Iv.  304).—;/!  Svardsjoin  Dalarne, 
Sweden:  Piotin  or  Saponite  (S  van  berg,  loc.  cit.). — y,  h.  North  shore  of  Lake 
Superior:  Thaliie  (Smith  and  Brush,  ioc,  cit.): 

a.           b,           c,            d.            e.  f.  g,  h. 

Silica        .                 4500  46*8  4210      4247      37*95  50*89  48*89  45*60 

Alumina  .        .         925        80  7*67        6*65      12*18  9*40  723  4*87 

Ferric  oxide      .          1*00        0*4 206  2*46  2*09 

Magnesia.         .        24*75  33*3  30*57       28*83      1802  26*52  2417  24*10 

Lime         .        .        .     .          0*7 0*78  .     .  1*07 

i^''  :    ;    ."■"  :  :   :  :    :  :    :  :    : : !  o"    o-45 

Water      .        .       J18;00     Jll^      18-46       19*37      3100       1050       15*66      20*66 

98*76     100*2       98*80       9732      99*16     10015       99*22       98^4 

These  analyses  cannot  be  reduced   to  any  single  formula:  indeed,  it  is  doubtful 
whether  any  of  the  minerals  to  which  they  refer  are  definite  compounds. 

SOAPm^OBT.  Saponizria  officin'alis.-^The  root  of  this  plant,  which  contains 
saponin  (p.  192),  is  used  for  washing  and  cleansing  dresses,  &c.  (See  Ur^ 8  Dictionary  of 
Arts,  iii.  719.)  ... 

SOBA.  This  term,  in  8<;;entiQc  language,  is  applied  to  the  anhydrous  protoxide  of 
sodium,  Na^O,  or  the  hydrate,  NaHO,  but  in  technological  language,  it  denotes  also  the 
neutral  carbonate,  Na'CO'  or  Na*O.CO*.  The  mode  of  occurrence  of  this  salt  in  nature 
and  its  properties  have  been  described  under  Ca.bbonatbs  (i.  702).  It  was  formerly 
prepared  from  the  ashes  of  marine  plants,  chiefiy  from  certain  species  of  salsola,  some 
of  which  (viz.,  SaJsola  dnvifolia  and  8.  Soda)  yield  an  ash  containing  more  than  40  per 
cent,  of  neutral  sodic  carbonate.  But  the  quantity  obtained  frdm  these  sources  at  the 
present  day  is  altogether  insignificant  compared  with  that  which  is  produced  from  com- 
mon salt  by  the  mode  of  decomposition  invented  byLablanc,  and  consisting : 

1.  In  converting  chloride  of  sodium  into  sulphate  by  heating  it  with  sulphuric  acid. 

2.  In  converting  the  sulphate  into  carbonate  by  heating  it  with  chalk  or  limestone  and 
coal, 

A  brief  outline  of  this  process  is  given  under  Ci.bbonatbs  (i.  702),  and  a  full  account 
of  it,  with  figures  and  descriptions  of  the  apparatus  used,  will  be  found  in  Richard- 
son and  Watts's  Chemical  TechnoUgy,  (i.  [31,  204—295  ;  [5],  234—265).  In  the 
present  article  we  shall  enter  somewhat  more  nilly  into  the  theory  of  the  second  part 
of  the  process,  the  "  balling  process  "  as  it  is  called,  especially  wiUi  reference  to  recent 
investigations. 

Dumas  suggested,  for  the  explanation  of  Leblanc's  process,  a  theory  which  may  be 
expressed  by  the  equation: 

2Na«S0«     +     3CaC0«     +     C»     -     2Na«C0»     +     Ca0.2CaS     +     lOCO. 

T  "hich  was  for  many  years  universally  received  as  correct,  supposes  that  the 
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black  ash  Or  ball-soda  contains  an  dzysnlphide  of  calcium,  Ca0.2CaS.  This  compound 
has  nerer  been  isolated,  but  its  existence  was  assumed,  because  it  was  believed  that  if 
the  calcium  in  the  ball-soda  existed  as  oxide  and  sulphide  not  combined  together  in 
the  form  of  an  insoluble  oxysulphide,  the  carbonate  of  sodium  and  sulphide  of  calcium 
would,  when  brought  in  contact  with  water,  immediately  decompose  one  another, 
forming  sulphide  of  sodium  and  carbonate  of  calcium.  A  similar  theory  of  the  process 
was  given  by  Unger  (Ann.  Ch.  Pharm.  Ixxxi.  328),  who  assigned  to  the  supposed 
oxysulphide  the  composition  CaO.SCaS.  Kynaston  (Chem.  Soc.  Qu.  J.  xi.  155) 
supposed  the  ball  soda  to  contain  an  insoluble  compound  of  sulphide  and  carbonate  of 
calcium,  CaCO*. 2CaS. 

Gossage  however  pointed  out,  in  the  specification  of  a  patent  obtained  in  1838  (Ko. 
7416),  that  the  undissolved  residue  remaining  from  the  lixiviation  of  black  ash  with 
water,  consists  almost  entirely  of  monosulphide  and  carbonate  of  calcium,  not  chemi- 
cally combined,  but  merely  mixed ;  further,  that  this  monosulphide  of  calcium  is  per- 
fectly insoluble  in  water,  and  therpfore  does  not  decompose  the  sodic  carbonate  when 
the  black  ash  is  treated  with  water,  such  decomposition  taking  place  only  in  so  far  as 
a  portion  of  the  monosulphide  may  have  been  converted  into  a  soluble  polysulphide 
during  the  treatment  in  the  furnace.  - 

These  results  are  fully  confirmed  by  the  recent  experiments  of  Dubrunfaut  (Bull. 
Soc.  Chim.  1864,  i.  240),  Sc hen rer— He's tner  {U/id.  169),  Pelouze  (Compt.  rend. 
[1866],  liii.  314),  and  especially  of  J.  Eolb  (Ann.  Ch.  Phys.  [4],  vii.  318;  BuU. 
Soc.  Chim.  1866,  ii.  11). 

Dubrunfaut,  by  heating  to  redness  a  mixture  of  1  at.  sulphide  of  sodium  and  1  at. 
chalk,  obtained  exactly  1  at.  sodic  carbonate  and  1  at.  calcic  monosulphide,  CaS. 

Kolb  treated  in  a  soda-fiimace  two  series  of  mixtures  of  chalk,  carbon,  and  sodic  sul- 
phate, the  first  series  being  in  the  proportions  corresponding  to  the  equation  of  Dumas 
above  given — the  second  corresponding  to  the  equation  : 

Na«SO*     +     CaCO"     +     C*       «       Na'CO»     -f     CaS     +     4C0, 

in  which  it  will  be  observed  that  no  oxide  of  calcium  is  formed.  Thfse  two  mixtures, 
when  calcined  and  afterwards  lixiviated  under  similar  conditions,  yielded  exactly  the 
same  results.  Hence  Kolb  concludes  that  the  action  of  charcoal  on  a  mixture  of  sodic 
sulphate  and  ca,lcic  carbonate  in  equal  numbers  of  atoms  yields  sodic  carbonate  and 
calcic  sulphide,  easily  separable  by  lixiviation  at  ordinary  temperatures. 

In  this  operation  the  reduction  of  the  sodic  sulphate  by  the  carbon  may  be  explained 
in  two  ways : 

1.  According  to  the  ordinary  theory,  the  exchange  takes  place  as  represented  by  the 
equation : 

Na«SO*     +     CaCO»       «       Na«CO«     +     CaSO*, 

the  carbon  then  acting  on  the  calcic  sulphate  so  ns  to  reduce  it  to  sulphide. 

2.  The  charcoal  may  be  supposed  to  exert  a  direct  reducing  action  on  the  sodic 
sulphate,  double  decomposition  then  taking  place  between  this  compound  and  the 
calcic  carbonate. 

This  latter  view  is  confirmed  by  the  experiments  of  Kolb,  who  finds  that  a  mixture 
of  sodic  sulphate  and  chalk,  calcined  at  a  bright-red  heat,  yields  nothing  but  sodic 
sulphate  and  quicklime. 

The  reduction  of  the  sodic  sulphate  by  charcoal  might  take  place  in  two  ways,  viz. : 

(1)  Na'SO*     +     C*       =       Na«S     +     4C0 

(2)  Na'SO*     +     C«       =       Na«S     +     2C0». 

But  the  composition  of  the  p:as  evolved  shows  that  the  reaction  takes  place  according 
to  the  secona  of  these  equations,  and  accordingly  that  the  production  of  sodic  carbonate 
should  require  the  materials  to  be  in  the  proportions  deduced  from  the  equation  : 

Na'SO*     +     CaCO«     +     C«       -       Na«CO«     +     CaS     +     2C0«. 

But  by  actual  experiment  w\\h  these  proportions  in  the  soda-furnace,  it  is  found  that 
half  the  sodic  sulphate  remains  unaltered,  part  of  the  charcoal  being,  in  fact,  employed 
in  decomposing  the  chalk  according  to  the  well-known  equation : 

CaCO»     +     C       «       CaO     +     2C0  ; 

so  that  the  action  of  the  carbon  is  divided  between  the  sodic  sulphate  and  the  chalk, 
in  the  manner  shown  by  the  equation  : 

Na»SO*     +     CaCO»     +     C«       =       Na«S     +     CaO     +     2C0^     +     2C0. 

The  chalk  being  decarbonised  at  the  same  time  that  the  sodic  sulphate  is  reduced,  it 
follows  that  the  carbonic  acid  of  the  chalk  cannot  contribute  to  the  formation  of  the 
sodic  carbonate.  Kolb  has  in  fact  shown,  by  a  series  of  analvtical  experiments,  that 
the  formation  of  sodic  carbonate  and  calcic  sulphide  in  the  balling  furnace  is  produced 
by  the  action  of  carbonic  acid,  parly  resulting  from  the  reduction  of  the  sodic  sulphide. 
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partly  ezisting  in  the  gases  of  the  furnace.  Accordingly,  when  the  mixture  is  heated  in 
cmcibles,  so  that  it  is  not  much  exposed  to  the  fdniace-gases,  a  highly  sulphuretted 
soda  is  obtained,  whereas  when  it  is  heated  in  tubes  traversed  by  a  current  of  carbonic 
acid  gas.  a  very  pure  sodic  carbonate  is  obtained. 

The  temperature  best  adapted  for  the  production  of  ball-soda  is  between  the  melting- 
point  of  bronze  and  of  silver.  Below  the  former,  the  reaction  is  incomplete ;  above 
the  latter  the  soda  is  "  burnt,^ — that  is  to  say,  the  sodic  carbonate  is  decomposed,  as 
shown  by  the  following  equation,  yielding  oxide  and  sulphide  of  sodium : 

Na'CO»     +     C   * «     Na'O     +     2C0 ;  and  Na«0     +     CaS     «     Na«S     +     CaO. 

Kolb  has  also  analysed  a  series  of  samples  of  ball-soda  in  the  manufacture  of  which 
the  coal  had  been  replaced  by  wood-charcoal,  peat,  wood-shavings,  &c  All  these 
samples  yielded  similar  results,  whence  it  appears  that  the  proportion  of  carbonaceous 
matter  to  be  introduced  into  the  mixture  depends  wholly  upon  its  reducing  power, 
which  may  be  determined  beforehand  by  an  experiment  with  litharge. 

The  residts  show  that  the  proportions  required  by  theory  are : 

Sodic  sulphate        ....     100*0  parts 

Chalk 70-4    „ 

Carbon *      .      25*5    „ 

These  proportions  may,  however,  be  considerably  varied  without  sensibly  afiecting  the 
result. 

Action  of  Air  and  Water  on  Black  Ash  or  Ball  Soda  (Kolb). — Dry  air  deprived  of 
carbonic  acid  has  no  action  on  ball-soda,  either  at  ordinary  temperatures  or  at  100^ ; 
but  at  a  red  heat  it  converts  the  sulphide  of  calcium  into  sulphate,  which  in  the  sub- 
sequent lixiviation  reconverts  a  certain  portion  of  the  sodic  carbonate  into  sodic  sul- 
phate, and  thereby  diminishes  the  percentage  of  alkali  in  the  product. 

Carbonic  anhydride  in  the  dry  state  has  no  action  on  black  ash  (it  does  not  act, 
indeed,  either  on  lime  or  on  sulphide  of  calcium)  ;  but  in  presence  of  moisture,  it  first 
converts  the  lime  into  carbonate,  and  then  acts  on  the  sulphide  of  calcium,  forming  car- 
bonate and  sulphydrate  of  calcium : 

CaS  +   HK)   4-   C0»     -     CaCO»  +  H«S ;  and  H«S  +   CaS     -     CaH«S«. 

When  black  ash  is  exposed  to  moist  air,  the  lime  contained  in  it  is  first  hydrated  by 
the  aqueous  vapour,  and  afterwards  converted  into  carbonate.  At  the  same  time,  any 
sulphide  of  sodium  that  may  be  present  in  the  crude  soda,  is  converted  into  hyposul- 
phite, but  the  oxidation  does  not  go  any  fnrther.  The  sulphide  of  calcium,  on  the 
other  hand,  is  oxidised  by  moist  air,  less  quickly  but  more  completely,  being  converted 
into  calcic  sulphate,  which,  as  already  observed,  decomposes  the  sodic  carbonate  during 
lixiviation,  and  thereby  diminishes  the  proportion  of  available  alkali. 

Another  cause  of  the  formation  of  calcic  sulphate,  and  consequent  deterioration  of 
the  ball-soda,  is  the  presence  of  iron  in  the  state  of  ferric  oxide  (not  sulphide),  which, 
in  presence  of  moist  air,  reacts  with  the  sulphide  of  calcium,  forming  lime  and 
Btilphide  of  iron,  which  latter  becomes  oxidised  to  sulphate ;  and  this  again  in  its  turn 
zeacts  with  the  sulphide  of  calcium,  forming  ferrous  sulphide  and  calcic  sulphate: 

Fe«0».2S0*  +   2CaS     -     2FeS  +  2CaS0«  +   0. 

The  same  series  of  actions  therefore  recommences  indefinitely,  so  that  a  very  small 
quantity  of  ferric  oxide  is  sufficient,  under  the  influence  of  moist  air,  to  convert  a  large 
quanti^  of  calcic  sulphide  into  sulphate.  Hence  the  ball-soda  should  not  be  left 
exposed  to  the  air  longer  than  is  necessary  for  the  partial  hydration  of  the  lime  con- 
tained in  it,  so  as  to  facilitate  its  disintegration. 

Action  of  fF«/fr.  — By  subjecting  a  given  weight  of  ball-soda  to  the  action  of  vari- 
able quantities  of  water  for  different  times  and  at  different  temperatures,  Kolb  has 
obtained  the  following  results : — 

1.  A  given  quantity  of  crude  soda  yields  very  different  proportions  of  caustic  soda 
and  sodic  sulphide,  according  to  the  quantity  and  temperature  of  the  water  with  which 
it  is  treated,  and  the  time  of  digestion. 

2.  The  degree  of  causticity  of  the  resulting  solution  is  not  sensibly  affected  by  the 
quantity  of  water  used,  but  increases  with  the  time  of  digestion  and  with  the  tempera- 
ture. 

3.  The  proportion  of  sodic  sulphide  increases  with  the  quantity  of  water,  andmore 
particularly  with  the  time  of  digestion  and  the  temperature. 

4.  The  decrease  in  the  quantity  of  sodic  carbonate  not  only  corresponds  with  the 
quantity  of  caustic  soda  formed,  but  is  also  affected  by  the  variation  in  the  quantity  of 
sodic  sulphide :  hence  it  would  appear  that  the  latter  is  formed  at  the  expense  of  the 
carbonate. 
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6.  The  quantities  of  caustic  soda  and  sodic  sulphide  do  not  appear  to  bear  any  definite 
relation  to  one  another. 

Kolb  has  likewise  examined  the  action  of  water  on  pure  sulphide  of  calcium,  alone, 
and  in  presence  of  sodic  carbonate,  caustic  soda,  and  lime.     The  results  are  as  follows : 

a.  The  quantity  of  calcic  sulphide  dissolved  or  decomposed  by  water  is  Tery  small, 
but  increases  with  the  temperature  and  the  duration  of  the  digestion. 

/3.  Lime  has  no  sensible  influence  on  the  solubility  of  calcic  sulphide  ;  but  a  small 
quantity  of  caustic  soda  stops  the  solution  almost  entirely,  especially  at  common  tempe- 
ratures. 

7.  The  decomposition  of  sodic  carbonate  by  calcic  sulphide :  KaK!0'  +  CaS  » 
Na'S  +  CaCO*,  which  is  considerable  in  Tery  dilute  liqmds,  diminishes  on  concen- 
tration, and  ceases  altogether  in  a  solution  saturated  with  sodic  carbonate. 

9,  The  presence  of  caustic  soda  in  small  quantity  (or,  what  comes  to  the  same  thing, 
of  lime)  prevents  the  action  of  calcic  sulphide  on  sodic  carbonate. 

The  accordance  of  these  last  results  with  the  observed  action  of  water  on  ball-soda 
affords  a  strong  argument  against  the  supposition  that  this  substance  contains  an  oxy- 
sulphide  of  calcium. 

The  following  table  exhibits  the  composition  of  black  ash,  as  determined  by  different 
analysts.  The  arrangement  of  the  basylous  and  acid  elements  in  compounds  is  of 
course  to  a  certain  extent  theoretical:  thus,  in  the  first  three  analyses,  the  oxide  and 
sulphide  of  calcium  are  regarded  as  combined  into  an  oxysulphide,  whereas  in  the  last 
thi«e  they  are  given  separately : 

Comjxmtion  of  Black  Ash. 


Cauel. 

Glas^HO. 

Neufcasil*. 

Unger. 

Brown. 

Richardson. 

Sulphate  of  Sodium 

.       1-99 

1-16 

3-64 

Chloride  of  Sodium 

.       2-54 

1-91 

0-60 

Aluminate  of  Sodium   . 

... 

2-35 

Carbonate  of  Sodium    . 

.    23-67 

35-64 

9-89 

Hydrate  of  Sodium 

.     11-12 

0-61 

25-64 

Liime   .        .        •        •        • 

•     •      . 

6-30 

Carbonate  of  Calcium  . 

.     12-90 

29-17 

16-67 

Oxysulphide  of  Calcium 
Sulphides  of  Iron.        •        • 

.     34-76 

1-13 

35-67 

.      2-46 

4-92 

1-22 

Silicate  of  Magnesiom  . 

.      4-74 

3-74 

0-88 

Ultramarine         .        . 

... 

0-29 

Carbon         •        •        .        . 

.      1-69 

8-00 

4-28 

Sand 

.       202 

4-28 

0-44 

Moisture     .... 

.       2-18 

0-70 

217 

99-86 

100-20 
Liverpool. 

100-00 

KytMtton.    • 

Murphy.  Matpmu  and  Danson. 

Carbonate  of  Sodium 

.     36-879 

41-489 

28-89 

Chloride  of  Sodium 

.       2-528 

1-308 

3-07 

Sulphate  of  Sodium         • 

.       0-395 

0-748 

0-82 

Silicate  of  Sodium  . 

.       1-182 

1-162 

8*27  caustic  soda. 

Aluminate  of  Sodium 

.       0-689 

0-392 

0-40 

Sulphide  of  Calcium 

.     28-681 

33-193 

25-86 

Carbonate  of  Calcium     . 

.       3-315 

0-857 

14-22 

Bisulphide  of  Calcium     . 

.       0-435 

Hyposulphite  of  Calcium 

.       1152 

Sulphite  of  Calcium 

.       2-178 

Caustic  Lime . 

.       9-270 

9-320 

9-24 

Magnesia 

.       0-254 

•      . 

203  as  silicate. 

Sulphide  of  Lron     . 

.       0-371 

Ferric  Oxide  and  Phosphat4 
of  Calcium . 

'1     2-658 

3-020) 

6-23 

Alumina 

*.       1132 

1-020) 

Charcoal 

.      7  007 

4-724 

Sand       .... 

.       0-901 

2-259 

Ultramarine    . 

.       0-959 

Moisture 

.       0-219 
100-205 

•           ■ 

0-99 

99-492 

10002 

80BA  A&uac.    NaAl'"(S0^)M2H*0.— Occurs  native  on  the  island  of  Milo,  at 
the  Solfatara  near  Naples,  and  near  Mendoza,  on  the  east  of  the  Andes.    (See  Sui«- 

PHATES.) 
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SOBA  COPPB&A8.  A  sodio-ferric  sulphate  found  in  the  alum-slate  of  Modum 
in  Norway.     (See  Sulphates.) 

80BA  SPOBVBCSmL     Sjn.  with  Olioocl^se  (iv.  198). 

BODA-lLZXtSS.  A  mixture  of  caustic  soda  and  quick  lime,  used  chiefly  for  nitro- 
gen-determinations in  organic  analysis  (i.  245). 

BOBAXiZTB.  A  sodio-aluminic  silicate,  containing  chlorine,  occurring  in  dodeca- 
hedrons and  other  forms  of  the  monometric  system,  with  dodecahedral  cleavage; 
sometimes  in  twin -crystals,  having  the  form  of  a  hexagonal  prism,  arising  from  the 
combination  of  two  dodecahedrons  ;  also  massive.  Hardness  =  6"5 — 6.  Specific 
gravity  2'26 — 2'37.  Lustre  vitreous,  inclining  to  greasy.  Colour  grey,  greenish, 
yellowish-whito,  and  sometimes  blue.  Subtransparent — subtranslucent.  Fracture 
concho'idal — uneven.     Before  the  blowpipe  it  melts  to  a  colourless  blistered  glass. 

Analyses  (the  chlorine  being  reckonwi  as  chloride  of  sodium) :  a.  From  Vesuvius  : 
colourless;  specific  gravity  ■•  2'136  (Kammelsberg,  Mineralch.  p.  702). — b.  From 
the  same :  green ;  very  rare ;  small  dodecahedrons  with  cubic  faces,  occurring  in  a  lime- 
Citone  with  vesuvian  and  nepholin. — c.  Lamo  near  Brevig  in  Norway :  blue,  in  elaeolite 
(Bork,  Pogg.  Ann.  Ixxviii.  413). — d.  From  the  Ilmen  mountains  near  Miask :  blue,  in 
elaeolite  ;  specific  gravity  »  2-288  (E.  Hofmann  and  G.  Rose,  ibid,  xlvii.  377). — 
e,  Lichfield, Maine  :  blue,  in  elaeolite  (Whitney,  ibid.  Ixx.  431) : 

Silica         .         .         38"*12         38-76         38-86         38-*40         37*46 


Alumina     . 

31-68 

34-62 

30-82 

32-04 

30-93 

Lime  (and  MgO) 

•           • 

•           • 

1-65 

0-32 

hkxia .        .        , 

lS-49 

. 21-19 

16-39  » 

18-24 

18-33 

Potash 

■ 

Sodium 

4-37 

1-67 

4-57 

4-63 

4-65 

Chlorine    . 

6-69 

2-65 

700 1 

710 

6-97 

99-36         98-78         9929       100*73        98*24 

These  analyses  may  be  represented  by  the  formula  NaCl.w(NaAr'SiO*),  (compare 
the  formula  of  hauyne,  iii.  16),  the  sodium-chloride  and  the  silicate  being  crystallised 
together  isomorphously  in  varying  propottionii. 

Sodalite  occurs  in  mica-slate,  granite,  trap,  basalt,  and  volcanic  rocks.  In  Green- 
land it  is  found  in  mica-slate,  together  vfixh  felspar,  hornblende  and  eudialyte. 

BOBAaCZBB.  Olive-cdmired  Sodi\im-compound . — ^When  a  quantity  of  sodium 
which  evolves  from  water  100  measures  pf  hydrogen  gas,  is  heated  in  ammoniacal  gas, 
;t  absorbs  tranquilly  between  142  and  163  measures^  setting  100  measures  of  hydrogen 
iree,  and  assuming  first  a  blue  and  afterwards  a  green  colour.  The  compound  is 
olive-green  and  fusible,  and  manifests  the  same  relations  as  the  corresponding  potas- 
sium-compound (iv.  696).  (Gay-Lussac  and  T h ^ n a r d,  Recherches^ i.  364 ;  H. D a vy, 
Phil.  Trans.  1810,  p.  24.) 

Sodamide  appears  to  be  capable  of  uniting  with  sodic  oxide.  When  a  mixture  of 
oxygen^  and  ammonia  gases,  the  latter  being  In  excess,  is  passed  over  sodium,  sodamide 
alone  is  formed,  and  at  a  lower  temperature 'than*  with  pure  ammonia  gas;  but  if  the 
quantity  of  oxygen  is  increased,  a  fused  ruby-colOured  mass  is  obtained,  consisting  of 
a  compound  of  sodic  amide  and  oxide.  This  compound  is  permanent  in  ammonia  gas, 
even  at  300°,  but  becomes  decolorised  when  air  or  oxygen  is  passed  over  it,  and 
leaves  a  white  substance,  apparently  consistirtg  of  sodic  hydrate. — Potassium  treated  in 
like  manner  yields  a  similar  compound,  but  bf  a  deep  blue  colour.    (W  eyl.) 

pOBAMMOirxUM.  NH'Na,  or  rather  N'H«Na«?  (Weyl,  Pogg.  Ann.  cxxi. 
697;  Jahresb.  1864,  p.  163.) — This  compound  appeairs  to  be  formed  when  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of  sihrer-chloride 
previously  saturated  with  ammonia  gas  at  the  other,  the  tub©  then  sealed,  the  end  con- 
taining the  silver-chloride  heated  in  a  chloride-of-calcium-bath,  and  the  other  end 
immersed  in  cold  water.  The  sodium  then  swells  up,  and  is  converted  into  a  liquid, 
which  is  copper-red  by  perpendicularly  reflected,  greenish-yellow  by  obliquely  reflected 
light,  blue  in  thin  films  by  transmitted  light.  As  the  silver-chloride  cools,  and  the 
ammonia  gas  is  reabsorbed,  the  sodammonium  decomposes  and  pure  sodium  remains 
behind,  having  a  dull  surface  and  spongy  texture.  .  By  again  heating  the  silver-chloride 
the  compound  may  be  reproduced  any  number  of  timeSs 

A  sodammonivm-amalgam  appears  to  be  formed  by  exposing  in  like  manner  to  the 
aption  of  ammonia  gas,  a  pulverulent  amalgam  of  nearly  equal  parts  of  sodium  and 
mercuxy.    After  two  hours  action,  the  portion  of  the  mass  m  contact  with  the  surface 

*  Including  0*51  potuh.  t  Bj  differeuce. 


SODIUM.  329 

of  the  tube  exhibits  a  metallic  lustre  and  bronze-red  colour,  while  the  interior  is  dull 
and  brick-red.  This  product  can  likewise  exist  only  in  an  atmosphere  of  ammonia, 
being  resolyed  in  a  few  hours  after  the  cooling  of  the  silver-chlonde,  into  ammonia, 
free  mercuiy,  and  a  sodium-amalgam  containing  less  mercury  than  the  original  amal- 
gam. 

Potassammonium,'S^*K*?,  IB  prepared  like  sodammonium,  and  exhibits  similar 
properties. 

Other  metallammoniums  may  be  produced  by  the  decomposition  of  sodium-  or  potass- 
ammonium.  Thus  when  a  mjxture  of  a  metallic  chloride  or  oxide  with  an  equivalent 
quantity  of  sodium  is  exposed  in  the  manner  above  described  to  t^e  action  of 
ammonia-gas,  the  gas  is  first  absorbed  by  the  metallic  chloride  (or  oxide)  and  after- 
wards by  the  sodium,  the  sodammonium  thus  formed  flowing  over  the  metallic  salt, 
and  reacting  upon  it  without  much  rise  of  temperature,  With  a  mixture  of  barium- 
chloride  and  sodium  the  reaction  appears  to  be  : 

N»H«Na  +   2NH«   +  Ba"Cl«  -  N«H«Ba"  +   2NH»NaCL 

SiidAinino-  B  •rarif  Chloride  of 

Ilium.  monium.         Sodrfromoniuxn. 

Barammonium  forms  a  deep  blue  liquid  having  a  metallic  lustre. — Copper-,  MeV" 
cury-,  and  SUtMrr-ammonium  are  obtained  in  like  mannes  from  the  respective  chlorides, 
and  zinc-ammanium  from  the  oxide.  These  compounds  are  likewise  very  unstable, 
being  resolved,  even  in  the  scaled  tube,  into  metal  (which  appears  grey,  dull  and 
destitute  of  coherence)  and  ammonia.  If  in  the  arrangement  just  described  the 
metallic  chloride  be  replaced  by  an  ammonium-salt,  ay.  NH^Cl  or  (NH*)%0^,  similar 
reactions  take  place,  and  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess 
of  ammonia.  This  blue  liquid,  which  is  also  formed  by  the  action  of  pot^ssic  hydrate 
on  potassammonium,  appears  to  consist  of  ammonium  itself,  N'H*.  It  is  even  more 
unstable  than  the  metallammoniums,  being  resolved  into  ammonia  and  hydrogen,  partly 
even  before  the  reaction  between  the  ammonium-salt  and  the  sodammonium  is  completed. 

Tetrasodammonium.  NNa*? — Monosulphide  of  sodium  brought  in  contact,  in  a 
sealed  tube,  with  liquid  ammonia,  is  converted  (with  transient  formation  of  liquid 
ammonium)  into  an  orange-yellow  substance,  which  soon  decomposes,  leaving  a  white 
substance  still  containing  ammonia.  This  residue  gives  off  ammonia  on  exposure  to 
the  air,  and  the  odour  of  ammonium-sulphide  when  heated.  It  is  perhaps  formed  in 
the  manner  represented  by  the  equation  : 

4Na»S  +   8NH»  «  (NNa*)^  +   3(NH*)-S. 

Titrapotassammonium  appears  to  be  formed  in  a  similar  manner.    (Weyl.) 

80BZUM.  Atomic  Weight  23.  Symbol  Na  (from  Natrium).  Soda,  the  alkali 
contain' ng  this  element,  was  formerly  confounded  with  potash,  but  was  proved  to  be  a 
distinct  substiinoe  by  Duhamel  in  1736,  and  subsequently  by  Marggraf  in  1768. 
11.  Davy  first  obtained  the  metal  in  the  year  1807. 

Sodium  is  a  very  abundant  element  and  very  widely  diffused.  It  occurs  in  large 
quantities,  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and  many  other  mineral 
waters;  abundantly  also  as  nitrate,  forming  beds  several  feet  thick  on  the  dry  pampas 
of  Peru  ;  more  rarely  as  carbonate,  borate,  and  sulphate,  either  in  springs, 
lakes,  &c.,  or  in  the  solid  state ;  as  eodio-aluminic  fluoride  in  cryolite ;  and  as  silicate 
combined  with  earthy  silicates  in  chabasite,  analcime,  natrolite,  thomsonit<e,  eudialite, 
albite,  soda-spodumene,  labrador,  nepheline,  hauyne,  sodalite,  brewicite,  cancrinite,  and 
achmite  ;  in  very  small  quantity  also  m  bole,  pitehstone,  pumice-stone,  obsidian,  ittnerite, 
and  pinite.  Traces  of  sodium-salts  are  found  in  coal,  in  all  kinds  of  limest^me  and  dolomite, 
and  in  talc,  asbestos,  and  other  minerals.  In  the  vegetable  kingdom  it  occurs  as 
sulphate,  iodide,  and  chloride,  and  combined  with  vegetable  acids,  especially  in  ]^nts 
growing  in  or  near  the  sea  ;  in  the  animal  kingdom,  combined  with  carbonic,  phosphoric, 
sulphuric,  hydrochloric,  and  various  oi^nic  acids. 

Preparation  of  the  Metal.  The  preparation  of  sodium  is  similar  to  that  of  potas- 
sium. Davy  first  obtained  it  by  the  electrolysis  of  the  hydrate;  Gay-Lussac  and 
Th^nard  afterwards  prepared  it  by  decomposing  that  compound  with  metallic  iron 
at  a  white  heat ;  and  Brunner  showed  that  it  may  be  prepared  with  much  greater 
facility  by  distilling  a  mixture  of  sodic  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier  than  that 
of  potassium,  not  being  complicated,  or  only  to  a  slight  extent,  by  the  formation  of 
secondary  products.  Within  the  last  few  years  it  has  been  considerably  improved  by 
Deville  ana  others,  and  carried  out  on  the  manufacturing  scale,  sodium  being  now 
employed  in  considerable  quantity  as  a  reducing  agent,  especially  in  the  manufacture  of 
aluminium  and  magnesium  and  in  the  silver  amalgamation  process  (p.  285). 

The  sodic  carbonate  used  for  the  preparation  is  prepared  by  calcining  the  crystallised 
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neutral  carbonate.  It  must  be  thoroughly  dried,  then  pounded,  and  mixed  with  a 
slight  excess  of  pounded  charcoal  or  coaL  An  inactive  substance,  viz.  pounded  chalk, 
is  also  added  to  keep  the  mixture  in  a  pasty  condition  during  the  operation,  and  pre- 
vent the  fused  sodic  carbonate  from  separating  from  the  charcoal.  The  following  are 
the  proportions  recommended  by  Deville : 


For  Laboratory  Operations. 
Dry  sodic  carbonate     .         .717  parts 
Charcoal*    ....     175    „ 
Chalk 108    „ 


For  Manufacturing  Operations. 
Dry  sodic  carbonate     .        .     30  kilogr. 

Coal 13    „ 

Chalk 3    „ 


These  materials  must  be  very  intimately  mixed  by  pounding  and  sifting,  and  it  is 
advantageous  to  calcine  the  mixture  before  introducing  it  into  the  distilling  apparatus, 
provided  the  calcination  can  be  effected  by  the  waste  heat  of  a  furnace ;  the  mixture  is 
thereby  rendered  more  compact,  so  that  a  much  larger  quantity  can  be  introduced  into 
a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury  bottle  heated 
exactly  in  the  manner  described  for  the  preparation  of  potassium. 

For  manufacturing  operations,  the  mixture  is  introdoced  into  iron  cylinders,  which 
are  heated  in  a  reverberatory  furnace,  and  so  arranged  that,  at  the  end  of  the  distillation, 
the  exhausted  charge  may  be  withdrawn  and  a  ireah  charge  introduced  without  dis- 
placing the  cylinders  or  putting  out  the  fire.  The  receivers  used  in  either  case  are 
exactly  the  same  in  form  and  dimensions  as  those  employed  ib  the  preparation  of 
potassium  (iv.  693). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is  for  the  most 
part  perfectly  pure,  the  carbonised  products  which  give  so  much  trouble  in  the  prepa- 
ration of  potassium  being  produced  in  very  small  quantity  only,  if  at  all.  Nevertnelesa 
a  small  quantity  of  somewnat  impure  sodium  always  remains  attached  to  the  inner 
surface  of  the  receivers ;  hence  when  a  receiver  has  been  used,  the  plates  shouid  be 
separated  and  scraped  before  they  are  used  again  ;  and  the  matter  scraped  off,  being 
received  under  napntba,  ma^  be  collected  after  a  while  and  will  yield  by  distillation  a 
considerable  quantity  of  sodium.  Lastly,  the  pure  metal  obtained  by  this  and  by  the 
first  distillation  is  melted  under  a  thin  layer  of  naphtha,  which  is  decanted  as  soon  as 
the  sodium  becomes  perfectly  fluid,  and  the  metal  is  then  run  into  moulds  like  those 
used  for  casting  lead  or  zinc. 

The  degree  of  heat  absolutely  required  for  the  reduction  of  sodium  is  not  much 
higher  than  for  the  reduction  of  zinc ;  but  the  distillation  goes  on  better  and  a  larger 
product  is  obtained  when  the  temperature  is  raised  considerably  higher.    The  quantity 

of  sodium  obtained  in  a  well  conaucted  operation,  is  about  one-third  of  the  weight  of 

the  calcined  mixture. 

[For  a  derailed  description  of  the  manu&cture  of  sodium,  with  figures  of  the 

apparatus,  see  Chemical  Technology,  i.  [4],  5  and  [5],  125.] 

Properties. — Sodium  has  a  high  lustre,  and  usually  a  silver- white  colour ;  according 
to  Long  however  (Chem.  Soc  Q.  J.  xiii.  123),  its  surface  when  perfectly  clean  and 
metallic,  is  of  a  beautiful  rose  colour,  which  is  best  seen  when  a  ray  of  light  falling  on 
a  surface  of  the  metal  is  reflected  back  fiom  a  second  surface  and  again  reflected  from 
the  first. 

The  specific  gravity  of  sodium  is  0*9348  (Davy);  097223  at  16°  (Gay-Lussac 
and  Thenard) ;  0*985,  reduced  to  a  vacuum  and  compared  with  that  of  water  at  3*9 
(Schroder,  Jahresb.  1869,  p.  12).  It  is  rather  hard  at  —  20®,  very  ductile  at  0°,  of 
the  consistence  of  wax  at  common  temperatures,  semifiuid  at  50°:  melts  completely  at 
97-6°  (Regnault,  Jahresb.  1856,  p.43Xat  95*60(Bunsen.  ibid.  1863, p.  178).  When 
a  few  grammes  of  sodium  are  melted  in  a  sealed  tube  filled  with  coal  gas,  then  lefl 
to  cool  till  a  few  solid  points  appear  on  the  surface,  and  the  remaining  liquid 
suddenly  poured  off  by  inclining  the  tube,  the  solidified  portion  remains  in  shining 
octahedral  crystals  belonging  to  the  dimetric  system  and  having  the  plane  angles  at 
the  apex  «  50^  (Long).  Sodium  is  less  volatile  than  potassium  (Davy;  Gay-Lussac 
and  Thenard) ;  rather  more  so  (Mitscherlich).  Its  vapour  is  colourless.  Sodium 
is  an  excellent  conductor  of  heat  and  electricity. 

Sodium  when  exposed  to  the  air  oxidises  like  potassium,  but  not  quite  so  rapidly. 
When  heated  in  the  air  it  bums  with  a  yellowish  flame,  forming  protoxide  and  dioxide 
of  sodium.  When  heated  in  oxygen  gas  till  it  no  longer  increases  in  weight,  it  is 
wholly  converted  into  dioxide.  When  dropt  upon  cold  water,  it  decomposes  a  portion 
of  the  water,  liberating  hydrogen  and  running  about  on  the  surface  with  a  oissing 
noise,  but  the  gas  does  not  take  fire  unless  the  water  be  previously  heated. 

Sodium  is  a  monatomic  metal  belonging  to  the  group  which  includes  the  other  alkali- 
metals  and  silver.  With  chlorine,  bromine,  iodine  and  fiuorine,  it  forms  the  compounds 
KCL  KBr,  &c ;  with  oxygen  it  forms  a  protoxide  Na*0,  the  corresponding  hydrate 
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NaHO,  and  a  dioxide  NaH)* ;  with  ralphnr,  a  protosnlphide  Na^,  a  snlphydrate  NaHS, 
and  several  polysolphides. 

BOBZITMt  A&&OT8  OF.  These  alloys  closely  resemble  those  of  potassium,  and 
are  prepared  in  like  manner  by  fusing  sodium  with  the  respective  metals.  The  amalgam 
of  sodium  (iii.  889)  is  much  used  as  a  reducing  or  hydrogenating  agent.  M.  Scholz 
(J.  pr.  Chem.  Izxix.  441),  by  adding  sodium  to  mercury  in  such  quantity  that  the 
prouuct  solidifies  completely  on  cooling,  then  pressing  out  the  excess  of  mercury,  fusing 
the  remaining  amalgam,  and  leaving  it  to  cool  slowlv,  obtains  a  sodium-amalgam, 
crystallised  in  fine  prisms,  often  an  inch  long,  which  mav  be  kept  in  well  closed 
vessels  without  sensible  oxidisation,  and  are  easily  pulverised.  By  further  addition  of 
mercury,  this  amalgam  maybe  brought  to  a  more  or  less  fluid  state. — F.  Muhlhauser 
(Zeitschr.  Ch.  Pharm.  1864,  p.  720)  heats  sodium  under  naphtha  to  90°,  and  allows 
mercury  to  flow  into  it  in  a  flne  stream.  The  sodium  then  swells  up  and  ultimately 
forms  a  solid  mass,  which  may  be  left  to  cool  nnder  naphtha. 

Eespecting  the  alloys  of  potassium  and  sodium,  see  Potassittu  (iv.  695). 

SOBZVMf  AVTXBIOHIlia  OJP.  Prepared  by  direct  combination  of  ita  elements. 
Beaembles  antimonide  of  potassium  (i.  317). 


XMTUM  OF*  This  alloy,  which  is  nsed  for  the  preparation  of  the 
arsenides  of  ethyl,  methyl,  &c.,  is  prepared  by  ^ntly  heating  flnely  pulverised  metallie 
arsenic  in  a  furnace  having  a  good  draught  till  it  begins  to  rame,  and  then  introducing 
small  pieces  of  sodium  from,  time  to  time  till  the  mixture  begins  to  assume  a  fluid 
consistence,  which  effect  takes  place  when  a  quantity  of  sodium  has  been  introduced 
about  equal  to  that  of  the  arsenic  As  the  product  is  highly  combustible  it  is  neces- 
sary to  exclude  the  air,  for  which  purpose  the  arsenic  is  placed  in  a  porcelain  crucible 
endoeed  within  a  hessian  crucible,  both  being  provided  with  closely  fltting  covers, 
which  must  only  be  removed  to  introduce  the  sodium,  or  to  stir  the  mixture  with  an 
iron  rod.  The  action  is  very  violent  and  attended  with  vivid  incandescMice.  The 
alloy,  which  has  a  crystalline  firacture  and  silver-white  colour,  must  be  kept  in  closely 
stoppered  bottles  fllled  up  with  sand.  It  decomposes  water  with  evolution  of  arsen- 
etted  hydrogen,  an  effect  which  takes  place  even  in  damp  air:  hence  it  must  be 
handled  with  caution.     (Landolt,  Ann.  Ch.  Pharm.  Ixxxix.  201.) 


lOMIBa  OF.  NaBr.  This  salt,  produced  by  saturating  hydro- 
bromic  acid  with  soda,  or  by  decomposing  ferrous  bromide  with  sodic  carbonate,  crystal- 
lises by  evaporation  at  temperatures  above  30°,  in  anhydrous  cubes,  at  lower  tempera- 
tures in  oblique  rhombic  prisms  containing NaBr.2HK)  (Mitscherlich).  The  specific 
gravity  of  the  anhydrous  salt  referred  to  water  at  17-5°  as  unity  is  3*079  (Kr  emers, 
Jahresb.  1857,  p.  69).  It  dissolves  easily  in  water  and  in  alcohol.  The  following  table 
exhibits  the  specific  gravities  and  expansions  by  heat  of  solutions  of  various  strengths. 
(Kremers,  Jahresb.  1858,  41.) 

Volumes  of  Aqueous  Bromide  qf  Sodium  at  different  temperatures  (voL  at  19*6®  =  1), 


Quantity  of  salt  in- 
100  parts  of  water 

I              10-4 

43-6 

63  3 

88-1 

Specific  gravitjr  of 
•olutinn  at  19*6^. 

}            1*1450 

i-asM 

1^886 

1-5096 

0° 
19-5 
40 
60 
80 
100 

0-99380 
1-00000 
1-00852 
1-01858 
103021 
1  04347 

0-99189 
1-00000 
1-00980 
102832 
103178 
104421 

0-99067 
100000 
1*01032 
102108 
1-03249 
104453 

1-00000 
1-01076 
1-02164 
103298 
1-04477 

A  saturated  aqueous  solution  boils  at  121°.    (Kremers.) 

BOSZUSKy  CBXORZHB  of.  NaCl.  Common  salt^  Culinary  salt^  Rock-salt^ 
Sea-salt,  formerly  called  Muriate  of  Soda,  This  compound  is  formed  by  the  direct  union 
of  its  elements,  sodium  taking  fire  in  chlorine  gas.  It  may  likewise  be  obtained  pure 
by  neutralising  hydrochloric  acid  with  soda  or  sodic  carbonate  and  evaporating.  It 
occurs  veiy  abundantly  in  nature,  both  in  the  solid  state,  as  rock-salt,  forming  extensive 
beds  in  rocks  of  various  ages, — and  in  solution  in  sea-water,  salt-lakes,  and  brine- 
spriugs ;  in  smaller  proportion  also  in  river  water. 

In  Europe  common  salt  usually  occurs  in  the  new  red  sandstone,  or  associated  with 
red  marl,  but  it  is  not  confined  to  those  rocks.  In  Durham,  Northumberland,  and 
Ijeicesterehire,  salt-springs  arise  from  the  carboniferous  series ;  in  the  Alps,  some  salt- 
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works  are  supplied  from  oolitic  rocks :  the  extensive  mines  of  Cardona  in  Spain  are 
referred  to  the  greensand  formation,  those  of  Wieliczka  in  Poland  to  tertiary  rocks. 
Salt-springs  occur  also  in  volcanic  regions.  In  the  United  States  the  brine  comes 
mostly  from  Silurian  sandstones.  Salt  occurs  also  as  efflorescences  over  the  dry 
prairies  of  the  Kocky  mountains  and  California ;  and  in  most  desert  and  semi-desert 
regions  there  are  numerous  salt  lakes. 

The  principal  salt  mines  of  Europe  are  at  Wieliczka  in  Poland ;  at  Hall  in  the 
Tyrol,  and  along  the  range  through  Keichenthal  in  Bavaria,  Hallein  in  Salzburg,  Hal- 
stadt,  Ischl  and  Ebensee  in  Upper  Austria,  and  Aussee  in  Styria ;  at  Stassfiirth  near 
Magdeburg;  in  Hungary  at  Marmoros  and  elsewhere ;  in  Transylvania,  Wallachia, 
GaUicia  and  Upper  Silesia ;  at  Vic  and  Dreuze  in  France ;  in  the  valley  of  Cardona  and 
elsewhere  in  Spain  ;  at  Bex  in  Switzerland ;  at  Northwich  and  elsewhere  in  Cheshire ; 
and  near  Belfast  in  the  north  of  Ireland.  At  Wieliczka  the  salt  deposit  is  600  miles 
long,  20  miles  broad,  and  not  less  than  1200  feet  thick  ;  at  Cardona,  tlie  salt  forms  hills 
300  and  400  feethigh.  Near  Northwich,  the  principal  deposit  of  rock-salt  in  England, 
the  mineral  Occurs  in  magnesian  limestone,  in  two  beds  situated  one  above  the  other, 
separated  by  about  30  feet  of  clay  and  marl,  intersected  by  small  veins  of  salt,  the  two 
beds  together  being  about  60  feet  thick,  300  yards  broad,  and  a  mile  and  a  half  long. 
.  Bock-salt  occurs  also  near  lake  Oroomiah,  the  Caspian,  &c,  forming  hills  and  extended 
plains ;  in  Algeria  abundantly ;  in  Abyssinia ;  in  India,  in  the  province  of  Lahore,  and  the 
valley  of  Cashmere  ;  in  Scinde,  where  there  is  said  to  be  an  immense  bed  of  it,  20  miles 
long,  16  miles  broad,  and  averaging  three  feet  in  thickness ;  in  China  and  Asiatic  Russia ; 
in  Peru  and  other  countries  of  South  America.  In  the  United  States  salt  has  been 
found  forming  beds  with  gypsum  in  Washington  county,  Virginia,  and  in  the 
mountains  of  Oregon.     (Dana,  ii.  9). 

The  mode  in  which  salt  is  obtained  from  these  deposits  depends  very  much  on  the 
locality,  the  depth  of  the  deposit,  the  price  of  fuel,  &c.  In  some  places,  as  at  Wieliczka 
and  in  Cheshire,  it  is  a  mining  operation  and  is  carried  on  by  means  of  shafts  and 
horizontal  galleries.  At  Cardona  in  Spain,' where  the  great  body  of  the  salt  forms  a  rugged 
precipice  400  to  600  feet  high,  there  is  no  excavation,  but  the  salt  is  procured  by 
working  down  perpendicularly  as  in  an  open  quarry. 


Analyses  of  Rock-sail. 


Chloride  of  Sodium 
„  Potassium 


Calcium 
Magnesium 
Sulphate  of  Sodium 
„  Calcium 

Carbonate  of  Calcium 

,,  Magnesium 

Clay,  Ferric  oxide,  and    } 
other  insoluble  matter^ 


Wle- 
licska. 


10000 


trace 


Berchtet- 
graden. 


99-86 
trace 
trace 
0-16 


Hall. 
Tyrol. 

99*43 
trace 
0-26 
012 


0-20 


Hallstadt,   Schwa- 


Austria. 


9814 
trace 


1-86 


biacHall. 


99-63 

0-09 
0*28 


10000     10000  10000 


Wilhe'in*-' 
glUck.    I 


98-36 


Vic. 


99-30 


003 
0-66 
0-62 
013 


0-60 


0-63    I    0-20 


100-00  10000  100-00  ;  100-00 


Algerin. 

Kffbbahl 
impure. 

HoUten, 
U.S. 

Borinff  at 
Stastfiirtb. 

^»- 

bjebel 
Merah. 

Ouled 
fibrous. 

Cheshire. 
98-30 

bo'6 

1-66 

dona. 

98-66 
0-99 
0-02 

0-44 

Chloride  of  Sodium 
„          Calcium 
„          Magnesium 

Sulphate  of  Sodium 
„          Calcium 
„          Magnesium 

Carbonate  of  Calcium 
„           Mafi^esium 

Clay,  Ferric  oxide,  &c. 

Water    . 

970 

•  • 

•  • 

3  0 

•  • 

•  • 

•  • 

•  • 

98-89 

•         • 

111 

7216 
1-65 
6-67 

.     . 

10-72 
206 
3-71 
2-89 
1-24 

•         • 

99-66 
trace 

•  • 

•  • 

•  • 

•  • 

0-45 

»         • 

•  • 

94-67 
'o-97 
0-89 

•         • 

3-36 
0-22 

2609 

a           • 

V67 

1-23 

42  07 

1-83 
28-21 

10000 

1 

10000  100-00 

10000 

10000  jlOOOO 

10000 

10000 

• 
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Kock-salt  18  tomeUmes  so  pare  and  white  that  it  requirefl  no  preparation  but 
grinding  to  convert  it  into  snow-white  culinaiy  salt ;  this  is  the  case  with  the  salt  of 
Cardona,  and  with  some  of  that  occurring  in  Cheshire  and  other  localities.  More 
frequently,  however,  it  is  coloured  red  or  brown  from  the  admixture  of  claj  or  bitumen, 
and  particularly  of  the  kind  of  infusoria  that  are  now  found  inhabiting  salt  lakes :  it  then 
requires  to  be  purified  by  solution  and  rcciystallisation.  -  Frequently  also,  instead  of 
sinking  a  shaft  to  the  bed  of  salt  and  mining  it,  the  superior  strata  are  pierced  by 
a  bore  only  a  few  inches  in  diameter,  by  which  water  is  admitted  to  the  bed,  and  the 
brine  formed  is  drawn  off  by  a  pump. 

Salt  wtUs  or  springs,  which  may  be  artificially  constructed  in  the  manner  above 
described,  are  also  frequently  found  ready  formea  in  nature  wherever  a  spring  during 
its  course  has  come  in  contact  with  a  bed  of  rock-salt.  These  however  are  rarely  so 
highly  saturated  as  the  artificial  wells,  although  this  is  actually  the  case  with  that  of 
Lunebuig,  which  contains  25  per  cent,  of  saline  matter ;  but  they  are  for  the  most  part, 
only  slightly  impregnated,  or  nave  become  weakened  by  subsequent  addition  of  firesh 
water.  This  difference  in  the  strength  and  the  composition  of  the  saline  constituents 
of  salt  springs  may  be  seen  from  the  following  table  (p.  -334). 

The  water  of  the  stronger  springs  is  at  once  evaporated  by  heat  to  procure  the  salt, 
and  in  England  and  other  countries  where  cheap  fuel  can  be  obtained,  the  same  plan 
is  adopted  with  the  weaker  springs ;  but  in  Germany,  where  fuel  is  scarce  and  dear, 
the  more  dilute  saline  waters  cannot  be  profitably  worked  in  this  way.  The  water  is 
therefore  first  concentrated  by  a  process  called  ffraduation,  which  consists  in  exposing 
the  brine,  diffused  over  a  lar^e  surface,  to  the  air.  This  is  effected  by  pumping  it  to 
a  height,  and  then  allowing  it  to  trickle  slowly  over  large  stacks  of  faggots,  pled  in 
suitable  buildines,  screened  from  rain,  but  freely  exposed  to  the  prevailing  wind.  After 
this  process  has  been  repeated  eight  or  ten  times,,  the  solution  acquires  a  density  of  about 
1*40,  and  is  sufficiently  concentrated  to  allow  the  evaporation  to  be  finished  by  heat.  In 
the  first  evaporating  pan  an  insoluble  double  sulphate  of  calcium  and  sodium  is  deposited, 
partly  in  the  form. of  mud  or  schlot,  as  it  is  called  in  Germany,  partly  as  a  haid  scale, 
which  adheres  to  the  bottom  of  the  pans  {P/annensUin),  A  specimen  of  this  panstone 
from  Schonebcck  gave  by  analysis : 

N«CI.      N««SO«.      K«SO<.      CuSO*.    M«80^.    MgCO«.    AV(fi  and  Fe«03.    SIO*.    H'O. 
44-28       20-67         213       27*38       1*64       0-41  0  03  002   344  «  100 

When  the  liquor  reaches  a  density  of  1*236  it  is  decanted  into  another  pan  and  evapo- 
rated, the  crusts  of  salts  being  removed  as  they  form. 

The  appearance  of  the  salt  varies  according  to  the  rat^  at  which  the  evaporation  is 
conducted.  When  the  brine  is  boiled  down  rapidly,  it  fumishen  the  mealy  fine-grained 
salt  used  for  the  table ;  slower  evaporation  yields  the  hard  crystallised  salt,  generally 
used  for  salting  fish. 

Separation  of  Salt  from  Sea-water. — It  is  seldom  that  artificial  evaporation  is  em- 
ployed for  separating  the  salt  from  sea-water;  where  it  is  practised,  the  same  mode  is 
adopted  as  with  the  brine  springs ;  sometimes,  as  in  Siberia,  frost  is  made  subservient 
to  this  object — for  salt  water  separates  on  freezing  into  ice  (cont^ning  no  salt),  and  a 
strong  saline  ley.  Dr.  Kane  states  that  if  the  cold  is  sufficiently  intense,  the  water  which 
is  obtained  on  melting  the  ice  is  fit  for  drinking.  This  plan  is  pursued  in  Prussia, 
Sweden,  and  other  northern  countries,  where  the  sea-water  is  frozen  in  reservoirs,  and 
the  concentrated  brine  liquor  is  boiled  down  to  salt.  The  salt  obtained  by  this  plan, 
however,  is  not  pure,  as  the  following  analyses  by  Hess  will  prove. 


Irkowttk. 

Selen. 

Ou*U 

Okhotxk. 

rVtncHf  ii^nlfl 

guuk. 

kout&k. 

V^VIlBUtUCUiS* 

■^  v^sfrsn  • 

'  U:*cry»tHl- 

'ind  crvital- 
lisation. 

3rd  rnrsUU 
liMtion. 

■ 

lisation. 

Chloride  of  Sodium 

.     91-5 

74-7 

76-3 

86-0 

77-6 

79-1 

„          Aluminium 

.       2-6 

6-5 

1-2 

36 

6-2 

7-8 

„          Calcium     . 

.       1-1 

1-4 

3-8 

09 

0-9 

0-7 

„          Magnesium 

.       20 

3-6 

3-6 

20 

1-7 

0-8 

Sulphate  of  Sodium     . 

.       2-8 

13-8 

12-6 

7-5 

13-6 

11-6 

„           Calcium     . 

•            •          • 

•          • 

2-5 

1000     1000       1000         1000         1000         1000 

The  evaporation  of  sea-water  is  effected  wholly  or  partly  by  the  influence  of  the  air 
and  sun,  in  what  are  termed  in  some  localities  Sidtems  or  Brine-pans.  Ilayling 
Island,  near  Portsmouth,  has  been  celebrated  for  many  centuries  for  its  manufacture 
of  salt,  carried  on  m  this  way  during  the  summer  months.  The  brine-pans  vary 
in  size  up  to  a  quarter  of  an  acre,  in  which,  in  favourable  weather,  the  sea-water 
becomes  brine  in  about  seven  days.  It  is  then  pumped  by  windmills  into  reservoirs  or 
pits,  whence  it  is  run  into  sheet-iron  pans,  and  is  boiled  for  twelve  hours,  during  which 
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often  oecnra  in  large  crystalline,  transparent,  and  colourless  masses,  possessing  perfect 
diathermancy,  that  is  to  say,  it  is  equally  pervious  to  heat-rays  of  every  degree  of 
refrangibility  (p.  61).  An  aqueous  solutiou  of  sodic  chloride  exposed  to  a  tempera- 
turo  of  about  —10^  deposits  the  salt  in  hexagonal  plates  containing  NaCL2H^O ; 
but  as  the  temperature  rises,  the  water  of  crystallisation  is  expelled,  and  the 
crystals  fall  to  pieces,  being  converted  into  a  heap  of  minute  cubes.  The  anhydrous 
salt,  when  rapidly  crystallised,  contains  mechanically  enclosed  water,  and  consequently 
decrepitates  m  the  ftre.  Some  specimens  of  rock-salt  from  Wieliczka  decrepitate 
when  thrown  into  water,  owing  to  the  Mcape  of  condensed  gas,  consisting,  according 
to  H.  Rose,  of  CH«. 

Chloride  of  sodium  melts  at  a  red  heat,  and  forms  a  crystalline  mass  on  cooling.  It 
is  somewhat  less  volatile  than  chloride  of  potassium,  but  like  that  salt,  volatilises  at  a 
low  red  heat  in  open,  but  not  in  covered,  vessels  (H.  Hose) ;  at  a  white  heat  it  vola- 
tilises, oven  in  closed  vessels.  Heated  with  potassium,  it  yields  chloride  of  potiissium, 
and  metJillic  sodium  (Davy).  When  heated  to  redness  with  silica,  it  yields  silicate  of 
sodium  and  hydrocliloric  acid  gas,  the  decomposition  taking  place  rapidly  in  presence 
of  m^ueous  vapour.  With  oil  of  vitriol  it  gives  sulphate  of  sodium  and  hydrochloric 
acid  gas.  According  to  BprthoUet,  it  also  evolves  a  small  quantity  of  hydrochloric  acid 
gOi)  by  distillation  witli  oxalic  acid,  but  not  with  acetic  acid.  In  solution  it  is  docoiii- 
jwHod  by  excess  of  lead-oxide,  into  soda  and  subchloride  of  lead,  Pb*Cl*  (Scheele), 
also  by  nitrate  of  ammonia.  (Karsten.) 

Anhydrous  chloride  of  sodium  dissolves  in  about  3  pts.  of  cold  water,  and  is  scarcely 
more  soluble  in  boiling  water.  Fuchs  states  that  100  pts.  of  water  dissolve  37  pts.  of 
it  at  all  tem|)eratureB ;  but,  according  to  Ghiy-Lussac  and  Poggiale,  the  solubility 
inon'usea  slightly  with  risa  of  temperature,  as  shown  by  the  following  table  : 
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Tho  s|xvitlo  gravity  of  the  solution  increases  with  its  strength  as  follows  (Oerlach, 
Jahn^K  ISAi),  p.  43*): 
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Thti  iniuiber  ^6'31>A  rt'prem'nts  the  quantity  of  anhydrous  sodium-chloride  in  a  saturated 
•iulutivui  at  16^.  Kor  an  «'xt»nuU»d  table  by  Gerlach  of  the  specific  gravities  of  s&lt- 
hulutiiuiti  of  variv»U!tiitreogthr*and  at  various  temprratures  firomO^to  100^, st^CJkemietti 
7U'A/<i»Avv,  vvU.  i.  part  5.     Sih>  also  Schiff  (Jahresb.  1858,  p.  39);  and W. Schmidt 

Tho  following  dot  orminat  ions  of  the  variations  in  volume  of  salt-solutions  at  different 
tt^niportuurt'ti  an«  by  Kromors  ^Jahresb.  1857,  p.  OM; : 

W^Htitf*  of  AquwHS  Chloride  of  Sodium  at  diffirmi  truiprratum  (vol.  at  19*5^ a.  1). 
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'    ilie  fireezing  and  boiling-points  of  the  solution  rise  with  the  degree  of  ooncontration 
in  the  manner  shown  in  the  following  table  (Karsten): — 
Per  cent,  of  salt  1  6  10  16  20  25  29 

Freezing-point.  076^      3-78<»      7-44«      10-99«>       U'i2^    1777° 

Boiling-point    .       100*21°  lOMO®  102-38O   103-99°     105-46*>  10727°       108-83 

For  more  extended  tables  see  Chemical  Technology,  vol.  i.  part  5. 

Chloride  of  sodium  is  precipitated  from  its  aqueous  solution  by  passing  hydrochloric 
acid  into  the  liquid  till  it  is  saturated ;  this  reaction  is  recommended  by  Margueritte 
for  separating  the  salt  from  brine-liquors.  Chloride  of  sodium  is  insoluble  in  pure 
alcohol,  but  is  taken  up  in  considerable  quantity  by  dilute  spirit. 

Chloride  of  sodium  unites  with  other  metallic  chlorides,  forming  crystallisable  double 
salts  ;  these  are  described  with  the  chlorides  of  the  several  metals. 

SOBZUBC,  BBTBCTZOV  AVB  BSTZMATZOW  Or.  1.  Blowpipe  Be- 
actions. — Sodium-compounds  impart  an  intense  yellow  colour  to  the  outer  blowpipe- 
flame,  which  quite  conceals  the  coloration  produced  by  any  other  metal.  Alcoholic 
solutions  of  sodium-salts  bum  with  a  yellow  flame.  The  spectrum  of  sodium  is  dis- 
tinguished by  a  single  bright-yellow  line,  coinciding  with  the  dark  solar  line  D. 

2.  Reactions  in  SdiUion. — Sodium-salts  are  even  more  generally  soluble  than  potas- 
sium-salts. They  give  no  precipitate  vnth  jUatinum^chlondet  tartaric  acid,  or  perchlonc 
acid,  and  no  crystals  of  alum  with  sulphate  of  aluminium.  SUicofiuoric  acid  gives  a 
gelatinous  precipitate  in  concentrated  solutions. 

Acid  metantim&nate  of  potassium  (i.  326)  gives  a  white  precipitate  of  metantimonate 
of  sodium,  flocculent  at  first  if  the  solution  is  not  very  dilute,  but  soon  becoming 
crystalline.  It  is  produced  immediately,  in  solutions  containing  not  less  than  1  pt.  of 
sodium-salt  in  300  pts.  of  liquid.  In  more  dilute  solutions  the  precipitation  is  gradual, 
and  the  mrtantimonate  of  sodium  is  deposited  in  crystals  on  the  sides  of  the  vessel, 
the  eflfect  being  apparent  after  12  hours,  even  in  solutions  containing  not  more  than 
y;^  pt.  of  sodium-salt.  The  solution  of  sodium  to  be  tested  should  be  neutral  or 
slightly  alkaline,  for  free  acid  would  separate  antimonic  acid  from  the  reagent.  It  must 
also  be  free  from  salts  of  lithium,  ammonium,  and  the  earth-metals,  all  of  which,  when 
diluted  to  a  certain  extent,  yield  precipitates  of  similar  character. 

3.  Estimation  and  Separation. — Sodium  is  estimated  as  sulphate  or  chloride,  in  the 
manner  already  described  for  potassium  (iv.  699). 

Sodium  is  separated  from  all  the  metals  of  Groups  i.  and  ii.  (Analysis,  i.  217),  by 
sulphydric  acid  and  sidphide  of  ammonium  ;  from  the  alkaline  earth-metals  by  car- 
bouato  of  ammonium ;  from  magnesium  by  baryta -water ;  from  potassium  by  platinic 
chloride  and  alcohol ;  from  lithium  by  the  solubility  of  lithium-chloride  in  alcohol  and 
ether. 

The  separation  of  sodium  from  potassium  is  best  effected  when  the  metals  are  in  the 
form  of  chlorides.  The  amount  of  potassium  being  determined  from  the  weight  of  the 
chluroplatinate,  that  of  sodium  may  frequently  be  estimated  by  difference.  To  estimate 
the  sodium  directly,  the  filtrate  from  the  potassium-salt  must  be  evaporated  to  dryness 
at  a  very  gentle  heat,  and  the  residue  ignited  in  a  platinum  crucible  till  the  sodic 
cliloroplatinateand  the  excess  of  platinic  chloride  are  entirely  decomposed;  this  decom- 
position is  facilitateil  by  adding  a  few  crystjils  of  oxalic  acid  during;  the  ignition.  The 
chloride  of  sodium  thus  formed  is  dissolved  out  by  water,  evaporated  to  dryness,  ignited, 
and  weighed.  Removing  the  plat  n  .m  by  sulphydric  acid  does  not  give  good  results 
(H.  Hose).  The  indirect  method  of  analysis  (i.  224)  may  also  be  advantageously 
applied,  in  many  cases,  to  the  estimation  of  potassium  and  sodium  when  they  occur 
together. 

4.  Atomic  Weight  of  Sodium. — Berzelius  found  that  100  pts.  of  sodium-chloride, 
NaCl,  gave  by  precipitation  2446  pts.  silver-chloride ;  the  atomic  weight  of  sodium 
thence  deduced  is  23-17.  Penny  (Phil.  Trans.  1839,  p.  13),  by  determining  the 
quantity  of  sodic  nitrate  produced  by  decomposing  a  given  weight  of  sodic  chloride  with 
nitric  acid,  obtained,  as  a  mean  of  seven  closely-agreeing  experiments,  Na  =  23'0. 
Pelouze  (Ann.  Ch.  Pharm.lvi.  202)  found,  as  a  mean  of  three  experiments,  that  100  pts. 
of  silver  required  for  precipitation  54-144  pts.  sodium- chloride :  whence  Na  «■  2297. 
Dumas  {ibid,  cxiii.  31),  as  a  mean  of  seven  experiments  of  a  similar  kind,  found 
Na  =  23-01  ;  and  Stas  found  Na  »  23*05.  The  atomic  weight  of  sodium  may  there- 
fore be  taken  as  23. 

SOBZVBK,  FXiITORIDB  OF.  NaF.  Obtained  by  saturating  hydrofluoric  acid 
with  carbonate  of  sodium.  It  crystallises  in  white  anhydrous  cubes  or  octahedrons, 
soluble  in  25  pts.  of  cold,  and  not  much  more  soluble  in  hot  water;  the  solution  attacks 
glass.     The  fluoride  is  insoluble  in  alcohol. 

Sodio-hydric  fluoride,  NaF.HF,  crystallises  by  spontaneous  evaporation  from  a  solu- 
tion of  sodic  fluoride  supersaturated  with  hydrofluoric  acid,  in  small  rhombohedrons, 
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having  the  angle  of  the  terminal  edges  =  74*^  36',  and  often  united  in  twins,  having 
oP  for  the  face  of  junction.     (Marignac,  Jahresb.  1857,  p.  128.) 

A  sulphato-fltwn'de  of  sodium,  NaF.Na'SO*,  was  found  by  Marignac  (ihid.  1859, 
p.  106)  to  separate  from  the  mother-liouor  obtained  in  the  preparation  of  sodium-fluoride 
with  hydrofluoric  acid  containing  a  little  sulphuric  acid,  in  small  hexagonal  plates, 
which  could  be  recrystalliscd  from  water  without  decomposition. 

Fluoride  of  Sodium  and  Aluminium,  Cryolite,  SNaF-AlF*  (i.  169).— This  mineral  is 
now  used  for  the  preparation  of  soda. 

SOBZUM,  BTO&ATB  Ol*.  NaHO  or  Na^O.H^O.  Caustic  Soda,  Hydratcd 
Oxide  of  Sodium  J  Mineral  Alkali,  Natronhydrat. — This  compound  is  formed  when  the 
protoxide  or  the  dioxide  of  sodium  is  brought  in  contact  with  water,  the  action  being 
attended  with  rise  of  temperature,  and,  in  the  latter  case,  with  evolution  of  oxygen. 
It  is  prepared,  like  caustic  potash,  by  decomposing  sodic  carbonate  with  lime  ;  3  pts.  of 
crystallised  sodic  carbonate  are  dissolved  in  15  pts.  of  boib'ng  water,  and  a  quantity  of 
cream  of  lime,  prepared  by  slaking  1  pt.  of  lime  with  3  pts.  of  water,  is  added  by  small 
portions,  the  whole  being  boiled  for  some  time,  and  treated  as  for  potash  (iv.  700). 
The  hydrate  thus  obtained  may  be  purified  by  alcohol.  To  obtain  pure  caustic  soda 
without  the  use  of  alcohol,  Grager  (J.  pr.  Chem.  xcvi.  165)  treats  the  carbonate,  pre- 
viously purified  so  fSar  as  to  retain  only  a  trace  of  chloride,  with  carbonate  of  silver, 
then  boils  it  with  calcined  marble,  and,  lastly,  filters  the  solution  through  a  funnel,  the 
throat  of  which  is  stopped  with  lumps  of  marble  and  pulverised  marble,  previously 
washed  with  distilled  water. 

In  preparing  caustic  soda  from  the  carbonate  on  the  laige  scale,  it  is  of  importance 
to  recover  all  the  soda  which  remains  diffused  through  the  lime-mud.  In  some  manu- 
factories the  mud  is  washed  repeatedly,  and  the  weak  liquors  are  used  either  for 
dissolving  fresh  portions  of  carbonate,  or  for  diluting  the  black  ash-liouor ;  in  other 
works  the  lime-mud  is  filtered  in  the  following  manner: — A  shallow  tank  of  stone  or 
flags  is  so  built  that  the  bottom  inclines  towards  one  part,  from  which  a  pipe  leads 
away  the  filtrate :  rows  of  porous  firebricks  are  sot  lengthways,  three  inches  apart  in 
the  bottom  of  the  tank,  and  upon  these  are  laid  in  cement  porous  quarls,  whicn  form 
the  filtering-bed.  The  lime-mud  is  run  on  to  this  bed  and  allowed  to  filter  for  some 
time,  after  which  a  few  inches  of  water  are  gently  run  on  to  the  pasty  mass,  so  as  not 
to  disturb  the  particles.  When  this  is  properly  managed,  the  water  forces  a  strong  ley 
out  of  the  precipitate,  without  much  diminution  of  its  strength.  The  filtering-bed  may 
also  be  constructed  of  large  stones,  gravel,  and  fine  sand. 

Caustic  soda  is  now  made  in  large  quantity  from  black  ash-liquors.  For  this 
purpose  the  liquors  are  concentrated  in  a  fishing  or  boat-pan  30  feet  long,  8  feet  wide, 
and  2J  feet  deep  at  the  greatest  depth,  up  to  a  specific  gravity  of  1  "40,  at  a  temperature 
of  260^  or  270°  F.,  whilst  a  little  nitrate  of  sodium  is  added  to  oxidise  the  sulphate  of 
sodium  in  the  black  ash.  The  separating  salts  are  fished  out,  and  the  liquor  is  run 
into  settlers,  where  more  salts  deposit  during  the  cooling.  The  liquor  is  now  run  into 
a  hemispherical  cast-iron  pot  (about  5  feet  diameter  at  the  top,  and  6j  feet  deep,  in- 
cluding a  cast-iron  ring  about  2^  feet  high),  and  more  nitrate  of  sodium  is  added.  It 
is  boiled  in  this  pot  from  12  to  24  hours,  during  which  a  further  deposit  of  salts  takes 
place,  which  are  fished  out.  The  liquor  is  then  transferred  into  another  similar  pot, 
called  the  *'  finisher,"  and  boiled  until  it  contains  60  per  cent,  of  soda,  during  which 
more  nitrate  of  sodium  is  added,  while  a  thick  scum  which  forms  on  the  surface  is 
skimmed  off.  When  the  concentration  is  complete,  the  fire  is  withdrawn,  and  the  melted 
mass  allowed  to  settle,  after  which  it  is  run  off  into  iron  casks,  or  on  to  plates,  to 
solidify. 

Arrott  proposes  to  produce  a  caustic  soda  from  sulphide  of  sodium,  with  the  aid  of 
the  oxides  of  iron  or  manganese.  Hunt  recommends  the  boiling  of  the  solution  of  sul- 
phide of  sodium  with  oxide  of  zinc  or  black  oxide  of  copper.  Gossage  has  patented  the 
manufacture  of  caustic  soda  from  silicate  of  sodium  by  decomposition  with  lime, 
and  proposes  to  employ  the  resulting  calcic  silicate  as  manure.  Any  of  the  other 
methods  dcpcribcd  for  the  preparation  of  caustic  potash  may  also  be  applied  to  soda. 
F.  O.  Ward  proposes  to  prepare  it  from  albite,  in  the  same  manner  as  potash  from 
•orthoclase,  by  calcining  the  mineral  with  lime  and  fluor-spar.  According  to  another 
method,  patented  by  Newton,  felspar  is  heated  with  calcic  phosphate  and  lime,  all  in 
powder,  at  a  low  red  heat,  whereby  calcic  silicate  and  alkaline  phosphate  are  produced ; 
and  when  the  mass  is  lixiviated  with  water,  the  lime  decomposes  the  alkaline  phosphate, 
reproducing  calcic  phosphate,  while  the  alkali  remains  in  solution. 

Cryolite  is  now  employed  as  a  source  of  soda  on  the  manufacturing  scale  in  several 
places  on  the  Continent  (Copenhagen,  Harburg,  &c);  the  old  process  was  to  treat 
the  finely -groimd  cryolite  with  sulphuric  acid,  but  this  plan  is  now  entirely  abandoned. 
The  cryolite  is  ground  to  powder  and  mixed  with  lime,  and  cither  'calcined  or  boiled 
with  as  much  water  as  will  form  a  milk.    The  boiling  must  be  continued  for  several 
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The  following  table  exhibits  the  cxpaxudon  of  solutionB  of  eodium-iodide  at  different 
temperatures  (Kremers,  Jahresb.  1859,  p.  49) : — 

Volumes  of  Aqueous  Sodium-Iodide  at  different  temperatures  (yol.  at  19-5^  =  1). 


Quantity  of  Suit  In 
I00pt«.  of  Water. 

818 

64-6 

99-9 

138-0 

Specific  gravity  at 
19-60 

1-2234 

I'41ft5 

1-5942 

1-7603 

0* 
19-5 
40 
60 
80 
100 

0-99272 
100000 
1-00942 
1-02021 
1-03257 
1-04612 

009030 
1-00000 
101104 
1-02264 
1-03514 
1-04840 

0-98934 
1-00000 
101169 
1-02366 
1-03614 
104917 

0-98918 
100000 
1-01179 
1-02382 
103621 
104887 

A.  saturated  aqneous  solution  of  sodium-iodide  boils  at  141°  (Kremers). 

A  compound  of  aodic  iodide  and  iodate^  3Nal.2NaIO'.20H'O,  crystallises  in  hexa- 
gonal tablee,  oR  .  ooB  with  +B,  -  ^  K,  &c  Angle,  oB  :  +B  -  115<'  7';  oR  :-}  R 
-  133°  10'.     (Marignac,  Jabi^sb.  1857,  p.  124.) 

SOBIUXf  OZZBM8  OV.    Sodium  forms  a  protoxide  and  a  dioxide. 

The  protoxide^  Na'O,  or  anhydrous  soda^  is  produced,  together  with  the  dioxide, 
when  sodium  bums  in  the  air,  and  may  be  obtained  pure  by  exposing  the  dioxide  to  a 
rery  high  temperature,  or  by  heating  sodic  hydrate  with  an  equivalent  quantity  of 
sodium :  NaHO  +  Na  »  Na*0  +  H.  It  is  a  grey  mass,  having  a  conchoi'dal  fracture, 
melts  at  a  red  heat,  Tolatilises  with  difficulty,  is  a  non-conductor  of  electricity.  Specific 
gravity  =  2  805  (Karsten). 

Dioxide  or  Peroxide  of  Sodium,  NaK)*,  is  obtained  by  igniting  sodium  in  oxygen- 
gas  till  its  weight  becomes  constant.  It  is  of  a  pure  white  colour,  but  becomes  yeUow 
when  heated,  and  white  again  on  cooling.  When  exposed  to  the  air,  it  slowly  deli- 
quesces, and  after  a  while  resolidifies  as  carbonate.  On  mixing  it  with  water,  great 
heat  is  produced,  and  a  small  quantity  of  gas  is  evolved  (arising  from  the  local  heating 
of  the  peroxide).  A  small  heap  of  it,  when  moistened,  becomes  yellow  with  heat,  and 
ffives  off  a  considerable  quantity  of  oxygen.  If,  on  the  contrary,  it  be  thrown  into  water 
in  the  state  of  powder  by  small  portions  at  a  time,  it  dissolves  with  veiy  little  evolu- 
tion of  gas,  and  forms  a  solution  of  dioxide. 

A  solution  of  the  dioxide  evaporated  over  a  water-bath,  gives  off  oinrgen  slowly  at 
fixBt,  but  rapidly  as  the  solid  resiaue  begins  to  separate ;  but  if  evaporated  slowly  over  oil 
of  vitriol  at  common  temperatures,  it  yields,  without  evolution  of  oi^^geo,  large  hexa- 
gonal tabular  crystals  of  a  hydrate,  containing  Na*0*.8H^0. 

These  crystals,  when  left  to  effloresce  over  oil  of  vitriol  for  nine  days,  lost  three- 
fourths  of  their  water,  and  yielded  another  hydrate  containing  NaH)*.2HK). 

Iodine  decomposes  sodic  dioxide,  forming  an  oxyiodide  and  liberating  oxygen: 

Na«0«     +     P       =       Na«I'0     +     0. 

The  dioxide  absorbs  carbonio  oxide,  forming  sodic  carbonate : 

Na«0«     +     CO       =.       Na*CO». 

With  carbonic  anhydride,  the  same  compound  is  formed,  and  1  at.  oxygen  set  free. 
With  nitric  oxide  it  forms  sodic  nitrite : 

Na«0«     +     2N0       -      2NaN0«. 
With  nitrous  oxide  the  same  salt  is  formed,  and  2  at.  nitrogen  given  off: 

Na«0«     +     2N«0       «       2NaN0«     +     N«. 
(A.  Vernon  Harcourt,  Chem.  Soc.  J.  xv.  267.) 

BOBZUBI,  OXTZOBZBa  OV.  Na*PO,  or  Nal.NalO  ?^Prodnoed,  as  above 
mentioned,  by  the  action  of  iodine  on  sodic  dioxide.  It  dissolves  in  acidulated  water 
with  separation  of  iodinn : 

Na«I«0     +     HCl       -       NaHO     +     NaCl     +     P. 

SOBZUMf  BU&PBZBBS  OF.  Sodium  forms  with  sulphur  a  number  of  com- 
pounds corresponding  exactly  with  the  sulphides  of  potassium  (iv.  707),  and  prepared 
in  the  same  manner.  The  protosulphide,  Na'S,  crystallises  in  large  octahedrons,  and 
Idnns  a  large  number  of  sulphosalts,  most  of  which  are  crystoiUisable.    Hydrate  and 
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combination  with  limo  or  magnesia  contained  in  the  soil.  The  attractive  force  of  the 
earthy  particles  for  the  alkali  would  probably  not  be  sufficient  in  itself  to  separate  it 
&om  the  sulphuric  or  nitric  acid,  but  the  decomposition  takes  place  when  assisted 
by  the  additional  attraction  of  the  lime  or  magnesia  for  the  sulphuric  or  nitric  acid. 

Absorption  of  nutriment  from  the  soil  is  effected  by  the  extremities  of  the  roots, 
which  must  therefore  be  in  immediate  contact  with  the  nutritive  particles,  and  hence 
the  necessity  of  sufficient  porosity  in  the  soil  to  enable  the  roots  to  spread  and  ramify 
in  all  directions  through  it.  "  The  effect  produced  by  breaking  up  the  ground  with  the 
plough,  spade,  hoe,  harrow,  and  roller,  depends  upon  the  fact  that  the  roots  of  plants 
go  in  search  of  their  food,  that  the  nutritive  substances  have  no  locomotion  of  their 
own,  and  cannot  of  themselves  leave  the  places  in  whicli  they  are.  The  root,  as  if  it 
had  eyes  to  soc,  bends  and  stretches  in  the  direction  of  the  nutriment;  so  that  the 
number,  thickness,  and  direction  of  its  filaments  indicate  the  precise  spots  where  they 
have  obtained  food."  (Liebig,  The  Natural  Laws  of  Husbandry ^  London  1853, 
chapter  ii.) 

Analysis  of  Bolls.* — The  method  at  present  adopted  for  the  analysis  of  soils  is 
essentially  the  same  as  that  described  by  Sprengel  and  Otto  in  Sprengel's  "  Boden- 
kunde ; "  depending  on  the  principle,  that  in  order  to  judge  of  the  fertility  of  a  soil,  it 
is  nocess^iry  to  determine  not  only  what  are  its  elementary  constituents,  but  likewise 
the  manner  in  which  they  are  combined.  With  this  view,  Sprengel  and  Otto  treated 
a  sample  of  the  soil  successively  with  water,  dilute  hydrochloric  acid,  strong  sulphuric 
acid,  and  by  fusion  with  an  alkaline  carbonate.  The  constituents  of  the  soil  soluble 
in  water  were  supposed  to  be  actually  available  as  plant-food;  those  which  were 
soluble  in  dilute  acids  as  available  for  that  purpose  after  being  subjected  to  the  action 
of  carbonic  acid  and  the  humous  acids  of  the  soil ;  the  rest  as  available  only  after 
the  soil  had  been  subjected  for  a  considerable  time  to  atmospheric  influences,  assisted 
by  the  mechanical  operations  of  tillage.  This  mode  of  proceeding  was  originally 
based  upon  the  supposition  that  the  constituents  of  the  soil  which  are  to  nourish  the 
plant  must  be  presented  to  it  in  the  state  of  solution,  a  view  which,  as  already  observed, 
can  no  longer  be  regarded  as  correct.  Still,  as  the  several  constituents  must  be 
brought  into  the  state  of  solution  before  they  can  be  distributed  through  the  soil,  and 
be  taken  up  by  its  particles  in  the  state  of  physical  aggregation  above  described,  the 
separation  of  the  soil  into  portions  soluble  in  water  and  acids,  and  an  insoluble  portion, 
is  still  capable  of  affording  useful  information  as  to  its  nutritive  properties. 

o.  Coiistitucnts  sdiibU  in  Water. — An  average  sample  of  the  soil  having  been  obtained, 
and  freed  from  stones  and  the  coarsest  particles  by  sifting,  the  original  plan  was  to 
heat  a  considerable  quantity  of  it  (1000  to  2000  grms.)  with  water  nearly  to  the  boiling- 
point,  then  filter;  wash  the  residue  as  completely  as  possible  with  hot  water;  evaporate 
the  entire  liquid  to  about  the  volume  of  the  water  first  employed ;  filter  again  to 
separate  any  deposit  that  may  have  formed  ;  then  determine  the  volume  of  the  filtrate ; 
and  employ  measured  quantities  of  it  for  estimating  the  several  constituents. 

The  total  amount  of  the  constituents  soluble  in  water  is  obtained  by  evaporating 
a  measured  quantity  of  the  solution  to  dr)'ness,  and  weighing  the  residue  when  it  no 
longer  loses  weight  at  100^.  The  dry  residue  is  then  gently  ignited  for  some  time  in 
contact  with  the  air,  and  weighed  after  drying  over  oil  of  vitriol,  the  loss  of  weight 
thus  determined  being  reckoned  as  organic  matter,  nitric  acid,  and  ammonia, 
supposing  the  presence  of  the  two  latter  substances  to  have  been  previously  ascertained 
by  qualitative  analysis.  The  ignited  residue  is  then  treated  with  hydrochloric  acid, 
and  evaporated  to  dryness ;  the  remaining  substance  is  exhausted  with  dilute  hydro- 
chloric acid,  and  the  undissolved  silica  separated  by  filtration. 

The  filtrate  is  next  treated  with  chlorine-water,  and  ammonia  is  added,  whereby  a 
precipitate  is  formed  containing  alumina,  ferric  oxide,  manganic  oxide,  and 
phosphoric  acid,  together  with  a  portion  of  the  lime  and  magnesia,  in  case  the 
quantity  of  phosphoric  acid  is  considerable.  This  precipitate  is  collected  and  weighed, 
and  its  several  constituents  are  separated  and  estimated  in  the  manner  already 
described  with  reference  to  the  ash  of  organic  bodies  (i.  419).  If  its  quantity  is  too 
small  for  the  estimation  of  all  the  constituents,  the  phosphoric  acid  should  at  least  be 
determined. 

The  filtrate  from  the  last-mentioned  precipitate  is  mixed  with  oxalate  of  ammonium 
to  separate  lime.  If  this  base  is  present,  the  solution  cannot  contain  any  more 
phosphoric  acid ;  it  is  then  to  be  filtered  and  evaporated,  the  residue  ignited  to  expel 
smmoniacal  salts,  then  dissolved  in  water,  and  treated  by  the  usual  methods  for 
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liquid  is  then  filtered  in  an  atmosphore  of  carbonic  anhydride ;  and  the  iron  in  the  filtrate 
18  brought  to  the  state  of  ferric  oxide  by  chlorine-water  or  nitric  add,  and  precipitated 
in  that  form  by  ammonia. 

y.  Portion  insoluble  in  dilute  Hydrochloric  Acid. — This  portion  of  the  soil  generally 
consists  of  clay  and  sand,  mixed  with  other  minerals.  By  heating  a  portion  of  it 
(5  to  10  grms.)  with  several  times  its  weight  of  strong  sulphuric  acid,  till  the  greater 
part  of  that  acid  is  volatilised,  the  clay  is  decomposed,  the  other  constituents  remaining 
for  the  must  part  unaltered.  The  whole  is  left  to  cool,  the  noarly  dry  residue  is 
treated  with  dilute  hydrochloric  acid,  and  the  bases  are  determined  in  the  filtered 
solution  in  the  way  already  indicated  (jS).  From  the  undissolved  residue,  the 
pnlyerulcnt  silica  separated  from  the  clay  may  be  dissolved  out,  though  with  consider- 
able difficulty,  by  repeated  boiling  with  strong  solutions  of  sodic  carbonate.  There 
then  remains  a  mixture  of  sand  and  other  minerals  not  decomposible  by  oil  of  vitriol, 
the  nature  of  which  may  generally  be  determined  with  sufficient  accuracy  by  the 
microscope. 

8.  Estimation  of  Organic  Matter, — The  total  quantity  of  organic  matter  in  a  soil, 
consisting  of  remains  of  plants  and  products  of  decay  (the  so-called  humous  substances), 
may  be  roughly  estimated  from  the  loss  of  weight  which  the  dried  soil  undergoes  when 
exposed  to  a  low  red  heat  not  strong  enough  to  decompose  the  earthy  carbonates. 
Many  soils,  however,  especially  those  containing  clay,  give  up  a  certain  portion  of 
water  only  at  a  red  heat ;  moreover,  ammonia  and  nitric  add  may  be  included  in  the  loss 
of  weight  obtained  on  ignition.  Hence  it  is  better  to  determine  the  amount  of  carbon 
in  the  soil  by  combustion  with  oxide  of  copper,  deducting  from  the  amount  of  carbonic 
anhydride  thus  obtained  that  which  exists  in  the  soil  in  the  form  of  carbonates,  or  making 
the  combustion  on  a  portion  previously  freed  from  carbonates  by  treatment  with  dilute 
add.  Another  method  is  to  digest  5  grms.  of  the  soil  with  10  c.  c.  water  and  15  c.  c. 
oil  of  vitriol,  allow  the  disengaged  carbonic  anhydride  to  escape,  then  add  5  grms.  of 
add  potassic  chromate,  heat  the  liquid,  and  collect  the  carbonic  anhydride  thereby 
evolved.     (Wolff.) 

ff.  Estimation  of  Nitrogen. — The  entire  quantity  of  nitrogen  existing  in  a  soil,  in  the 
form  of  ammonia,  of  nitric  add,  and  of  oi^ganic  compounds,  may  be  estimated  by  com- 
bustion with  oxide  of  copper,  asinBumas's  method  (i.  242).  To  determine  the  nitric 
acid,  WolfiT  exhausts  500  grms.  of  the  soil  with  cold  water;  evaporates  the  filtrate  to 
30  c  c. ;  mixes  it  with  a  little  potash-ley,  and  boils  till  ammonia  is  no  longer  evolved ; 
then  reduces  the  nitric  acid  in  the  residual  solution  with  zinc ;  and  estimates  it  in  the 
form  of  ammonia  (iv.  88,  89\ 

No  exact  method  has  yet  oeen  discovered  of  determining  the  quantity  of  ammonia 
existing  in  a  soil.  W.  Mayer  found  that  even  when  ammonia  waa  added  to  a  soil,  it 
could  not  be  recovered  with  certainty  by  boiling  with  soda-lev. 

The  following  tables  exhibit  the  proportions  of  carbon  and  nitrogen  found  in  several 
■oils: — 


Ran 

.<!.  .«,ll.  ^W  < 

>..<>..- 

Scotch  wheat-soili  (Anderson). 

(Ritthausen). 

Upper  mHI. 

SabMil. 

1 
2 

a 

5 

Carbon 
per  cent 

Nitrogen 
per  cent. 

Mid-Lothian    . 
East  Lothian   . 
Perthshire  .     . 
Morayshire 

Carbon 
per  cent. 

Nitrogen 
percent. 

Carbon 
per  cent. 

Nitrogen 
percent. 

1-415 
1-148 
1-537 
2-163 
1-890 

0-107 
0-115 
0-126 
0118 
0-089 

4-510 
1-981 
2-550 
0-714 

0-220 
0-130 
0-210 
0-074 

1-306 
1-563 
2-030 
0-390 

0-973 
0-150 
0-170 
0-048 

Russian  Black ^rth  from  the  Government  of  Tamboto  (Petzoldt). 
Jn  100  pts,  of  Earth  dried  at  115°— 120°. 

Lou  bj  ignitioQ.  Nitrogen* 

Manured  arable  soil 1818  0*17 

TJnmanured  subsoil 9*48  0-33 

Unmanured  arable  soil 8-28  0-30 

Syn.  with  CoBnn)Uiff. 

C^H^NK)  (?).— A  base  produced  by  the  action  of  hydrochloric 
add  on  solanine.  A  solntion  of  solanine  in  cold  concentrated  hydrochloric  add 
assumes  at  first  a  reddish  or  violet,  then  a  yellow  colour,  and  afterwards  yields  a  red- 
Ixrown  predpitate  containing  the  hydrochlorates  of  two  new  bases  sparingly  soluble  in 
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Moitissier  (ibid.  i.  368),  Zwengor  and  Kind  (ibid.  cix.  244;  czriii.  129),  and 
O.  Omelin  (ibid.  ex.  167).  The  results  of  these  several  investigations  exhibit  many 
points  of  difference,  possibly  because  the  crj'stallisablo  bases  obtained  from  different 
species  of  solanum  are  not  really  identical,  or  because  many  of  the  products  examined 
were  impure. 

Preparation. — 1 .  From  PotatO'shoofs. — The  fresh  shoots  are  boiled  in  water  slightly 
acidulated  with  sulphuric  acid ;  the  rapidly  expressed  liquid  is  precipitated,  while  still 
warm,  by  ammonia  ;  the  dried  precipitate  is  exhausted  with  boiling  alcohol;  and  the 
solanine,  which  separates  almost  completely  on  cooling,  is  several  times  crystallised 
from  alcohol,  till  it  dissolves  in  hydrochloric  acid  without  turbidity.  Fresh  rather 
short  potato -shoots,  not  too  much  developed,  yield  the  largest  quantity  (Re  u  berg, 
Ann.  Ch.  Pharm.  xxx.  225.  — Zwengep  and  Kind). — As  solanine  is  easily  resolved,  by 
heating  with  acids,  into  solanidine  and  sugar,  care  must  be  taken  not  to  use  the  acid  too 
strong  or  in  too  lai^  quantity.  Acetic  acid,  which  does  not  decompose  solanine,  would 
perhaps  be  better  adapted  lor  the  preparation  than  sulphuric  or  hydrochloric  acid. 
According  to  Kromayer  (Arch.  Pharm.  [2],  cxvi.  fl4;  Jahresb.  1863,  p.  450), 
solanine  is  most  easily  obtained  by  precipitating  the  expressed  juice  of  the  potato- 
germs  with  lime,  without  using  add,  and  exhausting  the  precipitate  with  alcohol. 

2.  From  Pot^ito-tubera. — The  potatoes  rubbed  to  a  pulp  are  digested  in  water  con- 
taining sulphuric  acid ;  the  filtrate  is  boiled  to  separate  albumin ;  the  liquid  again 
filtered,  and  precipitated  with  milk  of  lime;  and  the  precipitate  treated  with  alcohoL 

3.  From  toe  berries  of  Solanum  nigrum^  &c. — The  ripe  berries  are  pressed ;  the 
juice  is  precipitated  by  ammonia,  and  the  grey  pulverulent  precipitate  is  purified  by 
recrystallisation  from  alcohol,  with  aid  of  animal  charcoal. — Peschier  dissolves  the 
impure  precipitate  in  acetic  acid,  precipitates  the  filtrate  with  ammonia,  and  then  treats 
it  with  boiling  alcohol. — Payen  and  Chevallier  exhausted  the  dried  berries  of  Solanum 
verbascifolium  with  alcohol,  treated  the  extract  which  remained  on  evaporation  with 
water,  and  precipitated  the  aqueous  solution  with  magnesia,  whereby  impure  solanine 
was  obtained. 

Properties. — Solanine  (from  potato-shoota)  is  slightly  soluble  in  cold,  easily  in 
hot  alcohol,  and  crystallises  therefrom  in  slender  silky  needles,  which  under  the 
microscope  present  the  appearance  right-angled  four- sided  prisms.  It  is  nearly 
insoluble  in  water  and  in  ether.  From  its  solution  in  acids,  it  is  completely  separated 
by  alkalis  as  a  white  gelatinous  precipitate.  It  has  a  slightly  bitter  and  somewhat 
burning  taste,  and  faint  alkaline  reaction.  It  is  very  poisonous,  two  or  three  grains 
being  sufiScient  to  kill  a  rabbit  in  a  few  hours, — ^first,  however,  producing  paralysis  of  the 
hinder  extremities.  The  same  symptom  has  been  observed  in  oxen  after  eating  potato- 
shoots.  It  melts  at  about  235^  to  a  yellowish  liquid,  solidifying  to  an  amorphous 
mass.  At  a  stronger  heat,  it  emits  the  odour  of  burnt  sugar  (Zwenger  and  Kind). 
When  a  very  small  quantity  of  it,  in  the  state  of  fine  powder,  is  heated  on  a  piece  of 
platinum-foil  having  in  the  middle  a  hemispherical  depression  covered  with  a  small 
watch-glass,  it  sublimes  in  a  network  of  slender  needles.  (H  el  wig;  AnaL  Zeitschr. 
iii  43.) 

The  analyses  of  solanine  by  different  chemists  exhibit  great  diversity,  as  the  following 
table  will  show: — 


Frtmt  Solanum 

Duicamara. 

From  PotatO'SkooU, 

Carbon    . 
Hydrogen 
Nitrogen 
Oxygen 

nenry. 

760 
91 
31 

12-8 

UoUiuler. 
60-9 

8-7 

3-6 

26-8 

BJanchet. 

62*0 
8-9 
1-6 

27-6 

62-2               6001 

8-7                 8-40 

1-37 

29-1               30-22 

1000  1000  100*0  1000  100-00 

Henrys  analysis,  which  differs  widely  from  all  the  rest^  may  be  represented  by  the 
formula  C»"J3^A«0'»;  Blanchetfs  by  d^H»NO^  or  C^H'TJO".  Moitissier  deduces 
£K>m  his  own  analysis  the  formola  C^H^NO'*  or  C«'H»NO^  Zwenger  and  Kind's 
zemdts  may  be  lepresented  by  the  formula  C^^'^NO*',  requiring  60-21  per  cent  carbon, 
8*38  hydrogm,  1*68  nitrogen,  and  29*88  <»nrgen.*  O.  Ghnelin  found  variable  quantities 
of  nitragea  in  lolnmnfi,  tad  is  of  opinion  that  the  pure  substance  is  firee  from  nitrogen : 
hm  dcdoMl  tan  his  analyses  the  fbnnula  C^WH)**,    But  the  basic  character  of 

ep 


it  moitpnMble  that  it  contains  nitrogen. 

h-— 1.  fiiilmina^  satgected  to  drj  distillation,  yields  solanidine  togeth 


fliMlNnnila  (^B^NO^,  for  tdnidlM  C^H^UO^,  and  for 
lifclrii  an  iBsdmlMibte,  bseaoM  Um  mm  of  Um  hjdrosen-  mkI 
"    Mwr,  tbigr  do  mit  raiir—eat  tlie  nnmben  obtained  bj 
Ihs  aMnate  0»HTinOW  and  CBH«iNO. 
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The  hydroferrocyanate  is  precipitated  in  white  flocks  on  miziDg  a  solution  of  any 
Bolanine-salt  with  ferrocyanide  of  potassium. — The  meliitate  is  soluble  in  water,  the 
neutral  solution  depositing  solanine  when  evaporated. — The  mucate  ciystallises  in 
slender  easily  soluble  needles.     (Baumann,  Arch.  Pharra.  xxxiii.  23.) 

The  oxalate,  2C«H"N0".C«H«0\H*0,  is  obtained  by  evaporating  a  solution  of 
Bolanine  in  aqueous  oxalic  acid, in  white  crystalline  crusts  mixed  with  amorphous  salt: 
its  aqueous  solution  de]X)8it8  solanine  when  boiled.  It  gives  off  its  water  at  100°. 
(Zwenger  and  Kind.) 

The  phosphate  \s  obtained  by  precipitation  as  a  white  crystalline  powder. — The 
succinate  crystallises  in  easily  soluble  slender  needles. 

BOIOLNOImBLO  and  SOXJkVOSTllASZC  ACZXMIt    See  Potato-fat  (iv.  723). 

SOlb^VDHV.  The  most  important  plant  belonging  to  this  genus  is  the  potato 
{Solatium  tuberosum,  iv.  720). 

Solarium  Dulcamara,  —The  stalks  of  this  plants  which  are  used  in  medicine  under 
the  name  of  bitter-sweet,  or  SHpites  Dulcamara,  contain  picroglycion  ordnlca- 
marin  (iv.  642),  together  with  solanine  and  other  substances. 

Solanum  Lycoper8ioon.^The  leaves  of  this  plant  are  said  to  contain  an  alkaloid 
soluble  in  water.  The  deep  red  somewhat  acid  fruits,  called  love-apples  or  toma- 
toes, contain  a  free  acid— malic  acid  according  to  former  statements,  citric  acid 
aoconling  to  Bertagnini  (Jahresb.  1860,  p.  662);  probably  also  solanine,  together 
irith  volatile  oil,  uncrystallisable  sugar,  &c.   (See  Enz,  Jahresb.  1862,  p.  614.) 

Various  other  species  of  solanum,  especially  the  fruits,  are  said  to  contain  solanine 
together  with  malic  acid  (?) :  e.g.,  S,  mammosum,  S.  nigrum,  and  S.  verbascifolium. 

SOZiikS  OZXi.  A  name  applied  in  commerce  chiefly  to  the  heavier  portions  of 
petroleum  and  shale-oil,  the  lignter  portions  being  called  photogen,  hydrocarbon,  dec 
(See  Parafpin,  iv.  846.) 

SOIiF AT  A  TB  /I  B.  Craters  of  extinct  volcanos,  which  give  indications  of  their 
former  activity  by  still  emitting  vapours  and  gases  of  various  kinds,  sometimes 
depositing  sulphur,  sal-ammoniac,  and  other  solid  minerals,  on  the  walls  of  cavities 
in  the  craters. 

BOZiFATJiXZTB.  The  name  given  byShepard  (SiU.  Am.  J.  zvi.  203)  to  soda- 
alum,  on  account  of  its  occurrence  in  the  solfatara  near  Naples. 

80&UTZ0]f  •  The  liquefaction  of  a  solid  or  gaseous  body  by  contact  with  a  liquid, 
the  solid  or  gas  being  diffused  uniformly  through  the  liquid,  and  not  separating  when 
left  at  rest.  The  liquid,  which  thus  takes  up  or  absorbs  a  solid  or  gas,  is  called  the 
solvent  or  menstruum ;  and  the  product  of  the  action,  as  well  as  the  action  itself 
is  called  a  solution. 

The  product  formed  by  the  union  of  liquids  one  with  the  other  is  usually  called  a 
mixture,  if  the  two  liquids  are  capable  of  uniting  in  any  proportions  whatever,  as  is 
the  case  with  water  and  alcohol,  or  alcohol  and  ether;  and  a  solution,  when  each  of 
the  liquids  is  capable  of  taking  up  only  a  limited  quantity  of  the  other.  When  two 
such  liquids  are  brought  together  in  such  proportion  that  neither  can  dissolve  com- 
pletely in  the  other,  two  layers  are  generally  formed,  each  containing  an  excess  of  one  of 
the  liquids.  Thus,  when  wat«r  and  ether  are  mixed  in  equal  volumes,  two  layers  are 
formed  after  a  while,  the  upper  consisting  of  ether  holding  water  in  solution,  the  lower 
of  a  solution  of  ether  in  water. 

The  solution  of  eases  in  liquids  has  already  been  considered  under  Gasbs,  Absoap- 
TioN  OF,  ii.  790 ;  the  present  article  relates  to  the  solution  of  solids. 

Eespecting  the  difference  between  solution  and  definite  chemical  combination,  see 
Chkmical  AFFDnTY  (i.  861). 

The  solution  of  a  solid  in  a  liquid  is  usually  attended  with  a  fall  of  temperature, 
arising  from  the  conversion  of  sensible  into  latent  heat,  which  always  accomimnies  the 
passage  of  a  body  from  the  solid  to  the  liquid  state  (Hbat,  iii.  79).  In  some  cases, 
however,  the  actual  solution  of  a  solid  is  preceded  by  the  formation  of  a  definite 
chemical  compound,  and  is  then  attended  with  rise  of  temperature :  thus,  anhydrous 
baryta  or  lime,  and  many  anhydrous  salts,  when  brought  in  contact  with  a  certain 
quantity  of  water,  are  first  converted  into  definite  hydrates,  and  become  very  hot ;  but 
tne  subsequent  solution  of  these  hydrates  in  a  larger  quantity  of  water  is  attended  with 
reduction  of  temperature.  The  solution  of  one  liquid  in  another  takes  place  without 
change  of  temperature,  excepting  when  a  definite  compound  is  first  formed,  as  on 
mixing  oil  of  vitriol  with  water,  in  which  case  heat  is  evolved.  (See  Hf.at,  iii.  79,  109 ; 
also  GmelirCa  Handbook,  ii. 69. — Favre  and  Silbermann,  Compt.  rend.  xxiv.  1081 ; 
Jahresb.  1847-48,  p.  63.— Favre,  Compt  rend.  1.  1160;  liL  316;  Jahresb.  1860, 
p.  33. — Pohl,  J.  pr.  Chem.  Ixxxii.  264 ;  Jahresb.  1860,  p.  36. — Hausmann,  Jahresb. 
1864,  p.  97)  -—On  the  depression  of  temperature  consequent  on  the  dilution  of  saline 
solutions,  see  J.  Begnauld  (Instit.  1864,  p.  168;  Jahi^sb.  1864,  p.  99). 
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rend.  Ix.  831,  973;  Jahresb.  1865,  p.  74)  and  De  Oernez  (Compt  rend.  Ix.  833; 
Izi.  847;  Jahresb.  1865,  pp.  74,  78),  Uie  sudden  erysUUisation  is  in  all  cases  induced 
only  by  contact  with  a  crystal  of  the  same  salt,  possessing  the  same  form  and  degree 
of  hydration  as  the  crystals  which  separate  out ;  and  in  the  case  of  those  supersaturated 
solutions  which  crystallise  suddenly  on  exposure  to  the  air,  it  is  due  to  the  presence  of 
minute  particles  of  that  salt  floating  in  the  air.  From  an  experiment  of  De  Gemez,  it 
appears  that  microscopic  crystals  of  sodic  sulphate  may  be  obtained  by  passing  air, 
even  in  the  open  country,  through  pure  water,  and  evaporating  the  water  on  a  glass 
plate.  Jeannel  (Compt.  rend.  Ixi.  412;  Ixii.  37;  Jahresb.  1865,  pp.  77,  79),  how- 
ever, denies  the  necessity  of  contact  with  the  salt  actually  contained  in  the  solution. 
He  finds,  indeed,  that  a  supersaturated  solution  of  sodic  acetate  may  be  made  to  crys- 
tallise by  contact  with  any  solid  substance  (a  piece  of  pap^r,  for  example),  and  a  solu- 
tion of  sodic  tartrate  by  contact  with  a  clean  dry  class  rod.  He  attributes  the 
phenomenon  of  supersaturated  solutions  chiefly  to  the  fact,  that  the  salts  in  question 
are  capable  of  forming  in  hot  water  peculiar  hydrates,  which  under  certain  circum- 
stances remain  permanent  after  the  solution  has  cooled  to  a  certain  pointy  but  are,  for 
the  most  part,  broken  up  by  contact  with  a  solid  body,  and  especiaUy  with  a  particle 
of  the  dissolved  salt.  (Respecting  supersaturated  solutions  of  sodic  carbonate  and 
sulphate,  see  Caj»onatb8,  L  795,  and  Sulphates.) 

When  two  or  more  salts  are  dissolved  in  water,  and  no  new  salt  separates  out  by 
double  decomposition,  the  quantity  of  each  held  in  solution  by  a  given  quantity  of 
water  is  generally,  but  not  always,  less  than  if  either  salt  were  dissolved  separately. 
In  this  case  the  quantities  contained  in  a  saturated  solution  are  the  same,  whether  the 
two  salts  are  dissolved  simultaneously  in  the  water,  or  the  water  is  first  saturated* 
with  the  one  salt,  and  then  brought  in  contact  with  an  excess  of  the  other,  a  portion 
of  the  first  salt  then  crystallising  ouL  A  saturated  solution  of  common  salt  shaJcen  up 
with  sal-ammoniac  takes  up  a  large  quantity  of  the  latter,  and  deposits  some  of  the 
sodic  chloride  in  cubes ;  a  saturated  solution  of  sal-ammoniac  also  takes  up  common 
Bait,  and  deposits  sal-ammoniac  in  dendritic  forms.  When  a  solution  of  common  salt 
saturated  at  ordinary  temperatures  ts  mixed  with  a  saturated  solution  of  sal-ammoniac, 
a  mixture  is  formed,  without  change  of  temperature,  which  is  capable  of  taking  up  a 
certain  quantity  both  of  common  salt  and  of  sal-ammoniac.  On  warming  the  satu- 
rated mixture  with  common  salt,  a  small  quantity  is  also  taken  up,  and  separates  out 
again  on  cooling.  If,  on  the  other  hand,  sal-ammoniac  be  added  during  the  warming 
of  the  mixture,  it  at  first  dissolves,  forming  a  clear  solution ;  if  a  laiger  quantity 
be  added,  this  also  dissolves,  but  separates  a  considerable  quantity  of  common  salt ; 
and  as  the  liquid  cools,  the  common  salt  redissolves,  and  tbe  sal-ammoniac  which  had 
been  taken  up  by  the  hot  liquid  crystallises  out.  Similar  relations  are  exhibited  by 
mixtures  of  sal-ammoniac  and  chloride  of  potassium,  of  the  latter  with  chloride  of 
sodium  or  barium,  and  apparently  also  by  nitrate  of  ammonium  and  nitrate  of  sodium. 

Many  salts  dissolve  in  water  to  the  same  amount,  whether  the  water  is  shaken  up 
with  an  excess  of  either  of  them  alone,  or  simultaneously  with  a  second  mlt ;  but  the 
quantity  of  this  second  salt  dissolved,  is  smaller  than  if  the  first  were  not  present. 
Thus  a  saturated  solution  of  potassic  chloride,  or  nitrate,  dissolves  only  a  small  quantity 
of  potassic  sulphate ;  and  if  a  saturated  solution  of  the  latter  be  shaken  up  with  either 
of  the  preceding  salts,  a  large  quantity  of  potassic  sulphate  separates  out. 

Lastly,  a  given  quantity  of  water  can  in  some  cases  dissolve  a  larger  quantity  of  a 
salt  (A),  if  previously  saturated  with  another  salt  (£),  and  at  the  same  time  take  up  an 
additional  quantity  of  the  second.  In  this  case  the  quantities  taken  up  are  different 
according  as : 

a.  A.  quantity  of  water  saturated  with  a  salt  A  are  shaken  up  with  an  excess  of  B, 

^.  Water  previously  saturated  with  B  is  saturated  with  A, 

y.  The  water  is  shaken  up  with  an  excess  of  the  two  salts  simultaneously. 

For  example,  with  sal-ammoniac  (A)  and  saltpetre  (B\  dissolved  in  water  at  18}°, 
the  following  quantities  are  taken  up  in  the  three  cases  by  100  pts.  of  water: 


a. 

fi- 

V- 

37*98 

44-33 

39-84 

37-68 

30-56 

38-62 

Sal-ammoniac 
Saltpetre 

In  solutions  containing  three  salts,  still  more  complicated  relations  are  observed, 
and  in  all  cases,  the  effects  produced  are  such  as  indicate  the  formation  of  double 
salts,  and  the  division  of  the  acids  among  the  several  bases.  (Chehicai.  ArFnnTT,  i.  863 ; 
Handw.  d.  Chem.  ii.  2**  Aufl.  ii.  [1],  554. —  GmdirCa  Handboo^j  ii.  71.) 

On  the  questions  whether  certain  salts  dissolve  in  water  in  the  anhydrous  or  hy- 
drated  state,  see  Schiff,  Ann.  Ch.Pharm.  cvii.  293 ;  Jahresb.  1858,  p.  37. — ^Wu liner, 
Pogg.  Ann.  ciii.  529;  ex.  564;  Jahresb.  1858,  p.  45;  1860,  p.  47.-— Kudorf^  Jahresb. 
1862,  p.  22. 
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SOBSAMZBB.    C«H*NO  »  ^/^  \n.— An  amide  produced  by  the  action  of 

dry  ammoniom-carbonata  on  erode  sorbic  chloride,  or  of  aqueons  ammonia  on  sorbic 
ether  at  120^.  It  forma  white  easily  fusible  needles,  soluble  in  water  and  in  alcohoL 
(Hofmann.) 

BOSBAVZ&XBB  or  Phenyl-sorbamide,  C*H*(C*H*)NO,  is  produced  by  the  action 
of  aniline  on  sorbic  chloride,  as  an  oil  which  solidifies  in  the  crystalline  form«  (Hof- 
mann.) 

SO&8XC  ACZD.     OHW  =       H    /  ^-    ( A.  W.  H  o  f m  a  n  n,  Chem.  Soc  Qu.  J. 

xii.  43.) — A  monobasic  acid,  produced  by  isomeric  transformation  of  parasorbic  acid, 
a  volatile  oily  acid  obtained  from  mountain-ash  berries.  When  the  liquid  which 
remains  after  partially  saturating  the  juice  of  the  unripe  berries  with  milk  of  lime,  is 
left  to  stand  till  all  the  neutral  calcic  malate  is  deposited  from  it  (iii.  789),  and  then 
distilled  in  a  copper  vessel,  ultimately  with  addition  of  a  little  sulphuric  acid,  an  acid 
distillate  is  obtained,  from  which,  after  saturation  with  sodic  carbonate  and  evapora- 
tion, a  brown  oil  is  separated  by  sulphuric  acid ;  and  by  dissolving  this  oil  in  ether, 
leaving  the  ether  to  evaporate,  and  rectifying,  a  transparent  colourless  oil  is  obtiuned, 
consisting  of  parasorbic  acid,  C*HH)*,  which  when  gently  heated  with  solid  caustic 
potash,  or  boiled  for  some  timf>  with  strong  hydrochloric  acid,  is  transformed  into 
crystallisable  sorbic  acid,  having  the  same  composition. 

Sorbic  acid  is  easily  purified  by  reczystallisation  from  hot  water;  it  dissolves  essilj 
also  in  alcohol  and  ether,  and  ciystaUis'^  firom  a  boiline  mixture  of  1  voL  alcohol 
and  2  vols,  water,  in  white  needles  an  inch  long.  It  is  inodorous,  melts  at  134*6^, 
volatilises  without  decompofiition,  and  decomposes  carbonates.  Viixh  phospkorie  chhride 
it  yields  sorbic  chloride,  C'H'OCL  Heated  with  hydrate  of  barium,  it  yields  a  volatile 
aromatic  hydrocarbon,  together  with  carbonate  of  barium. 

Sorhate  of  Ammonium  crystallises  in  long  needles :  its  concentrated  solution  is 
precipitated  by  chloride  of  calcium  and  by  most  salts  of  the  heavy  metals,  but  not  by 
chloride  of  barium,  strontium,  or  magnesium. — The  potassium-  and  aodium'SaUs  ctjb- 
tallise  with  difficulty.— The  baHum-salt,  C»«H"Ba''0^  and  the  calcium-salt,  C^m^*CarO\ 
crystallise  in  silvery  scales. — The  silver-salt^  C^'AgO',  is  a  white  crystalline  pre- 
cipitate. 

Kthylic  Sorbate  or  Sorbic  ether,  C«H»(C«H*)0«,  produced  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  the  acid,  or  by  the  action  of  alcohol  on  sorbic 
chloride,  is  a  liquid  having  an  aromatic  odour,  like  that  of  benzoic  ether,  and  boiling 
at  196-6°. 

Parasorbic  Aeld*  C*H*0*. — This  acid,  prepared  as  above,  is  when  freshly  dis- 
tilled, a  transparent  colourless  liquid,  of  specific  gravity  1  '068  at  16°.  Its  vapour,  in  the 
concentrated  state,  has  a  repulsive  almost  intoxicating  odour :  it  is,  in  fiict,  the  source 
of  the  peculiar  pungent  odour  which  the  juice  of  mountain-ash  berries  evolves 
when  partially  saturated  with  lime.  It  boils  constantly  at  221°,  but  a  portion  of  it  is 
always  converted  during  distillation,  even  in  a  stream  of  Iqi^drogen,  into  a  yellow 
resinous  substance.  It  is  faintly  acid,  dissolves  in  moderate  Quantity  in  water, 
forming  an  acid  solution,  and  in  all  proportions  of  alcohol  and  etner.  Its  solutions 
in  ammonia,  potash,  soda,  baryta-water,  and  lime-water,  diy  up  to  amorphous 
residues ;  it  dissolves  in  alkaline  carbonates,  but  without  eoEpelling  the  carbonic 
acid. — Nitrate  of  silver  added  to  the  ammoniacal  solution  forms  a  white  gelatinous 
precipitate,  C*H'AgO',  which  blackens  on  exposure  to  light. 

80SBZC  CB&O&ZBB.  Chloride  of  Sorbyl,  G«H'0C1.— Produced  by  the  action 
of  phosphoric  chloride  on  sorbic  acid  or  its  potassium-salt.  It  ia  converted  by  water 
into  the  acid,  by  alcohol  into  etbylic  sorbate,  by  ammonia  into  sorbamide,  by 
aniline  into  phenyl-sorbamido. 

Ethylic  sorbate. 

ACXB.    An  acid  produced  by  heating  sorbite  with  tartaric 
acid  to  100°.    (Berthelot) 

80&BZTB.  Sorbin.  C«H'"0«.  (Pelouze,  Ann.  Ch.  Phys.  [3],  xxxv.  292.)— An 
nnfermen table  sugar,  isomeric  with  grape-  and  milk-sugar,  existing  in  the  ripe  juice  of 
mountain-ash  berries.  The  expressed  juice  of  the  berries,  gathered  towards  the  end 
of  September,  produces  deposits  and  vegetations  when  left  to  itself  for  13  or  14 
months,  and  at  last  becomes  clear  again  ;  and  the  clear  liquid,  decanted  and  evaporated 
to  a  thick  syrup,  yields  repeated  crops  of  crystals,  which  are  obtained  pure  by  two 
crystallisations  with  help  of  animal  charcoal. 

Sorbite  forms  very  fine,  regular,  transparent  crystals,  which,  according  to  Berthrlot, 
belong  to  the  trimetric  system,  and  arc  for  the  most   part   rhombic  octahedrons : 
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Gires  off  water  when  heated,  acd  melt«  to  a  black  bead  before  the  blowpipe*. 
Partially  decomposed  by  acids.  Analysed — a.  by  Nordenskiold  (Schw.  J.  zzzi. 
148) ;— A.  by  Wandesleben  (N.  Jahrb.  Pharm.  i.  32) : 

V*0^.  SIO«.  Al«0».  Fe«0».  FeO.  MgO.  H«0. 

a,  2-68        49-40         13-80  .     .  1817         10-67         4*38     «     9910 

6.  2-26         47-70         16-66         24-32  .     .  1021  .     .     =     9814 

The  presence  of  phosphoric  add,  and  the  uncertainty  as  to  the  state  of  oxidation  of 
the  iron,  render  it  impossible  to  reduce  these  results  to  a  definite  formula. 

80KOM0*  Sorghum  aaccharatum,  Holcus  saccharatus.  Sugar-sorgho. 
Chinese  sugarcane.  Imphoe.  Kao-lien.* — A  sugar-producing  grass,  resem- 
bling maize  in  external  appearance.  It  appears  to  have  been  first  obtained  by  the 
Jesuit  missionary  Du  Halde,  from  the  Chinese  province  Le  Chuen  ;  the  seed  was  sent 
to  France  in  1851,  where  the  plant  was  cultivated,  chiefly  by  Vilmorin  and  Beauregard, 
and  exported  in  1854  to  the  United  States,  where  numerous  experiments  were  made 
with  reference  to  its  utility  for  the  manufacture  of  sugar,  and  in  agriculture  as  a 
substitute  for  the  ordinary  sreen-crops.  Its  chemical  composition  has  been  investigated 
by  Gossmann  and  other  chemists ;  but  it  does  not  appear  certain  that  all  the  experi- 
ments have  been  made  on  the  same  species  of  plant. 

The  stem  or  cane  freed  from  leaves  contains,  according  to  Gossmann,  78*9  per  cent, 
water,  10-2  soluble  constituents,  8'2  cellulose,  0*4  to  0-5  insoluble  salts  and  cerasin. 
This  last  is  a  waxy  substance  distributed  unequally  over  the  surface  of  the  plant,  but 
most  thickly  on  those  parts  which  are  covered  by  the  sheaths  of  the  leaves ;  when 
mixed  with  tallow  it  is  said  to  make  excellent  candles.  By  charring  the  defoliated 
cane,  Gossmann  obtained  0*71  per  cent,  inorganic  constituents.  The  residue,  which  was 
alkaline,  consisted  of  calcic  and  magnesic  phosphates,  calcic,  magnesic,  potassic,  and 
Bodic  carbonates  and  chlorides,  and  silica ;  the  potash  was  in  laiger  proportion  than 
the  soda. 

The  leaves,  which  contain  no  sugar,  leave  when  burnt,  2-07  per  cent,  inoiganic 
constituents,  chiefly  consisting  of  silica,  lime,  and  magnesia,  and  contain  27  per  cent, 
moisture. 

The  ash-con  stituentfi  of  the  entire  plant  have  been  determined  by  J.  Elwert  The 
plants  used  in  this  investigation  belonged  to  a  species  of  soigho,  called  broom-corn, 
cultivated  in  America,  and  distinguished  from  the  Chinese  sugar-cane  by  its  longer  and 
much-divided  panicle.  100  kilogrames  of  the  green  plant,  equivalent  to  15*5  kilo- 
grammes of  the  dry  plants  yield  1*379  kilogrammes  ash,  oonsistmg  of — 

K«0.         lfa«0. 
20-3         4-7         21-4         2*2         1*9         80         141         16-5         10*5    «  99-6 


C«0.           CL         SO». 
21-4        2-2        1-9 

P«0».        CO*.          SI«0. 
80         141         16-6 

10-5 

ire  soluble  in  water — 

K«0.              Na«0.             CI. 
20-3            4-7             2-2 

80».           P«0». 
1-9            3-4 

SiO*. 
33 

Boluble  in  hydrochloric  acid:  21*4  CaO,  141  CO*,  4*6  P^O*;  insoluble:  13*2  silica, 
and  10-5  sand. 

The  juice  obtained  by  pressing  the  plant  tastes  very  sweet,  has  a  greenish-yellow 
colour,  turbid  appearance,  faint  add  reaction,  and  a  specific  gravity  of  about  1-07 
(9^  to  9JO  B.)  at  19°.  It  boils  at  101°— 101-5«>,  and  between  60°  and  70°  begins  to 
deposit  an  albuminous  coagulum,  without  however  clarifying  completely,  an  effect 
which  takes  place  only  after  prolonged  boiling.  When  left  to  itself,  at  20°  to 
25°,  it  soon  begins  to  ferment.  When  evaporated,  it  leaves — after  the  albuminous 
constituents  have  been  skimmed  off— a  transparent,  viscid,  sweet  residue,  which 
exhibits  no  trace  of  crystals,  and,  if  sumewhat  unripe  plants  have  been  used,  gives  the 
reactions  of  starch.  From  perfectly  ripe  canes  Gossmann  obtained  nothing  but 
cane-sugar,  and  that  to  the  amount  of  9  to  9*56  per  cent  According  to  Reihlen  and 
Fehling,  the  juice  of  broom-corn,  not  quite  ripe,  contains  4  per  cent,  cane-sugar,  and 
10  per  cent.  uncr}'stallisable  sugar.  Liidersdorff  found  in  the  juice  of  the  Chinese  sugar- 
cane, 7*5  per  cent,  sugar,  consisting  of  equal  parts  of  cane-sugar  and  fruit-sugar ;  and 
Bergemann  found  in  it  no  cane-sugar,  but  11-3  per  cent,  fruit-sugar.  Hence,  and  from 
the  elaborate  experiments  of  Dr.  Jackson  (Polyt,  CentralbL  neue  Folge,  xii.  1649), 
it  appears  that  the  plant,  in  its  earlier  stages  of  development,  contains  only  grape- 
sugar,   together  with  starch;  but  when  it  ripens,  all  tue  starch  disappears,   and 

•  Henrv  S.  O I  c  o  1 1.  Sorgho  and  Imphee,  the  new  Chinese  and  African  Sugarcane$,  New  York, 
18A7.~- Vilmorin,  Hecherches  de  torgha  $tur€,  1854.  ~St  Hn»b  ur  j.  The  Chinese  Stigar<mmr, 
Wew  York.  1857.  —  Jime«  F.  Cllvde,  The  Chinese  Sugarcane^  Bo«t<  n,  I8A7.  —  J  Lovring, 
Tke  Chinese  Sugareanes,  Philadelphia.  IftSS.— A.  GSstmann.  Joum  /  Landwirthscht^t.  vmi 
Henneberg,  neue  Folfre,  i  294  <  18M).-  H  a  b  i  c  h.  Polft.  CentralbL  1858,  p.  1G47.— L  5  f  fl  e  r.  Das  CM. 
nesisdke  Zuckem>kr,  Brannschwi'ig,  \^:^.—Handw.  d.  Chem.  Tiii.  G8. 
t  Sand  with  Cracet  of  iron. 
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Breithaupt'fl  name  for  a  Tariety  of  calcspar  from  New  Jerwj; 
which,  according  to  Jenzsch  (Pogg.  Ann.  xcvi.  145),  has  a  specific  gravity  2*81, 
hardness  3*5,  and  contains  80  per  cent,  calcic  carbonate,  together  with  the  carbonates 
of  magnesium,  manganese,  iron,  and  zinc,  and  5 '3  per  cent,  calcic  fluoride. 

BPASTAZiXTB.  Native  oxide  of  zinc,  usually  coloured  red  by  admixture  of 
manganic  oxide.    (See  Zixa) 

BPASTBZVb!  C'»H«^«.  (Stenhouse,  Ann.  Ch.  Pharm.  Ixxviii.  16  ;  Pharm. 
Centr.  1861,  p.  439;  Chem.  Gaz.  ix.  117.— Gerhardt,  TraiU/iY.  236.— E.  J.  Mills, 
Chem.  Soc.  J.  xv.  1 ;  Gm.  xiii.  161.) 

History, — Sparteine  was  discovered  in  1861  by  Br.  Stenhouse,  while  investigating 
the  Spartium  Sroparium^  or  Common  Broom.  The  formula  proposed  by  Stenhouse 
was  subsequently  modified  on  theoretical  grounds  by  Gerhardt,  but  a  re-examination 
by  Mills  showed  that  Stenhouse*s  formiUa  doubled  represents  the  true  composition 
of  sparteine. 

Preparation. — 1.  An  aqueous  decoction  of  broom  is  concentrated  to  about  a  tenth  of 
its  bulk,  and  set  aside  in  a  oool  place  for  twelve  hours ;  and  the  gelatinous  mass  which 
forms  is  thrown  on  a  filter,  and  washed  with  cold  water.  The  solutions  contain  the 
sparteine,  while  scoparin  in  an  impure  state  remains  on  the  filter.  The  filtrate 
is  distilled  with  excess  of  soda,  when  a  colourless  basic  oil  slowly  collects  at  the  bottom 
of  the  aqueous  liquid  in  the  receiver.     (Stenhouse.^ 

2.  The  plant  is  exhausted  with  water  faintly  acidulated  with  sulphuric  acid ;  the 
extract^  concentrated  by  evaporation,  is  distilled  with  soda  until  the  distillate  has  no 
longer  a  bitter  taste  or  alkaline  reaction ;  the  distillate,  acidified  by  hydrochloric  acid, 
is  evaporated  to  dryness  on  a  water-bath ;  and  the  mass,  slightly  moistened,  is  then 
distilled  with  solid  hydrate  of  potassium.  Ammonia  is  then  given  off,  followed  by 
the  base  in  the  form  of  a  thick  oiL  The  base  is  dehydrated  by  gentle  heating  witL 
sodium  in  a  current  of  dry  hydrogen.  When  completely  dry,  the  sodium  remaining  is 
removed,  and  the  base  is  finiUly  purified  by  rectification.    (Mills.) 

Properties.-^S^rteine  is  a  colourless,  transparent,  viscid  oil.  Its  specific  gravity 
does  not  appear  to  have  been  determined,  but  it  is  heavier  than  water.  It  has  a  peculiar 
odour,  whidi  is  more  unpleasant  after  rectification.  It  has  a  very  bitter  taste.  It  boils 
at  288^.  (The  hiffh  boiling-point  suggests  the  idea  of  its  being  a  diamine).  It 
neutralises  acids,  but  the  nits  formed  crystallise  with  difficulty.  It  is  a  narcotic 
poison  of  the  nicotine  character,  but  inferior  in  energy.  One  drop  dissolved  in  acetic 
acid,  and  administered  to  a  rabbit,  first  produces  excitement ;  but  this  is  followed  by 
stupor,  lasting  for  five  or  six  hours.  Four  mins  are  sufficient  to  kill  a  large  rabbit. 
It  readily  forms  double  salts  with  the  chloriaes  of  the  heavy  metals. 

Sparteine  dissolves  sparingly  in  water,  but  may  be  separated  by  adding  chloride  of 
sodium  to  the  solution.  Most  of  its  physical  properties,  including  its  vapour-density, 
have  yet  to  be  determined. 

^Compositions, — 1.  Sparteine  becomes  brown  on  exposure  to  the  air  for  a  few  days  at 
oidinaxy  temperatures,  and  more  rapidly  while  boiling. — 2.  Boiled  with  hydrochioric 
acid,  it  is  decomposed,  yielding  a  solution  having  an  odour  of  mice  (Stenhouse). 
On  the  other  hana.  Mills  concentrates  weak  solutions  of  sparteine  by  saturating  with 
hydrochloric  acid,  and  evaporating  to  dryness  on  the  water-bath. — 8.  Nitric  acid 
decomposes  sparteine,  yielding  a  substance  which,  when  treated  with  chloride  of  litne, 
affords  chloropicrin. — 4.  Bromine  converts  sparteine  into  a  brown  resinous  substance, 
much  heat  being  developed  durine  the  reaction. 

Salts  of  Sparteine, — The  chloride,  bromide,  and  iodide  are  amorphous  and  unfit 
fbr  analysis.     (Mills.) 
The  oxalate  forms  acicular  crystals,  which  are  difficult  to  obtain. 

ChloroplaHnate,  C'*H«^«.2HClJ>t«'Cl*.2H«0.— This  salt  precipitates  as  a  yellow 
crystalline  powder  when  a  solution  of  tetrachloride  of  platinum  is  added  to  a  solution  of 
sparteine  in  hydrochloric  acid.  It  crystallises  readily  from  a  solution  in  hot  hydro- 
chloric acid. 

Chloroauraie,  C"H*C^.2HClAu"'a*.— Sparteine  also  forms  double  salts  with  iodide 
and  chloride  of  zinc 

Substitution-derivatives  of  Spartdne, 

Iodide  of  Ethvl^rteine,  [C»*H"(C*H»)N«]' P.— Equal  volumes  of  sparteine,  alcohol, 
and  iodide  of  ethyl  are  to  be  heated  together  in  sealed  tubes  for  an  hour  to  100^.  Tho 
mixture  becomes  dark-coloured,  and  deposits  the  ethylated  compound  in  crystals.  They 
are  sparingly  soluble  in  cold,  readUy  in  hot  alcohol,  and  excessively  soluble  in  hot 
water  (Mills).  Oxide  of  silver  transforms  the  iodide  of  ethylsparteine  into  the 
livdrated  oxide,  [^••H»'((?H»)N«] | ^,     (Mills.) 
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1.  Tlu  subiiaiKt  it  tolid,  hcavUr  than  icaUr.  and  imoluMe  in  tkat  liquid. 
B.  By  the  Hydnttalic  Balance. — Thf  moBt  dbuoI  and  gencraltf  upplicabte  method  is 
bj  the  DBo  of  a  hydrostatic  balBnW.  The  (oUtanco  ia  firat  Co  be  weighed  accnmtely, 
in  the  uHiial  manner.  It  is  Ihan  to  bo  atlachrd  by  tt  alip-knoL  to  a  haraehair,  and 
Raspendeil  frum  the  iihoiit  pan  of  a  balsDoe,  ae  ic  Jig.  7f>U.  A  Teasel  of  diatilled  water 
beinp:  H>  placed  (hat  Ihe  Bubatunra  will  bang  freely  in  it,  the  Bubstance  will  appear  to 
be  lighti^r  than  before,  the  loss  of  weight  being  exactly  the  sniae  ax  Ihe  weight  of  a 
Tolume  of  water  equal  to  that  of  the  snbatonce.  In  olher  words,  a  body  inuneraed 
in  wat<ir  not  only  displuces  its  own  volume,  but  also  loses  a  portioa  of  its  weight 
exBOly  equal  to  that  of  the  watvr  diaplaeed.  If  the  arms  of  the  babuice  are  equal 
in  length,  it  will  only  be  neceBsary  Co  place  weights  in  the  short  pan  until  the  equili- 
brium is  resCored,  tu  get  all  [he  data  necessary  to  enable  the  specific  gravity  to  be 
computed.  If  the  arms  are  unequal  in  length,  it  will  be  necessaiy  to  adjtiat  the 
wsigliCi  in  the  other  pan  until  Che  aubitance  ia  counterpoised.  To  cak-nlate  the 
density,  it  is  only  necessary  to  diTida  the  woigbt  in  air  by  Ibe  loss  of  weight  in  water. 
Oieat  oire  must  be  talcen  during  the  operstios  that  toe  substance  is  always  sur- 
Ev  ...  rounded  by  water,  that  it  does  not  touch  the  sides  of  the  vessel,  and 
'^-  '"^^      that  no  air-bubbles  adh.™  to  it. 

b.  By  Nicioleott'i  Hsdrometer.  Sfs  Htdbovetkb  (iii.  211). 
e.  By  Ihf  Flask. — A  flask  with  >  wide  mouth  and  hollow  stopper, 
enlarged  at  its  upper  extremity,  and  having  a  mark  at  a  (Jig.  ^b\),  is 
to  bo  filled  to  the  mark  with  water,  and  its  weight  ia  to  be  ascertained. 
The  level  of  the  Liquid  can  easily  be  regulatfd  by  the  aid  of  a  amall  roll 
of  fillering-paper.  The  stopper  having  been  removtii,  th«  substance, 
be  weight  of  whidi  is  known,  ia  to  be  dropped  in.  The  stopper  ia 
.hen  to  be  replaced,  care  being  taken  that  no  air-bubbles  either  adhere 
o  the  substance,  or  lie  between  the  stopper  and  the  water ;  the  level  of 
:be  water  having  been  again  adjusted  to  the  mark,  the  weight  is  to  be 
I  ascertained.  To  calculate  the  result,  we  most  add  the  weight  of  the 
substance  to  the  weight  u(  the  flask  of  water,  and  from  the  number  ao 
obtained  deduct  the  weight  of  the  flask,  S»:.,iiS  obtained  after  inserting 
the  substance.  The  difierenee  will  be  the  weight  of  a  qnaDtity  of 
Water  equal  in  bulk  to  the  substance.  It  is  then  only  neceaaaiy  to  divide  the  origtoal 
Weight  of  the  substance  by  Che  number  so  obtained. 

d.  Froee»a  bymttuuring  the  volume  of  the  atdutanee. — The  substance  ia  to  be  veiled 

in  air,  and  then  dropped  into  a  graduated  tube  (Jig.  752),  filled  to  t^  lera  of  the  scale 

with  water.  The  graduations  indicate  grains  (or 

Fig.lbi.  grununes)  of  water.   It  is  evident,  therefore,  that 

when  the  substance  ia  inserted,  the  liquid  will 

rise  in  the  Cube,  and  indicate  at  once  the  weight 

of  a  bulk  of  water  equal  to  that  of  Che  subataDce. 

It  is,  therefore,  only  neceasaiy  to  divide  the 

weight  inairby  the  weight  of  an  equal  volume  of 

water,  as  indicated  by  tJie  iustmmeut,  to  obt«ia 

an  approiimBCion  to  the  speeifiG  gravity. 

3.   The  itdutanee  ii  lolid,  ami  inieliibU  in, 

but  lighitT  than  water, 
a.  The  solution  of  tbis  problem  is  (ncessively 
simple.  Only  three  data  are  required,  namely : 
the  wei^t  in  air  of  the  light  BobManee  ~  F ; 
the  weight  t'n  reattr  ot  a  piece  of  lead,  or  other 
heavy  substance  suffident  to  sink  it,  —  F*;  and 
the  weight  in  voter  of  the  light  substance,  and 
the  lead  attedied  to  each  other,  -  P*.  We 
have  then  the  denaity  D  by  tiia  following 
expression : 


Or,  in  words,  dedacC  fiioni  the  weight  of  the 
heavy  aubetance,  in  water,  the  weight,  in  water, 
of  the  light  and  heavy  substance  attached ;  add 
to  the  remainder  the  weight  of  the  lii^t  mb- 
slanee  in  air  ;  and  divide  the  weight  of  the  light 
substance  in  air  by  the  nnmher  m  obtained :  th« 
lesnlt  is  the  density. 
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short  calcalation.  Such  a  piece  of  apparatus  has  disadvantages  which  far  more  than 
counterbalance  so  slight  a  convenience.  In  the  first  place,  it  requires  a  quantity  of 
liquid,  which  is  often  more  than  is  at  the  disposal  of  the  operator.  In  the  next  place, 
it  has  the  serious  drawback  that,  if  the  temperature  of  the  balance-case  be  higher  than 
that  of  the  liquid,  expansion  of  the  latter  takes  place,  and  it  rises  in  the  tube  and 
escapes  down  the  sides  of  the  flask.  If,  on  the  ot-her  hand,  the  temperature  of  the 
balance-case  be  lower,  contraction  ensues,  and  a  void  space  is  formed  below  the 
stopper,  which  cannot  always  be  easily  filled  up.  Moreover,  volatile  liquids  escape  by  the 
aperture,  rendering  exact  weighing  excessively  difficult.  It  would  also  be  impossible, 
in  such  an  apparatuf*,  to  determine  the  density  of  a  liquid  at  a  standard  temperature 
either  above  or  below  that  of  the  air  at  the  time  of  making  the  experiment. 

All  the  above  objections  am  obviated  by  the  use  of  the  fiask  shown  in  fig,  764.     It 
is  essentially  the  same  as  that  described  in  treating  of  the  method  of  determining  the 
Fia  754         specific  gravities  of  solids  by  the  flask,  but  furnished  with  a  light  well- 
^'        '       fitting  stopper  having  no  aperture. 

If  it  be  required  to  determine  the  density  of  a  very  volatile  liquid  at 
(say)  4^,  it  is  only  necessary  to  fill  the  fiosk,  a  little  above  the  mark 
fl,  first  with  pure  distilled  water,  and  subsequently  with  the  liquid  to 
bo  examined.  After  filling,  it  will  be  necessary,  both  with  water 
and  with  the  liquid,  to  keep  the  fiask  in  a  bath  cooled  to  4^,  until 
the  required  temperature  is  obtained;  the  level  at  a  may  then  be 
adjusted  by  the  aid  of  a  piece  of  filtering-paper.  The  stopper  having 
been  inserted,  the  apparatus  is  to  be  allowed  to  acquire  the  temperature 
of  thf  laboratory,  so  as  to  prevent  errors  in  weighing,  which  might 
arise  from  the  deposition  of  moisture.  The  only  effect,  as  regards  the 
liquid,  will  be  its  rise  in  the  tube,  its  escape  being  impossible  owing  to 
the  enlargement.  Volatilisation  is  also  provided  against  by  the 
stopper. 

If,  on  the  other  hand,  the  determination  is  to  be  efiTected  at  a  tem- 
perature above  that  of  the  atmosphere,  the  level  is  to  be  adjusted  ut 
the  proper  moment,  and  the  apparatus  may  then  be  allowed  to  cool. 
The  liquid  will  then  descend  in  the  tube  at  a ;  but  no  source  of  error  is  introduced  if 
the  stopper  be  removed  tor  an  instant  to  allow  of  the  ingress  of  a  proportional  volume 
of  air,  and  even  this  precaution  is  unnecessary  save  in  refined  experiments. 

When  the  quantity  of  liquid  to  be  operated  upon  is  very  small,  a  vessel  of  the  above 
form,  but  of  sufficiently  small  size,  may  easily  be  constructed  at  the  blowpipe-lamp. 
Of  course  the  flask  will  then  be  only  in  one  piece ;  and  if  the  liquid  under  examination 
be  volatile,  a  small  cork  can  be  inserted,  because,  as  the  fluid  is  only  allowed  to  rise  to 
the  mark  on  the  neck,  there  will  be  no  fear  of  errors  arising  from  contaeti  and  conse- 
quent absorption  or  chemical  action.  ' 

Another  method  of  determining  the  speciflc  gravities  of  liquids,  consists  in  weighing 
a  piece  of  glass  or  platinum,  first  in  water,  and  then  in  the  liquid ;  the  weiAta  of  eqmd 
volumes  of  the  two  liquids  can  thus  be  obtained  with  accuracy,  even  imen  working 
upon  comparatively  small  quantities.  It  is  not  often,  however,  that  this  method 
pos.ie8ses  any  great  advantages  over  the  others  previously  described. 

For  general  considerations  on  specific  gravity,  as  connected  with  atomic  volume,  see 
the  article  Atomic  Volume  (i.  440). 

Specific  Gbavitibs  of  Qasbb, 

The  determination  of  the  specific  gravity  of  a  gas,  so  eminently  simple  in  theory,  is 
in  practice  an  operation  of  the  greatest  delicacy.  It  is  easy  enough  to  obtain  moderate 
accuracy,  but  results  worthy  to  be  depended  on  can  only  be  procured  bv  taking  a 
number  of  minute  precautions: — 1.  In  the  first  place,  it  is  important  that  tne  balloons 
in  which  the  gases  are  to  be  weighed  should  be  of  such  capacity  that  any  minute 
error  in  weighing  (such  as  a  deci-milligramme)  shall  bear  but  a  very  small  proportion 
to  the  weight  of  the  gas,  even  if  the  latter  be  hydrogen  itself — 2.  Great  care  must  be 
taken  that  the  film  of  moisture  which  deposits  upon  the  glass  of  the  balloon  is  the 
same  in  weight  when  weighing  the  ga^  that  it  was  when  weighing  the  air.  This  is  a 
point  of  great  difficulty,  and  its  neglect  may  give  rise  to  serious  errors. — 3.  The  absolute 
dryness  of  the  gas  and  the  air,  with  the  weight  of  an  equal  volume  of  which  it  is  to  be 
compared,  must  also  be  ensured. — 4.  The  temperature  must  be  most  carefully  noted,  and 
should  be  as  nearly  as  possible  the  same  during  all  the  weighings,  so  as  to  avoid  correc- 
tions.— 6.  A  similar  remark  applies  to  the  pressure  of  the  atmosphere,  and  consequently 
to  the  elastic  force  of  the  gas. — 6.  The  balance  should  be  of  such  delicacy  that  the  errors 
of  weighing  have  no  appreciable  influence  upon  the  result. — 7.  Every  possible  care  must 
be  taken  t^t  the  air  and  gas  are  absolutely  pure. 
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There  an  iIitm  principal  cum,  which  occur  id  Idbontoty  pncticr,  in  which  it 
becomes  necresai;  to  detenniiiB  gaseoua  dcnaitics: — I.  la  the  find,  it  is  meraly 
neceuKiy  to  ucertnin  the  specific  grarilj  of  a  gus  produced  in  >  reuction,  with  a  Tiev 
to  contmling  or  ascertaining  iti  Htomic  veight. — 2.  It  is  often  reqairpd  to  determine  thn 
■peciflc  gravitj  of  ecol-gu  for  uvhuical  porpoees. — 3.  It  ia  BometimeB  re>]nired  to 
detennine  the  upeciflc  grarity  of  a  gna  inth  every  precaDtion,  wj  as,  in  fact,  to  obtain 
a  Btandard  reflnlt.  In  the  firet  and  aemnd  caeea,  the  proeoBB  of  BnnBcn  is  unqueetion- 
ably  the  best  to  be  employed  ;  in  the  third,  it  would  h&  proper  to  use  that  of  R^pault^ 
We  ahall  consider  both  of  theee  methods,  premising  tbat  for  minute  detaila  it  will  be 
proper  to  coaEolt  the  origiual  works.  (Bunscn's  Gatonteiry,  transUted  by  Roscoe. 
Walton  andSIaberly. — Beg  nan  It,  BtiutiondatxpiHencaerUrrprUaparordrediM.U 
XiiiUIre  4ft  Iramux  puiiia,  tt  lur  la  propoiition  de  la  G^iHiuioa  Cenlrale  d<» 
ifacAin/>  a  vapmr,  poor  dilemintr  Ut  jirincipala  loii  tt  let  dmnitt  nunUriqati  aui 
entretit  dant  U  caiciii  dtt  Maeiinet  i  vaptur.  Mhnoira  de  CAcadintie  ReyaU  dta 
Scuneti  d<  flmtilat  de  Franct. — Alao  Jamin,  Coun  dt  Phi/iique,  ii.  166.) 

Buruai't  Method. 


It  is  fumiahad  with  on  nccnrately- 

„  n rr—     -r —   - — ^  '•  ™''7  about  the  thickness  of  a 

raw.    Before  Quing  the  flsak  with  gas,  a  small  piece  of  fused  chloride  of  calanm 
B  dropped  in,  and  made  to  dyelsUise  on  the  side  of  the  flask,  bj  oUoTing  a  drop 


of  water  to  come  in  contact  with  it,  and  then  warming  the  glaas  until  it  has  dis- 
solved.    Od  cooling  it  will  ciTStallise.    This  is  to  enable  the  gas  to  be  dried  in 
k  itself     The  Bask  is  to  be  flUed  with  mercury  by  the  aid  of  a  sm^Il  funnel 


-.Bchiiw  to  the  bottom.  It  is  then  to  be  inverted  in  the  mercurial  trough, 
A  A.  The  gas,  saCnnited  with  moisture,  but  otherwise  in  a  state  of  purity,  is 
then  to  be  allowed  to  enter  the  flask.  It  is  not,  howerer,  to  be  quita  filled. 
but  the  entry  of  gas  is  to  be  so  regulated,  that  the  mercui?  in  the  nedc  shall  re- 
main  a  few  millimetms  above  tbat  in  the  trough.  The  whole  is  then  to  be  allowed 
to  remain  nntil  the  gas  has  acquired  the  temperature  (1)  of  the  laboratory,  at  the  atmo- 
spheric preMure  P.  The  volume  V  of  the  gas,  and  the  height  p  at  the  metenry  in  the 
Bosk  above  that  in  the  trough,  are  then  ia  be  observed  Uirough  the  tatraeope  of  the 
cathetometer.  The  actual  volume  of  the  gas  at  t  and  P  is  found  by  consuKdng  ■  pre- 
vioualj  prepared  table,  indicating  the  capacity  of  the  flask  at  each  of  the  miJlimeCre 
marks  on  the  neck.  C^ng  the  obserrol  votume  so  obtained  Vi,  the  volume  Fg,  at 
0°  C.  and  760  mm.  pressure,  becomes : — 

V  -        ^■(J'  -  P) 

760  (1   +  O-0036T  ()' 
Thofluk  is  then  to  be  weighed,  to  obtain  the  weight  G,  of  the  corrected  rolume  V^ 
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Fig,  766. 


It  U  necessary,  in  order  to  do  this  without  bringing  the  hands  in  contact  with  the  flask 
(which,  by  warming  it,  would  alter  the  volume),  to  make  use  of  the  lever  apparatus 
represented  in  the  engraving  at  cf.  At  the  end,  /,  a  hollow  cork  is  fastened  contain- 
ing the  stopper,  but  it  is  so  placed  that  while  its  superior  extremity  enters  the  flask 
for  a  short  distance,  it  does  not  close  it,  because  the  wedge  d,  by  raising  the  end  r, 
keeps  the  end  /  depressed.  When,  therefore,  the  flask  is  to  be  closed,  preparatory  to 
the  weighing,  the  wedge  (^  is  to  be  taken  away,  and  the  finger-plate  c,  being  pressed 

upon  the  stopper,  enters  and  closes  the  flask. 
The  pin  c  is  tnen  to  be  withdrawn,  and  the 
flask,  along  with  the  lever  c/,  removed  from 
the  trough.  The  lever  apparatus  can  then 
be  detached  from  the  stopper,  so  as  to  allow 
of  the  flask  being  placed  on  the  pan  of  the 
balance.  Previous  to  the  weighing,  it  is 
necessary  to  clean  the  extremity  of  the  flask 
with  the  most  scrupulous  care.  It  is  to  be 
allowed  to  repose  on  the  balance  until  it  has 
had  time  to  attain  the  temperature  ^^  of  the 
balance-case  at  the  pressure  P^;  it  may  then 
be  weiehed.  The  number  so  obtained  we 
shall  call  0.  The  glass  stopper  having  been 
removed,  it  is  to  be  replaceid  by  the  £ying- 
tube  b  (fig.  756).  It  is  then  necessary  to  put 
the  apparatus  under  the  boll-glass  of  an  air- 
pump,  and  exhaust  and  readmit  the  air 
until  all  the  eas  has  been  replaced  by  it. 
The  stopper  is  again  to  be  inserted  after 
removal  of  the  drying-tube,  and  the  flask  is 
to  be  reweighed.  This  weight  is  called  G^^ 
The  weight  G^  of  the  volume  of  gas  V^ 
measured  in  the  flask  becomes : 


G^^  G- 


G,  + 


^xPx 


778  X  760  X  (1  +  0-00367^i) ' 

The  number  773  is  the  volume  in  cubic  centimetres  of  a  gramme  of  dry  air  at  0°, 
and  under  a  pressure  of  760  millimetres  in  the  latitude  of  Berlin. 
The  specific  gravity  [JD)  may  then  be  found  from  the  expression 


D 


773^. 


For  a  method  of  determining  the  specific  gravity  of  a  gas,  by  ascertaining  the  time 
of  its  efifhsion,  as  compared  with  the  time  of  efi\ision  of  air,  me  reader  is  referred  to 
Bunsen's  work  above  dted. 


Begnault^s  Method, 

Regnault,  in  his  magnificent  work  on  the  steam-engine  above  cited,  gives  an 
elaborate  account  of  the  methods  employed  by  him  to  determine,  witli  the  utmost 
possible  accuracy,  the  specific  gravities  of  the  more  important  gases.  These  methods 
are^  however,  fiir  too  complex,  and  re<|idre  too  elaborate  apparatus  to  be  employed  in 
tke  laboratory,  when,  as  in  ninety-nine  cases  out  of  a  hundred,  the  olgect  in  vifw 
is  simply  to  confirm  the  formula  of  a  gas  which  is  under  investigation.  The  process 
is  nevertheless  so  perfect,  and  the'  results  so  trustworthy,  that  it  would  be  hi^y 
improper  to  omit  a  condensed  account  of  it. 

Kegnault  usee  larj^e  balloons  capible  of  holding  ten  litres.  The  balance,  when  loaded 
with  a  kilogramme  m  each  pan,  indicates  readily  half  a  milligramme.  In  oider  to  do 
away  with  mimerons  uncertain  corrections,  arisine  from  variations  in  tiie  temperatare, 
pressure,  and  hygrometric  state  of  the  air,  the  balloon  in  which  the  gases  are  weighed 
IS  counterpoised  by  another  balloon  of  equal  bulk,  the  same  kind  of  glaas,  and 
of  nearly  equal  weight.  In  order  to  determine  the  volume  of  air  displaced  l^  the 
balkxm  in  wnieh  the  gases  are  to  be  weighed,  it  is  to  be  filled  with  vrater,  and  then 
weighed  in  water  of  the  same  temperature.  The  balloon  is  then  to  be  removed 
and  weighed,  after  wiping,  upon  a  strong  balance.  It  is  plain  that  the  difference 
between  the  two  weighings  is  the  same  as  the  weight  of  water  displaced  by  the 
external  volume  of  the  balloon.  It  is  then  necessary  to  obtain  a  counterpoise  of 
precisely  similar  external  volume,  or,  in  other  words,  which  displaces  the  same  volume 
of  air.  For  this  purpose  a  balloon  is  selected  a  little  smaller  than  the  first, 
including  its  stopcock.  The  latter  is  merely  closed  with  a  cap  ending  in  a  hook,  per- 
mitting it  to  bo  suspended  from  the  balance-pan.  Its  volume  is  then  ascertained,  and  if 
less  than  that  of  the  balloon  in  which  the  gases  are  weighed,  a  tube  closed  at  each  end. 
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The  Bto^cocb  are  than  to  he  no  tUTned  na  to  place  the  baUoon,  A,  in  commanicBtion 
vith  Ihe  air-pump  onlj,  and  the  Liltt^r  is  to  bo  worked  antil  as  perfect  a  tbcdudi  as 
possible  is  ubtained.  The  gas  it  tlien  allovrd  to  GDlerfrom  the  receiver  B  but  slowlj, 
BO  M  to  ensure  its  complete  desiccHtion  on  passing  through  the  tubts  TT.  These 
tubes  mny  be  chaiged  with  pamtcp  moistened  with  sulpbnricsfid,  or  with  fragments  of 
chloride  of  caldam,  m  with  pieces  of  bjdrate  of  potaesium,  uccordiog  to  the  nature  of 
lbs  gaa.  Lest  any  traee  of  air  should  remain  in  the  balloon,  the  eihuustion  and  Fe- 
filling  are  to  bo  repealed  until  it  is  certain  that  nolJiing  but  the  pure  gna  is  contained 
in  it.  Before  filling  the  eihausted  globe  for  the  Ust  time,  the  sheet-iron  cue  repre- 
sented in  tlie  engrnving  is  to  be  chained  with  fmgiuoat»  of  icei  the  taps  N,  M,  and  C 
then  being  tumni,  the  gns  is  allowed  to  enter.  When  the  ^lube  is  full,  the  tap  K  i*  to 
be  closed.  The  tube  at  P  not  haring  as  yet  been  slipped  or,  a  tnomentaiy  conunoni- 
cation  may  be  made  willi  the  atmosphere  by  rapidly  opening  und  closing;  N.  The 
elaslic  forcr  of  the  gas  may  therefore  be  known  by  mere  inspection  of  the  baiometer. 
The  cock  N  being  finally  closed,  and  the  system  of  tubes,  &c.  diKonnected,  Ihe  ballooD 
is  to  be  carefully  wiped  with  a  cloth  Buffldently  damp  to  prevent  elactrioal  eicifation, 
which  would  cause  seriona  anon  in  the  weighing.  The  globe  is  then  to  be  suspended 
on  the  balance,  and  after  two  hotirs'  repose  is  to  be  weighed.  This  delay  is  impera- 
liig.  759.  ti^B>  beeaose  so  la^e  a  volume  of  gas  does  not  immediatFlj 

acquire  the  temperature  of  the  bajance-case.  Moreover,  aa 
long  aa  the  air  of  the  balance-case  and  the  balloon  are  of 
different  tampenitnreB,  correnta  are  liable  to  fbrm,  which 
would  interfere  with  the  weighings;  finally,  the  delny 
allows  the  normal  amount  of  moisture  to  condense  on  tha 
balloon.  As  soon  as  weighinga,  taken  at  intervals  of  a  few 
minutes,  are  perfectly  constant,  the  balloon  is  to  be  replaced 
in  the  case,  and  again  aucrounded  with  ice.  Tlie  gas  is  then 
to  be  removed  by  tho  pump  precisely  aa  before.  In  order 
to  ascertain  the  elastic  force  of  the  residnsl  gas,  the  tube 
connected  with  the  raar>om<?ter  B  is  to  be  attached  at  P. 
Tlie  tube  must,  of  course,  be  prevented  &om  collapsing  by  a 
spiral  of  wire  contained  in  it,  or  it  may  be  made  of  lead. 
The  barometric  manometer  is  seen  in  sectioa  on  B  largnr 
scale  in/g,  769.  The  tube  A  B  is  merely  a  barometer  of 
20  mm.  interior  diametfr.  The  cistern  in  which  it  is  in- 
verted la  divided  into  t 
niR.    The  tube  CD  ii 

to  AB,  but  contracted  at  the  top  to  allow  of  the  attach- 
ment of  the  leaden  tube  ab.  The  preamre  of  the  atmo- 
sphere may  at  any  time  be  ascettuued  by  pouring  in  mer- 
cury until  it  Btands  above  the  diaphiagm,  and,  iflet 
lowering  tho  screw  V  until  its  lower  extremity  jnat  tonobes 
the  mercury,  measuring,  by  means  of  tlie  eathetomater,  the 
dialsnce  between  the  upper  part  of  the  scnw  and  the  level 
of  the  mercury  in  the  tube.  By  adding  the  preTionsly 
ascertained  length  of  the  acrew  tO  the  reamt  of  the  calheto- 
metric  measurement,  the  length  of  a  column  of  mermiry 
balancing   the   atmospheric   pnaanra   i«   accurately   ob- 

The  gas  having  been  finally  lemored  from  iJie  balloon,  a 
communication  is  to  be  established  betwam  tlie  latter  and 
the  tnbe  CD,  in  the  manner  indicated  aijlg.  TS&.  The  dif- 
ference in  Isrel  between  the  two  tnbea  having  been  care- 
hiUy  measnnd  by  meana  of  the  eathetometer.  the  elastic 
force  of  the  gas  remainiiig  in  the  balloon  is  at  once  ob- 
tained. The  thermometer  T  indicatea  the  temperatnni  at 
the  time.  The  elastic  force  of  the  residual  gas  having 
been  ascertniaed,  the  tap  is  to  be  dosed,  the  connecting 
tnbe  removed;  and  after  wiping,  &c,  with  the  some 
precantioni  aa  before,  the  balloon  is  to  be  weighed.  The 
difference  between  the  weighings  (P—p)  giveB  the  weight 
of  the  gas  which  at  0"  fills  the  balloon  at  the  atmospberia 
prewnre  S,  diminished  by  Ihe  elastic  force,  ^  of  the  residual 
gas-    The  weight  of  the  gas  at  the  narmal  tauperaton  and 


(P-P) 
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perfectly^  filled.  .  A  bi^  gUsa  irrltnd«r  open  at  bath  ends  i*  tli«ii  to  be  lowered  om 
tlM  gugar.    The  gu-ju  ma;  be  kept  id  the  ui>  of  the  cjliiutvr  b;  mean*  of  (ba 
j^  agg  mctil  piece  g  having  three  prq'ec- 

tions,  sod  alio  bj  meaiu  of  the  rod 
a  b,  eanriiig  a  esp  b.  The  rod  a  b 
puses  through  one  of  tiiree  aper- 
tures in  the  arm  i  h,  which  «lide« 
on  the  npii^t  rod  e  f,  attached  to 
'  the  iron  pot  at  A.    Theaimjialao 

allows  two  thermometcra,  t  and  t, 
to  be  BDppOTted  b;  meami  of  pierced 
corks   at    different  heights  in   the 
cjlinder.      The  arm  I  nt  snraiorta 
B   double-pointed  screw  of  known 
lenfftb,  the  nee  of  which  will  be  de- 
Bcnbed  prewnlly.     The  cjlinder  is 
now  to  be  filled  with  water  np  10  the 
line  d  p,  and  beat  is  to  be  applitd 
^  means  of  ihe  eiieniar  bonier,  {^r. 
The  liquid  in  the  cjlinder  will  now 
giadnollj  increase  in  temperature, 
and  at  ft  certain  poiot  ths  bnlb  will 
bnret,  and  the  mereuiy  will  be^ 
slowl;  to  descend  in  the  gaa-jar. 
Soon   after   the  WBl«r   enters  into 
ebullition,  it  will  be  found  that  the 
TapODF  will  cease  to   expand  acj 
fnnier.    The  Tolnme   Fmay  then 
be  noted,  aa  also  tbe  tempentnre  T, 
and  the  height  of  the  barometer. 
Bui  to  obtun  the  true  elastie  fbrce, 
P,  of  the  raponr,  it  will  be  neces- 
sary to  aaeertain  the  height  of  the 
merctuy  in  the  jar  shore  that  in  the 
trough,  and  to  deduct  this  value 
from  tiie  beight  of  the  barometer. 
For  thia  purpose  the  milled  head  n,  of  the  double  pointed  screw  n  o,  is  to  be  turned 
nntil  it  exai^y  touches  the  sorfsce  of  the  meicuiy  in  the  trough!     Sj  means  of  a 
ealhelometer,  the  difference  between  the  beight  of  the  roercnry  in  the  gas-jar  and 
the  upper  point  of  the  screw  can  be  accnratelr  determined.    It  il  obrions  UiaC  the 
elastic  force  of  the  vapour  maj  be  fbnnd  bj  adding  to  the  reading  of  ths  cBthstomeler 
the  length  of  the  screw  r  o  and  dedaetiag  the  sum  from  the  hnght  of  the  barometer. 
Of  eoune  the  Talnea  must  be  reduced  to  0°  prrriQas  to  calcnlatiitg  the  leanlts. 

Another  metjiod  of  ascertaining  the  elastic  force  of  the  Tanoor  is  u  follows.  Ifote 
aceoiately  the  division  on  the  gaa-jar  to  which  the  inser  level  of  the  mereui;  reaches. 
The  screw  n  0  ia  then  to  be  actuated  to  the  Imtl  of  the  menmr^  in  the  pot.  The 
water  in  the  cjlinder  is  now  to  be  removed  aa  far  as  ponsible  with  a  siphon,  and 
the  last  portions  bj  the  aid  of  filtering-paper.  The  metal  will  then,  of  oonnf,  be 
found  to  have  recedfd  from  the  point  of  the  screw.  More  metal  is  now  to  be  added, 
until  it  exactly  touches  the  point  of  the  screw  again.  The  exact  point  to  which  thia 
level  reaches  on  (he  gas-jar  ia  to  be  noted.  The  distance  between  thcra  two  paints, 
being  deducted  from  the  height  of  the  barometer,  give*  the  elastie  force  P  of  the  vapoor 
at  the  temperature  T. 

A  more  generally  eonvenient  form  of  appaiatns  lor  determining  vaponi- densities  b^ 
Oay-Lussac's  method,  and  one  whii^  requires  a  m<u^  smaller  quantity  of  mereur;,  u 
represented  m  fig.  761.  It  consists  of  a  cylinder  of  rather  thin  glaas,  a  i  c  if,  in  ehape 
Ute  a  very  large  lest'tube;  it  may  be  about  IS  or  18  inches  long,  and  6  or  6  in  dia- 
meter. At  the  lower  and  closed  end  it  ia  rounded,  and  care  must  be  taken  that  it  is 
thin  eooogh  to  stand  the  application  of  heat,  and  jet  strong  enoogh  to  bear  tbe  weight 
of  the  mercury  and  (be  rest  of  the  appantus  which  will  have  to  bo  inaerted.  A  email  and 
rather  light  gas-jar  (,  divided  into  half  cubic  centimetres,  is  supported  at  its  lower  end 
by  an  iron  cup/,  attached  to  a  rod  00  of  the  same  metuL  In  the  engraving  it  is  repre- 
■entad  in  the  act  of  being  lowered  into  its  place.  The  upper  end  of  the  jar  ia  kept 
■teady  by  the  ring  A  which  slides  on  the  lod  g  g.  The  cjlinder  ia  retained  io  its 
rstieal  position  by  the  ring  ■  sliding  on  the  massive  retort-stand  kk.  Therviga 
and  Uie  diennometer  I  are  supported  by  the  arm  m,  also  attached  to  the  retort-staao. 
Die  eylinder  being  charged  up  to  the  line  n  n  with  mercury,  the  gas-jar,  filled  with 
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mcrenr]',  and  hsTing  Uie  glan  Imlb  eoDtainitig  the  fluid  to  be  examiaed  insntrd,  ia 
pUctd  in  the  positioD  wen  in  ihe  fignn.  Tbecj-Hnder  is  then  to  be  filled  with  water, 
or  n«Bt'»-foot  oil,  nntll  the  ga»-jar  is  corered  for  at  leaHt  an  inch.  ThBCylindprin^be 
■uppoited  on  irin-gaiue  orer  the  tripod  o,  or  in  anj  other  coDTeoient  maaaer.  Heat 
ma;  b«  appUed  by  m  '  "  "         '"  "" 


Qieat  owe  moat  be  taJceo,  in 
MBung  the  bulb  up  into  tbe  01s- 
jnr,  to   prevent  fruton.     Tfae 


Fig.  761. 


oercnriol  trou£li,aod  to  incline 
It  loanangleofaboutlfi^.  The 
bulb  is  then  to  be  held  betveen 
the  thumb  and  two  flrat  fingers, 
the  tail  towards  the  palm  of 
tbe  band;  it  ia  then  to  be 
p^^•eDted  to  the  opening  of  the 

ri-jar,  and  when  inaertcd  is  to 
let  go  1  it  will  then  ascend  to 
the  lop. 

Tbe  elastia  Ibrca  of  the  gas 
can  beTeryreadiljdet^mined, 
owing  to  tbe  transparency  of 
the  c^jlind^r.  Witb  lliii  appn- 
nitiu  the  height  of  the  colomn 
of  oil  or  wnttT  must  be  aacer- 
txined,  and  reduced  bjoilrala- 
tiun  to  a  coireeponiling  value 
in  tnilliniPtjeBof  mercmj.  The 
flnstic  force  of  tJie  vapour  is 
then  found  by  adding  tbie 
number  to  tbe  beight  of  the 
barametfr,  and  deducting  the 
bright  of  the  mereniy  in  the 
gas-jar  above  the  level  of  tlie 
mercury  in  the  outer  Cylinder. 

By  proceeding  according  to  eithei  ot  tbe  mtthude  described,  wo  nsctrtain  tbe  volume 
whieh  a  iuiown  ireigbt  of  substance  occnpiea  at  a  given  temperatuie  and  preesare,  and 
it  only  remaina  to  determine  the  weight  W  of  the  same  volume  Vol  air  at  tbe 
same  temperature  T  and  pnaanie  P.  This  may  be  ascertained  by  means  of  tbe 
(bllowiiig  fonnnia : 

(T  -  0-0012032  gno  ,  r  . ? **,  ■ — 

"  1  +  000387  T    780 

The  expremion  1  +  000367  T  for  the  temperature*  at  wbich  tbe  spedflc  grSTitlM  of 
(/aw*  are  neuallj  determined,  haa  been  calculated  by  Mveral  phyriciste,  and  may  bo 
found  in  works  on  phyaica ;  and  an  eepecially  elaborate  table  of  this  description,  for 
every  tenth  of  a  demee  between  —  2°  and  +  40°,  may  be  found  in  Koocoe's  trans- 
Intion  of  Bansm's  Gatomrlry.  But  it  is  evident  that  vaponr-denaitiea  are  almoat 
always  determined  at  temperatnrea  more  elevated  than  this:  theantborof  this  article 

has,  therefore,  ealcnlated  the  more  comprehensive  BipreMion  „„„„.  _  for  all 

'^  '^  1  *  0-00367  T 

tbe  temperatures  at  which  a  vaponr-densi^  is  likely  to  bo  determined  by  Qay-Lussae'a 
process— viz..  from  1°  to  ISO".  Tbia  table  will,  from  the  time  whidi  it  will  save  in 
ealeulating,  be  fonnd  invaluable  to  those  who  luve  many  determinatiDns  of  this  class 

b.  ThriuhOanet  illiquid,  and  boils  aboer  WO",  bul  betow  tSD°.— -The  process  of  Qay- 
Livsac  IB  quite  capable  of  meeting  this  case,  but,  instead  of  water,  it  will  be  necessaiy 
t(i  BUbstituto  neats-foot  oil,  or  spermaceti.  During  the  openilion  tbe  oil  must  be 
stirred  by  the  aid  of  a  small  stirrer  attached  to  a  wire.  Aa  oil  does  not  remain 
colonrless  if  heated  for  a  long  time  t«  ISO",  it  is  advisable  to  make  tbe  experiment  in 
aucb  a  position,  tbat  a  good  light  from  a  window  or  lamp  may  be  brought  behind  it, 
BO  as  to  illuminate  the  diTisioiiB  ou  Ihe  goa-Jar  and  thermometer.  In  other  rejects 
tbe  opeistian  may  be  condacted  in  the  same  manner  as  that  laat  described. 
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T. 

r. 

r. 

^1    _    J 

0-99634 

31 

0-89786 

81 

0-81708 

■  91 

0-74964 

121 

0-6924B 

0-99271 

i  32 

0-89490 

0-81484 

i  92 

0-74758 

122 

0-89i>73 

0'9g91l 

33 

0-8B197 

63 

0-B1221 

0-74554 

123 

0-68899 

0  98653 

31 

0-88906 

64 

0-80979 

94 

0-74351 

124 

0-6872S 

0-98198 

0-88817 

65 

0-80740 

95 

0-74148 

125 

0-68552 

0-97845 

088330 

06 

080501 

96 

0-73947 

126 

0-68380 

0-97495 

37 

0-88044 

87 

0-80264 

'  97 

0-73747 

127 

0-68209 

0-97148 

!  38 

0-87781 

88 

0-80028 

98 

0-73648 

128 

0-68038 

096803 

39 

0-87479 

89 

0-79794 

99 

0-73350 

129 

0-67869 

0-96460 

.  40 

0-87199 

70 

0-79561 

0-73153 

130 

0-98130 

1  41 

0-88921 

71 

0-79329 

0-7Z967 

131 

0-67632 

0-96782 

42 

0-86646 

72 

0-79099 

102 

0-72782 

132 

0-67365 

0-95446 

43 

0-86370 

73 

O-T8870 

103 

0-72688 

133 

0-67199 

0-95113 

44 

0  8B097 

74 

0-78642 

104 

0-72376 

134 

0-67034 

0-94782 

4fi 

0-85828 

75 

0-78418 

106 

0-72184 

136 

0-88970 

0-94464 

46 

0-B5556 

TO 

0-78191 

108 

0-71993 

138 

0-66706 

0-94127 

47 

085289 

77 

0-77967 

107 

0-71803 

137 

0-6B543 

0-86022 

78 

0-77746 

108 

0-71615 

138 

0-66380 

0-93482 

49 

0-84758 

79 

0-77623 

109 

0-71427 

139 

0-66219 

0-93162 

60 

0-84495 

0-77304 

0-71240 

140 

0-66059 

0-92844 

51 

0-B4234 

81 

0-77086 

0-7 1065 

141 

0-66899 

0-92529 

52 

0-83974 

82 

0-76867 

112 

0-70870 

142 

0-65740 

0-82216 

53 

0-83716 

83 

0-768&I 

113 

0-70886 

143 

0-66582 

0-91905 

64 

0-83460 

94 

0-76436 

114 

0-70603 

144 

0-66424 

2$ 

0-91596 

56 

0-83206 

86 

0-7622Z 

115 

0-70321 

145 

0-65288 

26 

0-91289 

66 

0-82962 

86 

0-76010 

116 

0-70140 

146 

0-65112 

27 

0-90984 

67 

0-82700 

87 

0-75798 

117 

0-69960 

147 

0-64067 

28 

0-90682 

58 

0-82450 

88 

0-76688 

118 

0-69781 

148 

0-64802 

29 

0-90381 

59 

0-82201 

89 

0-75379 

119 

0-69603 

149 

0-64648 

30 

0-90082 

60 

0-B1964 

90 

0-76171 

120 

0-69425 

ISO 

0-64496 

2.  ThtjaroctMofDamtis. 
e.  Tht  tuhtlatvx  ii  li^id,  and  boiU  niow  160°,  hat  behu  300°. — Hie  procceg  beet 
XV-  7A2  adapled  tot    detmnining  the  Tspoar-dnislties    of 

^'  liqnidi  boiling  bervcou  the  abors  temp^ratnns  la 

Ihat  of  Dunua.  For  tbis  pnrpoM  it  is  proper  to 
employ  glaas  balloons,  baviDg  a  capieit;  of  from 
lOO  to  350  cubic  centimetrea;  the  eize  wilt  depend,  t4> 
a  great  eiCenl^  upon  the  qnauti^  of  mbetance  nt 
ihe  disposal  of  the  operator.  It  is,  bovcTer,  ab- 
Bolufrl;  neeesnary  to  haTe  mom  Eabatance  than  ie 
sufficient  to  fill  the  balloon  with  iU  vapour.  It  is 
also  proper  to  use  la^er  balloooB  as  tbe  density  of 
the  vapour  is  lower;  olhenrise  the  diBerenco  between 
the  weight  of  the  balloon  Slicd  irith  Taponr,  and 
when  filled  with  air,  will  be  so  small  as  to  render 
f  icfssivoly  accnrBtf  weighing  neccsaaiy,  in  ordtr  to 

Srovent  emr.  Dumas' isethidofdetenniDingTaponr- 
eusJIies  is  quite  capable  of  yielding  accurate  rpsulls 
in  the  cases  o  and  6;  but  it  reqnireB  more  subslsnce, 
and  does  not  permit  of  the  density  beins  determined  at  more  than  one  tempemture, 
without  making  a  erparatfl  oipenment  in  each  ease.  The  process  of  Oay-Lusanc,  on 
the  other  hand,  permits  [lumeroua  experiments  with  one  small  specimen  of  substaoca 
at  any  desired  temperaturo  within  eertaiu  cunges.  and  thus  enables  tho  opentor,  in  a 
very  short  time,  to  accumulate  information  regarding  certain  physical  properties  of 
sabstsnces  whidi  it  is  often  very  desirable  to  know—  euch,  for  example,  as  the  lowest 
temperature  at  which  tjia  labataDCe  under  study  begins  to  obey  the  lawi  of  permanent 
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simplicity  and  accuracy,  haa  the  advantage  of  occupying  only  a  few  seconds  (Phil.  Trans. 
1857|  p.  460).     The  point  of  the  balloon  having  been   broken  off  under  mercury. 


Fig,  764. 


■zr-85 


90 


95 


and  the  metal  having  entered  the  globe,  the  latter  is  to 
be  placed  on  a  straw  ring  (as  in  fig,  763,  p.  369),  beneath 
a  burette  divided  into  cubic  centimetres  and  fractions.  The 
screw  a  of  the  compression-stopcock  is  then  turned,  so  as  to 
allow  a  slow  stream  of  metal  to  flow  into  the  baUoon  until 
the  condensed  liquid  exactly  reaches  the  orifice.  The  quantity 
of  mercury  required  for  the  purpose  at  once  indicates  the  resi- 
dual air.  The  compression-stopcock  shown  in>^.  763  is  seen  in 
section  in^S^.  764.  It  is  capable  of  withstanding  a  very  con- 
siderable pressure  of  mercury,  and  is  so  manageable  that  the 
smallest  portion  can  be  added  at  will.  A  block  of  wood,  abed, 
has  a  square  hole  mortised  in  it>  through  which  passes  the 
vulcanised  tube  efg  k,  attached  at  e/to  the  lower  orifice  of 
the  burette.  A  piece  of  hard  wood,  t  k,  also  passes  through 
the  mortise,  and  is  retained  in  its  place  by  the  flange  t.  To 
close  the  orifice  it  is  only  necessary  to  turn  the  milled  head  /  of 
the  screw ;  the  piece  t  will  then  bo  pressed  against  the  vulcanised 
tube,  and  close  it. 

From  the  data  obtained  in  an  experiment  conducted  as  above, 
the  vapour-density  (2>)  may  be  calculated  in  a  few  minutes  with 
sufiScient  accuracy  for  most  purposes,  by  the  aid  of  the  following 
formula : — 

P  =  the  difference  in  weight  between  the  globe  filled  with 
air  and  when  fllled  with  vapour. 

V  «•  the  capacity  of  the  oalloon  in  cubic  centimetres. 
tit  «  the  weight  of  one  cubic  centimetre  of  air  at  the  tempera- 
ture at  which  the  balloon  fllled  with  air  was  weighed. 

tit  »  the  weight  of  one  cubic  centimetre  of  air  at  the  tempe- 
rature of  sealing  the  globe. 
The  values  of  n,  and  ^/  (in  grammes)  may  be  obtained  at  once  from  the  following 
table,  calculated  for  each  degree  centigittde  from  0^  to  300^ : — 

Weight  of  one  Cubic  Centimetre  of  Atmospheric  Air  at  different  Temper aturee,  from  0**  to 

80<i^  at  760  mm. 


OO 

0001293 

1 

1 

0001288 

260 

0001181 

51« 

0001091 

76*= 

0-001011  I  \0l^\  0-000943 

2 

0001284 

27 

OOOU77 

52 

0-001088 

77 

0001008 

102 

0-000941 

3 

0001279 

28 

0001173 

;  ^3 

0001084 

78 

0001006 

103 

0000938 

4 

0001275 

29 

0001169 

64 

0001081 

79 

0001002 

104 

0-000936 

5 

0001270 

30 

0001165 

'  55 

0-001077 

80 

0-001000 

106 

0-000933 

6 

0001266 

31 

0001161 

56 

0001074 

81 

0000997 

106 

0-000931 

7 

0001261 

32 

0001157 

57 

0001070 

82 

0000994 

107 

0000928 

8 

0001257 

33 

0001154 

58 

0-001067 

83 

0-000992 

108 

0-000926 

9 

0001252 

34 

0001150 

59 

0001063 

84 

0  000989 

109 

0-000923 

10 

0001248 

35 

0001146 

60 

0001060 

85 

0000986 

110 

0-000921 

11 

0001243 

36 

0001142 

61 

0001057 

86 

0000983 

111 

0-000919 

12 

0001239 

37 

0001138 

62 

0001053 

87 

0000980 

112 

0-000916 

13 

0001234 

38 

0001134 

63 

0001050 

88 

0-000977 

118 

0-000914 

14 

0001230 

39 

0001131 

64 

0001047 

89 

0-000974 

114 

0000911 

15 

0001225 

40 

0001128 

65 

0-001044 

90 

0000972 

115 

0-000909 

16 

0001221 

41 

0-001124 

66 

0001041 

91 

0000969 

116 

0000907 

17 

0001217 

42 

0001121 

67 

0001038  , 

92 

(^000967 

117 

0-000906 

18 

0001213 

43 

0001118 

68 

0-001035 

93 

0-000964 

118 

0-000903 

19 

0001209 

44 

0001114 

69 

0001032 

94 

0-000962 

119 

0-000900 

20 

0001205 

45 

0  001111 

70 

0*001029 

95 

0000959 

120 

0-000898 

21 

0001201 

46 

0001108 

71 

0001026 

96 

0-000956 

121 

0-000896 

22 

0-001197 

47 

0001105 

72 

0001023 

97 

0000953 

122 

0000894 

28 

0-001193 

48 

0001102 

78 

0-001020 

98 

0000951 

128 

0-000891 

24 

0001189 

49 

0-001098 

74 

0-001017 

99 

0-000948 

124 

0000889 

25 

0001185 

50 

0001096 

75 

0001014 

100 

0000946 

126 

0^000887 
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apparent  temperature,  T,  tlie  number  of  degrees  indicated  by  the  expression  (7*— 9) 

_!^.    But  the  temperature  2^,  as  indicated  by  a  mercurial  thermometer,  must  be 

6380 

exchanged  for  the  corresponding  temperature  7^,  as  indicated  by  an  air-thermometer ; 

this  may  be  obtained  without  experiment  from  the  following  table,  founded  on  the  ex* 

perimeuta  of  Begnault : — 

Table  for  the  Convertion  of  the  Degrees  (T)  of  a  Mercurial  Thermometer  into  the  cor- 
responding Values  (2*^  of  an  Air  Thermometer, 


r. 

r-. 

r. 

r'. 

r. 

v. 

r. 

T". 

100<» 

100° 

169-68 

170 

239-90 

240 

30108 

300 

109-98 

no 

179-63 

180 

250-05 

250 

31 1-45 

310 

11995 

120 

189-65 

190 

260-20 

260 

321-80 

320 

129-91 

130 

199-70 

200 

270-38 

270 

332-40 

330 

139-85 

140 

209-75 

210 

280-52 

280 

34300 

340 

149-80 

150 

219-80 

220 

290-80 

290 

35400 

850 

159-74 

160 

229-85 

280 

The  balloon  having  been  scaled,  and  well  cleaned,  its  weight  (P^  is  to  be  determined  ; 
the  weight  of  the  vapour  will  therefore  be  P—^P — p). 

The  residual  air,  t;,  having  been  found  in  the  usual  manner,  and  the  temperature  t" 
and  pressure  IT*  noted,  its  weight  p'  may  be  ascertained  by  means  of  the  expression : 

«•  -  00012932  grm  .  v ? _  .  ^ 

*^  *  1    +    000867r      760 

The  weight  of  the  vapour  becomes,  therefore,  (F-F  +  p  -  j»'). 

But  it  is  evident  that  to  obtain  the  true  volume  of  the  vapour  we  must  daduct  the 
volume  of  the  residual  air  at  the  temperature  of  sealing  the  balloon,  which,  even  as 
corrected,  we  shall  for  simplicit/s  sake  call  T,  The  volume  t<  of  the  residual  air  at  T 
and  H'  will  be : 

"       1   +   000367.  r  '  ff' 

Calling  the  coefficient  of  expansion  of  glass  k,  we  have  for  the  volume  of  the  vapour 
htTandir[y  (I   +  kT)  ^  v'].    The  density  of  the  vapour  will  therefore  be : 

y  -  P  4-  p  -  p' 


oooi2932[m  +  itD  -  tn  ^ ?. 

^  '  ■"  1  -h  0-00367.  r    760 

or,  at  Ml  length : 

p  _  p  ^    /        0-00129J2 J,  _  ^ 

W60(l    -t-   0003670^  ^/ 

1    +   000367  rn  00012982 


[f(i  +  ;tr)  -  ^}_±_^'OomJr[ 

^  1   +   000367^-^ 


00367^"-^  760(1   +   0-00867r) 


.ff. 


For  very  taH  details  regarding  the  calculations  in  vapour-density  determinations,  see 
Brown  (Chem.  Soc.  J.  [2],  iv.  72). 

As  the  expression 


1 


1       Q'On'tAT — T  ^^^^  ^^  taken  at  once  from  the  table  given  under 
section  6,  the  calculation  is  by  no  means  a  long  one. 

If  the  height  {IT)  of  the  barometer  has  been  taken  in  inches,  it  can  be  reduced  at 
once  to  millimetres  from  the  following  table,  extracted  from  the  writez^s  Handbook  of 
Chemical  Manipulation : — 


Table  for  the  Conversion  of  Inches  into  MiUimetres. 


IncbM. 

MIUiroetrM. 

Inchef. 

1  . 

25*89954 

6  . 

2  . 

50-79908 

7  . 

8  . 

7619862 

8  . 

4  . 

.   101*5982 

9  . 

6  . 

126*9977 

MniinetrM.' 
152-3972 
177-7968 
2081968 
228-5959 
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{vooecs,  makes  use  of  the  apt>aratii8  ihown  in  fig,  766.  A  small  glue-pot^  a  a,  is  to  be 
ground  at  its  mouth,  to  fit  accurately  the  iron  plate  h  h.  The  latter  is  pierced 
with  two  holes^-one  serving  to  give  egress  to  the  neck  c  of  the  balloon,  and  the  other 
to  admit  the  bent  iron  tube  d  d,  which  serves  to  cany  away  and  condense  the  vapour 
of  the  mercury.  The  gland  e  e,  bent  twice  at  right  angles,  has  two  screws  /  /,  which 
attach  it  to  the  ears  of  the  pot  The  gland  is  pierced  with  three  holes,  two  serving  to 
admit  the  pressure-screws  g  fft  and  one  to  permit  the  passage  of  the  neck  of  the 
balloon.  A  ring  gas-burner  (h)  serves  to  heat  the  apparatus.  The  substance  to  be 
examined  having  been  inserted  in  the  balloon,  «',  and  a  few  pounds  of  mereniy  baring 
been  placed  in  the  pot,  t^e  balloon  is  to  be  put  in  its  place,  the  neck  passing  through 

Fiff,  766. 


ft  cork,  the  upper  portion  of  which  projects  as  short  a  distance  as  possible  aboye  the 
eover  of  the  pot.  A  small  quantity  of  linseed-meal  lutins;  may  be  laid  on  the  corer 
before  fiuitening  it  down  with  the  screws.  Although  the  cork  and  luting  will  be 
destroyed  during  the  operation,  they  serve  quite  well  for  one  eoroeriment.  Another 
iron  tube  may  very  conveniently  be  made  to  slip  oyer  the  tube  ad,  so  as  to  conduct 
the  condensed  mercury-vapour  to  a  conyenient  receptacle.  The  neck  of  the  balloon 
must  be  kept  very  hot  during  the  operation,  by  the  aid  of  pieces  of  red-hot  charcoaL 
When  no  more  vapour  escapes  from  the  orifice  of  the  balloon,  it  is  to  be  sealed  in  the 
Mme  manner  as  in  vapour-density  determinations  by  Dumas's  method.  It  is  scarcely 
neeessaiy  to  add  that  the  value  of  k,  in  the  formula  on  p.  372,  is  too  considerable  to 
be  neglected  in  determinations  conducted  at  this  elevated  temperature. 

It  will  save  some  trouble  to  remember  that  at  850°  l^e  value  of  the  ezpressi<m 

_^L^^is  0000666. 
1-1- 0-00367  T 

f,  Th$  mbatance  boils  ahoife  350°,  but  bdow  440°. — Glass  globes  may  be  employed 
for  a  temperature  of  440°  without  any  fear  of  softening.  600  or  600  grammes  cf 
sulphur  are  to  be  used  in  the  apparatus  described  on  pp.  373  and  374,  and  200  or  300 
grammes  are  to  be  distilled  over  in  each  operation.  The  apparatus  ia  not  injured 
by  the  sulphur,  and  lasts,  therefore,  for  an  indefinite  time. 

ff.  The  substance  boils  above  440°,  but  below  860^. — ^When  the  vapour-density  is  to  be 
determined  at  860^,  it  will  be  necessary  to  employ  cadmium-yaponr  for  the  purpo;^  of 
heating  the  balloon.  The  apparatus  shown  in>^.  766  must  be  employeo,  and  the 
tube  7*  must  be  kept  very  hot  by  means  of  a  combustion-furnace  filled  with  charcoal. 
Two  or  three  kilogrammes  of  ca&ium  may  be  used,  but  oiJy  300  or  400  grammes  need 
be  distilled  oyer  in  each  operation.  It  is  necessary  to  employ  porcelain  balloons  at  the 
temperature  of  860° ;  they  are  loosely  closed  during  the  operation  by  the  small  porcelain 
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wtpour-denMiy  of  a  tubttance.  This  may  at  once  be  obtained  by  mnltiplying  the  atomic 
weight  of  the  Bubstance  by  half  the  density  of  hydrogen,  0*034635.  If  the  resulta  of 
ezpenment  differ  from  the  number  so  obtained  by  a  yery  laige  amount,  it  will  pro- 
bably arise  from  the  yapoarniensity  being  anomalous.     (See  Atomic  Weiobts.) 

List  of  somb  Memoirs  on  Vapoub-densities  and  Kdtdbed  StJBJBCTs. 

Kegnault:  Note  on  some  Apparatus  for  determining  the  Densities  of  Gases  and 
Vapours^  Ann.  Ch.  Phys.  [3],  btiii.  46. — Apparatus  for  the  Jktermination  of  the 
Vapour-densitirs  of  Substances  which  boil  at  hign  Temperatures^  ibid.  53. — Note  on  a  GaS' 
Thermometer  employed  as  a  Pi/rometer  for  measuring  high  Temperatures,  ibid.  39. 

Hofniann  :  Remarks  on  amrmalous  Vapour-densities ,  Proc.  Roy.  Soc.  x.  596. 

PI  ay  fair  and  Wanklyn:  On  a  mode  of  taking  the  Density  of  Vapours  of  Volatile 
Liquids  at  Temptratures  below  Boiling-point,  Trans.  Hoy.  Soc.  £din.  xxii.  Part  iii.  441. 

Natanson:  Ann.  Ch.  Pharm.  zcyiii.  301. 

Wurtz:  An  Introduction  to  Chemical  Philosophg  according  to  the  Modem  Theories, 
Chem.  News,  April  7,  1805. 

Devi  He  and  T  roost:  On  Vapour-densities  at  very  high  Temperatures,  Ann.  Ch. 
Phvs.  [3]  Iviii.  257. 

Wurtz :  Determination  of  the  Specific  Gravities  of  Methylamine  and  EUhylamine  at 
varying  Temperatures  and  Pressures,  M^moire  sur^les  ammoniaqnes  compoe^es,  tome 
zi.  des  M^moires  pr^ent^s  par  diyers  sayants  k  I'Acad^mie  dee  Sciences,  1851. 

W  i  1 1  i  a  m  B,  C.  G. :  Modes  ofdetermining  Specific  Gravities  of  Vapours,  ^<;.-— Chemical 
Manipulation,  p.  94. 

Brown,  Jas.  T. :  Tables  for  the  Calculation  of  Vapour-density  Determinations, 
Chem.  Soc.  J.  [2],  iy.  72. 

Williams,  U,  G. :  Determination  of  Residual  Air,  Phil.  Trans.  1857,  p.  460. 

C.  G.  W. 


L  The  examination  of  the  properties  of  the  light  emitted 
by  substances  in  the  state  of  glowing  gas  has  been  termed  Spectral  Analysis.  By  this 
method  we  not  only  succeed  in  obtaining  a  much  more  accurate  knowledge  than 
we  have  hitherto  possessed  concerning  the  chemical  composition  of  terrestrial  matter, 
but  we  acquire  information  respecting  the  chemical  nature  of  the  sun,  fixed  stars,  and 
distant  nebulae,  opening  out  the  new  sciences  of  solar  and  stellar  chemistry. 

If,  by  means  of  a  prism  and  suitable  optical  arrangements,  we  examine  the  light 
emitted  by  incandescent  solid  or  liquid  bodies,  we  find,  first,  that  all  such  bodies  become 
luminous  at  the  same  temperature ;  and,  secondly,  that  when  they  first  become  luminour 
red  rays  alone  are  emitted,  and  that  as  the  temperature  rises,  rays  of  eyery  higher 
degree  of  refrangibility,  up  to  a  certain  limit,  are  likewise  giyen  oS^  xmtH,  when  the 
hiffhest  temperature  is  reached,  all  the  luminous  rays  are  emitted,  and  the  body  ia 
taid  to  be  white-hot.  Hence  the  spectrum  of  every  incandescent  solid  or  liquid  is 
continuous,  and  cannot  be  used  as  a  means  of  detecting  the  chemical  nature  of  the 
substance.  The  light  emitted  by  incandescent  gases  differs  essentially  from  that  radiated 
firom  solids  or  liquids,  inasmuch  as  the  spectrum  of  a  glowing  gas  is  not  conlinuousj 
but  consists  of  distinct  bands  or  lines  of  light ;  in  other  words,  is  made  up  of  different 
rays  of  definite  degrees  of  refrangibility.  Another  difference  to  be  noted  is  that^ 
except  in  certain  cases  to  be  spoken  of  hereafter,  the  quality  of  the  light  of  a  glowing 
gas  does  not  alter  with  increase  of  temperature :  thus,  as  soon  as  sodium-yapour 
becomes  luminous,  it  emits  yellow  lights  nor  can  this  colour  be  changed  by  increasing 
the  temperature  ;  sodium-yapour  cannot  be  made  white-hot. 

Each  elementary  substance  in  the  state  of  gas  produces  a  spectrum  consisting  of 
bright  lines  or  bands,  which  are  unalterable  in  position,  and  are  produced  by  that 
particular  element  alone;  hence  this  property  may  be  made  use  of  for  detecting 
the  presence  of  the  substance  in  question,  and  it  matters  not  how  far  distant  the 
source  of  light  may  be  from  the  obseryer,  provided  the  lines  can  be  distinctly  seen. 
Many  chemical  compounds  are  not  decomposed  below  the  temperature  at  which  tJieir 
yapours  become  luminous,  and  these  compounds  yield  spectra  differing  from  those 
of  their  constituent  elements;  in  wroe  cases  a  further  elevation  of  temperature 
produces  a  sudden  dissociation  of  the  combined  elements,  and  then  the  true  ele- 
mental spectra  become  for  the  first  time  apparent — no  further  change  in  the  poftition 
of  the  lines  occurring  with  subsequent  increase  of  temperature.  In  many  instances, 
however,  even  in  the  case  of  the  elemental  lines,  increase  of  temperature  renders 
new  lines  visible,  which  could  not  be  seen  before,  possibly  owing  to  tbeir  not  possess- 
ingsufficient  intensity. 

The  methods  of  obtaining  the  spectra  of  the  elements,  or  their  compounds,  differ  accord* 
ing  to  their  volatility.    The  instrument  or  spectroscope  employed  varies  according  to 
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presence  of  minute  qnantitioB  of  sodium.*'  The  following  literature,  in  addition  to  the 
memoirs  already  cited  on  this  part  of  the  subject,  may  be  consulted: — (1)  Lectures 
on  Spectrum  AnalyaU.hyVf.  A.  Miller,  Pharm.  Joum.  Feb.  1862;  (2)  Ditto  by 
H.  E.  Roscoe,  Chem.  News,  iii.  163,  170;  ibid.  v.  218,  261,  287.— Grandeau, 
Instruction  pratique  sur  C Analyse  Spectrale,  Paris,  1863. — Dibbits,  H.  C,  De 
Spfetraal  Analyse^  Botterdam,  1863  (containing  an  able  historical  summary  of  the 
discoveries  in  the  subject). — Mo  us  son,  RisunU  de  nos  Connaissances  sur  le  Spectre^ 
Arch.  Sc.  Natur.  de  Geneve.  Mars.  1861. 

Examination  of  the  Spectra  of  Bodies  volatilised  in  the  Electric  Spark. 

This  method  is  applicable  not  only  to  all  those  bodies  which  are  non-Tolatile  at  the 
temperature  of  the  colourless  gas-flame,  but  also  to  those  which  are  gaseous  at  the 
ordinary  temperature  (such  as  hydrogen),  and  require  to  be  heated  by  the  electxie 
spark  in  order  to  be  made  incandescent. 

As  the  number  of  lines  which  become  visible  in  the  spectrum  of  the  spark  is  very 
much  larger  than  is  seen  in  the  flame-spectrum,  a  much  more  perfect  and  powerful 
spectroeoope  is  needed  for  these  observations.     Fig.  771  represents  the  arrangement 

Fig.  771. 


employed  by  Kirchhoff  in  his  Researches  on  the  Solar  Spectrum  and  Spectra  of  the 
Chemical  EleTnents  (Macmillan,  London,  1862  and  1863),  and  made  by  Steinheil  of 
Munich.  It  consists  of  a  collimator,  A,  screwed  on  to  a  planed  drealitr  iron  table, 
and  carrying  the  slit,  formed  of  two  knifo-edges,  the  breadth  of  which  can  be  regu- 
lated by  a  micrometer-screw.  The  slit  itself  can  be  brought  into  the  focus  of  the 
achromatic  object-class  by  a  rack-and-pinion  motion.  The  telescope  B,  containing  a 
similar  objective,  is  fastened  to  a  brass  arm  movable  about  the  centre  of  the  plate, 
either  by  the  hand  or  with  a  micrometer-screw.  Between  the  two  objectives  four 
flint-glass  prisms  are  placed ;  the  circular  refracting  surface  on  each  is  18  Paris  lines 
in  diameter;  three  of  them  have  a  refracting  angle  of  45^,  and  the  fourth  of  60^. 
Each  of  the  prisms  is  cemented  on  to  a  small  brass  stand  with  three  set-screws. 
The  telescope  B,  having  a  magnifying  power  of  40,  has  a  horizontal  motion  with  respect 
to  the  brass  arm ;  it  can  be  moved  about  a  horizontal  axis,  and  can  be  drawn  in  and 
out  in  the  direction  of  this  axis,  as  seen  in  the  figure.  In  setting  up  this  train  of  prisms, 
the  greatest  care  must  be  taken,  in  the  first  place,  that  the  axis  of  the  two  tubes  are 
in  the  same  horizontal  plane,  and  parallel  to  that  of  the  iron  table ;  secondly,  that 
the  refracting  surfaces  of  the  prisms  are  all  perpendicular  to  this  plane ;  and  thirdly, 
that  the  prisms  are  all  placed  at  the  angle  of  minimum  deviation  for  the  rays  about 
to  be  observed  (Kirchhoff).  A  large  spectroscope,  containinjg  a  powerful  train  of 
prisms,  has  been  described  by  Gassiot  (Proc.Roy.  Soc.  1863,  xii.  536),  and  known  as 
the  Kew  spectroscope;  and  a  second,  containing  eleven  hollow  prisms,  filled  with 
carbonic  disulphide,  is  also  described  by  Gassiot  (PhiL  Mag.  [4]  xxviiL  69).  Wol- 
cott  Gibbs  (Sill.  Am.  Joum.  [2]  xxxv.  110)  has  also  described  a  lai]^e  spectroscope. 
Fig.  772  exhibits  the  "Grassiot"  spectroscope  with  four  flint-glass  pnsms,  as  manu- 
factured by  Mr.  Browning  of  the  Mmories.  The  arrangement  employed  byHuggins 
(Phil.  Trans.  1864,  p.  139),  in  his  researches  on  the  spectra  of  some  of  the  chemical 
elements,  was  similar  to  that  used  b^  Kirchhoff;  he  employed  six  dispersing  and 
one  reflecting  prism;  the  total  deviation  of  the  light  in  passing  through  the  train  of 
prisms  was  for  the  D  ray  198^,  and  the  distance  traversed  by  the  Temier  of  tho 
telescope  in  passing  from  one  of  the  D  lixMS  to  the  other  was  75  • 
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twofold  spectram  is  always  seen  when  we  examine  the  electric  spark,  one  set  of  line* 
being  derived  from  the  ignition  of  the  particles  of  air  or  gas  through  which  the  sparks 
pass,  whilst  the  second  set  is  caused  by  the  incandescence  of  the  metallic  partiden 
Uiemselves. 

In  order  to  obtain  the  spark  easily  and  of  the  requisite  degree  of  intensity,  a  power- 
ful BuhmkorfTs  induction-coil  is  used  (Van  der  Willigen,  Pogg.  Ann.  cri.  615  ;  see 
also  p.  458  vol.  ii.  of  this  Dictionaiy) ;  the  one  employed  by  Kirchhoff  gave,  by  means 
of  a  moderately  powerful  battery,  a  spark  0*3  metre  in  length,  whilst  the  coil  used  by 
Huggins  gave  a  spark  3  inches  long.  In  order  to  intensify  the  spark,  the  ends  of 
the  secondary  coil  are  placed  in  contact  with  the  coatings  of  a  large  Leyden- 
jar.  The  electrodes,  also  of  course  connected  with  th6  poles  of  the .  secondary  coil, 
consist  of  the  metals  under  examination,  either  in  the  form  of  wire,  or  of  irregular 
pieces  held  by  forceps  on  a  moyeable  stand.  Many  precautions  must  be  taken  in 
working,  especially  with  two  different  sets  of  electrooes,  as  it  has  been  found  that  the 
currents  of  air,  caused  by  the  rapid  passage  of  the  electric  spark  between  the  electrodes, 
are  sufficient  to  carry  over  to  a  second  set  of  electrodes,  placed  at  the  distance 
of  a  few  inches,  a  veiy  perceptible  quantity  of  the  materials  undergoing  volatilisa- 
tion. Hence  no  separate  observation  of  the  two  spectra  (at  any  rate  where  volatile 
metallic  compounds  are  introduced  as  beads  into  the  spark)  can  be  relied  on,  unlets 
one  is  made  a  considerable  space  of  time  after  the  other,  and  unless  all  the  electrodes 
which  have  been  once  used  are  exchanged  for  new  ones  (Roscoe  and  Clifton).  For 
further  details  of  the  arrangements,  the  memoirs  of  Kirchhoff  and  Huggins  must  bo 
consulted. 

The  positions  of  the  metallic  lines  have  been  mapped  by  Kirchhoff  with  reference  to 
the  dark  solar  lines,  whilst  Huggins  has  employed  the  bright  air-lines  as  a  const^mt 
scale  upon  which  to  note  the  position  of  the  metal  lines ;  but  both  experimenters  use  an 
arbitrary  scale  of  divisions,  by  which  the  lines  can  be  designatea.  The  following 
elements  were  examined  by  Kirchhoff: 

1.  Sodium.  9.  Strontium.  17.  Antimony.  25.  Aluminium. 

2.  Calcium.  10.  Cadmium.  18.  Arsenic  26.  Lead. 

3.  Barium.  11.  Nickel  19.  Cerium.  27.  Silver. 

4.  Magnesium.  12.  Cobalt.  20.  Lanthanum.  28.  Gold. 

5.  Iron.  13.  Potassium.  21.  Didymium.  29.  Ruthenium. 

6.  Copper.  14.  Rubidium.  22.  Mercury.  30.  Iridium. 

7.  Zinc.  15.  Lithinm.  23.  Silicium.  81.  Platinum. 

8.  Chromium.  16.  Tin.  2^.  Glucinum.  32.  Palladium. 

The  spectrum  of  each  of  these  metals  contains  a  large  number  of  lines,  and  these 
spectra  are  much  more  complicated  than  the  flame-spectra :  thus,  in  the  green  portion 
alone,  there  exist  no  fewer  than  70  bright  iron  lines.  Ghreat  care  is  needed,  therefore, 
in  the  discrimination  of  metals,  although  it  is  easy  for  a  trained  eye  to  distinguish 
even  such  closely  analogous  metals  as  lanthanum  and  didymium,  or  erbium  and 
cerium.  In  Kirchhoff*s  maps  many  of  the  metallic  lines  figure  as  bioad  bands ;  this 
is  especially  the  case  with  the  mercuiy-  and  zinc-spectra. 

In  Kirchhoff  s  maps  the  degree  of  blackne-ss  of  the  solar  lines,  and  the  relative  in- 
tensities of  the  metallic  lines,  are  denoted  by  different  shades  of  the  Mme  colour,  whilst 
their  breadth  is  likewise  represented  in  the  drawing.  The  maps  of  the  two  experi- 
menters do  not  agree  exactly  with  each  other,  because  Kirchhoff  altered  the  position 
of  his  prisms  several  times  during  the  measurements,  in  order  to  bring  the  different 
lays  as  nearly  as  possible  to  the  point  of  minimum  deviation,  whilst  Huggins  allowed 
the  position  of  his  prisms  to  remain  unaltered.  The  following  metals  have  been  mapped 
by  Huggins: 

Na,  K,  Ca,  Ba,  Sr,  Mn,  Tl,  Ag,  Te,  Sn,  Fe,  Cd,  Sb,  Au,  Bi,  Hg,  Co,  As,  Pb,  Zn,  Cr, 
Os,  Pd,  Pt. 

In  both  sets  of  tables,  several  of  the  bright  lines  of  different  metals  seem  to 
coincide:  when,  however,  these  cases  of  apparent  coincidence  are  narrowly 
observed  in  the  instrument,  most  of  the  lines  are  found  to  show  real  differences  of 
refirangibility ;  but  the  following  still  remain  as  unresolved  coincidences  (on  Huggins^s 
maps): 

Zn,  As    909        Na,   Ba  1005        Os,  As  1737. 
Na,  Pb  1000        Te,    N    1866        Cr,  N  2336. 

Future  research  must  prove  whether  these  apparent  coincidences  are  resolved  on 
application  of  a  still  higher  power. 

For  a  description  of  the  individual  sped^ra  of  these  metals,  the  above-mentioned 
memoirs  and  maps  must  be  referred  to,  as  it  is  impossible,  by  a  brief  description,  to 
give  any  idea  of  the  characteristic  features  of  the  masses  of  bright  lines  constituting 
these  spectra. 
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eUctrodec,  crmng  to  tha  dHEerenee  in  rtAMti^tj  of  the  metals,  the  air  ia  and  abovt  tiie 
electrodes  being  more  or  leai  replaoed  bj  the  metal  lie  Tapooim.  The  air-speetmm  ia 
made  op  of  the  ^>eetia  of  the  loUoviog  eomponenta — nitrogen,  oxjgen,  and  hTdrogcs 
(from  aqoeons  rmpoar). 

The  air-linee  hare  been  caxelnlljr  mapped  by  Hnggins,  and  are  emploved 
hr  him  as  a  scale  of  nfferenoe  for  the  recognition  of  the  lines  of  the  metals ; 
Kircbhoff  has  noted  on  his  maps  onlj  a  fev  of  the  most  important  air^Knes.  G  ran  - 
dean  (Chem.  News,  ul  66)  has  obserred  the  spsctrom  of  a  flash  of  lightning,  and,  in 
addition  to  the  hrdrogen-  and  nitrogen-lines,  he  noticed  the  bright- jellov  sodram-line. 

Hydroaen, — ^Tbe  speetrmn  of  hjdrogen  consists  of  three  bright  fine  lines — H  a  (coin* 
eident  with  Fraonhofer^s  C>  in  the  rd,  H  3  (coincident  with  Frannhofer^s  F)  in  the 
bloish-green,  and  H  7  in  the  riolet.  These  lines  are  exhibited  both  at  the  (xdinaij 
and  at  a  reduced  pressure.  If  the  rarefaction  of  the  gas  be  greatlj  increased,  the  red 
line  H  a  gradoallT  disappears,  iHiilst  H  ^,  thoo^  fiunter,  remains  well  defined.  When 
the  intensity  of  the  ^laik  is  increased,  the  bands  H  /I  and  H  7  begin  to  enlarge 
(Plneker);  and  when  the  tension  of  the  hydrogen  is  increased  to  360  mm.,  and  a 
Leyden-jar  is  introduced  to  raise  the  temperature,  the  brig^  lines  are  seen  to  have 
giren  place  to  a  continuous  q)ectrum.  This  change  is  nerer  obserred  when  the  spark 
passes  through  the  gas  under  ordinary  pressure.  (May  this  phenomenon  not  be  due  to 
the  incandescence  of  the  abraded  solid  particles  of  the  ^ass  of  the  fine  thermometer- 
tubing,  or  of  the  platinum-electrodes  ?) 

The  hydrogen-lines  may  likewise  be  obtained  by  passing  the  spark  through  a 
racuous  tube  containing  a  trace  of  aqueous  rapour,  the  water  being  decomposed. 

Nitrogen. — ^The  spectrum  of  nitrogen,  taken  by  a  spark  through  air  at  the  ordinary 
pressure,  is  a  reiy  complicated  one,  and  especially  characterised  by  an  alternation  oif 
bright  lines  and  dark  spaces  in  the  red,  and  a  succession  of  bands  in  the  riolet.  With 
pure  nitrogen  a  few  of  the  lines  of  the  air-spectrum  are  wanting,  but  no  new  lines  appear, 
and  the  air-lines  which  remain  in  nitrogen  preserre  unaltered  their  rdatiTe  bright- 
ness snd  their  distinctiye  characters.    (H  u gg i  n  a.) 

Plneker  and  Hittorf  hare  made  some  remarkable  obserrations  on  certain  changes 
which  the  nitrogen -spectrum,  obtained  when  the  gas  is  highly  rarefied,  undergoes  on 
intensifying  the  current.  Thus,  like  other  gases,  nitrogen  in  the  state  of  greatest 
rarefaction  does  not  allow  the  induction-current  to  pass ;  but  when  its  tension  is  only 
a  fraction  of  a  millimetre,  the  current  begins  to  pass,  and  the  gas  beoomea  luminous. 
Below  a  certain  limit  of  temperature,  nitrogen  thus  ignited  emits  a  golden-coloured 
light,  giving  a  spectrum  of  bands ;  above  this  temperature  the  colour  beoomes  bluish- 
Tiolet,  and  a  new  spectrum  of  bands  appears.  If  a  Leyden-jar  be  added  in  the  circuit, 
the  temperature  rises  to  a  second  limit,  a  brilliant  white  light  is  emitted,  and  the 
spectrum  is  again  changed  to  one  of  bright  lines  on  a  daric  ground ;  and  these  lines  do 
not  alter  in  position  on  further  increase  of  temperature,  though  the  brilliancy  of  all 
does  not  increase  in  the  same  ratio.  Those  spectra  which  consist  of  larger  bands, 
showing  various  appearances  from  being  differently  shaded  by  fine  dark  lines,  are 
called  by  Pliieker  "  spectra  of  the  first  order,"  whereas  those  formed  by  bright  lines 
on  a  dark  backgrouno,  or  the  true  spectra,  he  terms  **  spectra  of  the  second  order.*' 
The  nitrogen-spectrum  of  the  second  order  is  doubtless  that  of  the  air-spectrum. 
Pliieker  explains  these  differences  by  the  assumption  of  several  allotiopic  modifications 
of  the  element  existing  at  the  various  temperatures. 

Oxygen. — It  is  difficult  to  obtain  all  the  lines  of  the  oxygen-spectrum;  some  of  them, 
however,  have  been  tabulated  by  Huggins.  Pliieker,  operating  as  with  nitrogen,  got 
only  one  "  secondary  "  spectrum  of  oxygen,  although  the  lines  appeared  to  expand  so 
as  to  form  a  continuous  spectrum  at  the  highest  temperature.  Huggins  finds  that 
several  lines  are  apparently  common  to  oxygen  and  nitrogen,  but  he  regards  them  as 
due  to  the  superposition  in  the  air-spectrum  of  lines  of  oxygen  and  nitrogen* 

Sulphur. — The  flame  of  sulphur  burnt  in  common  air  gives  a  continuous  spectrum ; 
if  a  small  quantity  of  sulphur  be  introduced  into  a  Geissler^s  tube,  which  is  then 
evacuated  hv  a  Geisslei's  exhauster  and  sealed,  the  sulphur-spectrum  is  seen  on  passing 
the  spark  if  the  tube  be  warmed.  A  band-spectrum  of  the  first  order  is  seen  at  a 
low  temperature,  but  this  changes  on  continuing  to  heat  the  tube,  and  a  spectrum  of 
bright-coloured  lines  becomes  visible.  These  two  spectra  are  figured  by  Pliieker 
and  Hittorf  {loc.  cit.). 

Selenium  yields  two  spectra  like  sulphur. 

Phoitphorus,  treated  like  sulphur,  yields  a  spectrum  of  the  second  order.  The  bright 
lines  characteristic  of  phosphorus  are  a  triple  line  in  the  orange,  and  two  brif^t  lines 
in  the  green.  These  green  bands  may  also  be  seen  by  observing  the  spectrum  of  the 
green  spot  which  makes  its  appearance  in  the  interior  of  a  hydrogen-flame,  when 
the  slightest  trace  of  a  phosphorus-compound  is  placed  in  contact  with  the  dissolving 
sine.     (Christofle  and  Boilstoin,  Compt.  rend.  Ivi.  399.) 
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were  present  which  do  not  exist  in  sunlight,  direct  or  reflected.  *  Amongst  the  lines 
of  Procyon,  Fraunhofer  recognised  the  solar  line  D,  and  in  those  of  Capella  and  Betal- 
geuz  he  found  both  D  and  6,  but  all  the  stellar  spectra  differed  in  certain  respects  from 
that  of  sunlight.  Hence  Fraunhofer  concluded  that  the  lines  which  we  notice  in  the 
solar  spectrum  are,  in  some  way  or  other,  produced  in  the  sun.  Fraunhofer  made 
another  important  observation — tiz.,  that  of  the  exact  coiucidence  of  the  bright 
sodium- lino,  Na  a,  with  the  dark  double  solar  line  D.  These  early  observations  of 
Fraunhofer  have  lately  been  confirmed  by  Miller  and  Huggins  (PhiL  Trans.  1864, 
u.  418).  It  was,  however,  reserved  for  Kirchhoff  (Monatsber.  d.  Berlin.  Acad. 
Oct  20,  1859)  definitively  to  explain  this  coincidence,  ana  thereby  to  obtain  a  key  to 
the  determination  of  the  chemical  composition  of  the  sun  and  stars. 

The  Beversal  of  ike  Spectra  of  Coloured  Hamee, 

In  the  year  1849  Foucault  (Institut  1849,  p.  45)  observing  the  spectrun  of  the 
electric  arc,  and  comparing  it  with  the  solar  spectrum,  found  that  in  both  spectra  tho 
dark  double  line  D  was  seen,  the  bright  (sodium)  lines  present  being  changed  into 
dark  bands  in  the  spectrum  produced  by  the  light  from  one  of  the  carbon-poles  which 
had  been  allowed  to  pass  through  the  luminous  arc.  This  experiment  was  in  no  waj 
explained,  nor  did  it  attract  much  attention  at  the  time,  and  it  was  unknown  to 
Kirchhoff  and  Bjnsen  when  they  began  their  researches  in  1859. 

The  mode  in  which  Kirchhoff  first  obtained  the  true  explanation  of  this  important 


tolerably  brieht  solar  sptetmm,  and  brought  a  flame  coloured  by  sodinm-vaponr  in 
front  of  the  slit.  I  then  saw  the  dark  lines  D  change  into  bright  ones.  The  flame  of 
a  Bunsen's  lamp  threw  the  bright  sodium-lines  upon  the  solar  spectmm  with  un- 
expected brilliancy.  In  order  to  flnd  out  the  extent  to  which  the  intensity  of  the  solar 
spectrum  could  be  increased,  without  impairing  the  distinctness  of  the  sodium-lines,  I 
allowed  the  full  sunlight  to  shine  through  the  sodium-flame  upon  the  slit,  and,  to  mj 
astonisliment,  I  saw  that  the  dark  lines  D  appeared  with  an  extraordinaiy  decree  of 
clearness.  I  then  exchanged  the  sunlight  for  tne  Dnunmond's  light,  giving  acontinnona 
spectrum.  When  this  light  was  allowed  to  fall  through  a  suitable  flame  ooloored  by 
common  salt,  dark  lines  were  seen  in  the  spectrum  in  the  position  of  the  sodium-lines. 
The  same  phenomenon  was  observed  if,  instead  of  the  incandescent  lima,  a  platinum- 
wire  was  used,  which,  being  heated  in  a  flame,  was  brought  to  a  temperatuve  near  to  its 
melting-point  by  passing  an  electric  ciurent  thron^h  it. 

*'  The  phenomenon  in  question  is  easQy  explamed  upon  the  supposition  that  tho 
sodium-flame  absorbs  rays  of  the  same  degree  of  refrangibility  as  those  it  emits,  whilst 
it  is  perfectly  transparent  for  all  other  ravs.  This  supposition  is  rendored  probable 
by  the  fact,  which  has  long  been  known,  that  certain  gases,  as  nitrons  aeid  and  iodine- 
vapour,  possess  at  low  temperatures  the  property  of  such  a  seleetiTa  absorption. 
The  following  considerations  show  that  this  is  the  true  explanation  <tf  the  phenomenon. 
If  a  sodium-flame  be  held  before  an  incandescent  platinum-wire  whose  speetrum  is 
being  examined,  the  brightness  of  the  light  in  the  neighbourhood  of  the  socUum-lines 
would,  according  to  the  above  supposition,  not  be  altered  ;  in  the  position  of  the  sodium- 
lines  themselves,  however,  the  brightness  is  altered,  for  two  reasons :  in  the  first  place, 
the  intensity  of  the  light  emitted  by  the  platinum-wire  is  reduced  to  a  certain  fraction 
of  its  original  amount  by  absorption  in  the  flame,  and  secondly,  the  light  of  the  flame 
itself  is  added  to  that  from  the  wire.  It  is  plain  that  if  the  platinum-wire  emits  a 
sufl&cient  amount  of  light,  the  loss  of  light  occasioned  by  absorption  in  the  flame 
must  be  greater  than  the  gain  of  light  from  the  luminosity  of  the  flame :  the  sodium- 
lines  must  then  appear  darker  than  the  surrounding  parts,  and,  by  contrast  with  the 
neighbouring  parts,'  they  may  seem  to  be  quite  black,  although  their  degree  of 
luminosity  is  necessarily  greater  than  that  which  the  sodium-flame  alone  would  have 
produced.  The  absorptive  power  of  sodium-vapour  becomes  most  apparent  when  ita 
luminosity  is  smallest^  or  when  its  temperature  is  lowest." 

If  the  spectrum  emitted  by  a  piece  of  sodium  burning  in  the  air  be  examined,  the 
true  sodium-spectrum  will  be  seen  to  be  reversed,  exhibiting  two  dark  lines  (D)  on  a 
background  of  a  continuous  spectrum.  Here  the  solid  particles  of  soda  give  the 
continuous  spectrum,  and  the  sodium- vapour  absorbs  a  great  portion  of  the  yeUow 
rays.  This  can  be  well  shown  to  an  audience,  and  the  black  absorption-band  pro- 
jected on  a  screen,  by  placing  a  small  piece  of  sodium  on  the  lower  carbon  in  the 
electric  lamp ;  by  approaching  and  separating  the  poles,  this  black  line  can  be  made 
alternately  to  appear  and  disappear  for  the  space  of  several  minutes.  Another  mode 
of  showing  that  sodium-vapour  is  opaque  to  the  light  which  it  emits,  ia  to  bam  a 
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bri^t  lines,  oonduded  that  sodium-yapoiir  is  present  in  tlie  solar  stmosphen.  In 
order  to  determine  with  certainty  whetner  the  bright  lines  of  anj  other  metal  were 
coincident  with  solar  lines,  Kirchhoff  mapped  the  solar  lines  with  great  care,  and 
compared  their  position  with  the  bright  metal  lines.  Fig,  778  gives  a  representetion 
of  his  drawings  of  a  very  small  portion  of  the  spectrum  between  b  and  F,  showing  the 
coincidences  of  many  metallic  lines.  In  thns  examining  the  two  spectra,  Kii^boff 
fonnd  that  dark  lines  occnr  in  the  solar  spectram  in  the  positions  of  all  (about  80) 
the  bright  iron  lines,  and  he  believes  that  each  of  the  coincidences  thns  obserred  may 
be  at  least  as  well  established  as  that  of  the  sodium-lines  with  the  D  line  was  up  to  the 
present  time.  Kirchhoff  proceeds  to  calculate,  from  the  average  distance  between  each 
of  the  lines,  and  their  number,  the  probability  that  this  coincidence  is  a  mere  work  of 

chance:  this  he  finds  to  be  less  than  (J)**,  or  less  than  . 

'  ^*'  1,000,000,000,000,000,000 

This  probability  is  increased  by  the  fact  that  the  brighter  a  given  iron  line  is  se^n 
to  be,  tne  darker,  as  a  rule,  does  the  corresponding  solar  line  appear.  Hence  this 
coincidence  must  be  produced  by  some  cause,  and  a  cause  can  be  assigned  which  affords 
a  perfect  explanation  of  the  phenomena.  It  is  explained,  if  we  suppose  that  the  rays 
of  light  which  we  thus  examine  have  at  one  time  been  rays  of  all  degrees  of  refirangi- 
bility,  such  as  we  get  from  the  Drummond's  light;  that  this  light  has  passed  through 
the  vapour  of  iron ;  and  that  this  iron-vapour,  absorbing  exactly  the  same  kind  (^  li^t 
which  it  is  capable  of  emitting,  produces  the  dark  lines  which  we  observe.  The 
vapour  of  iron  causing  these  dark  lines,  may  be  present  either  in  our  own  atmorohere, 
or  in  that  of  the  sun.  It  is,  however,  veiy  unlikely  that  there  can  be  somdent 
iron-vapour  in  our  atmosphere  to  effect  this  alteration,  and  we  observe  that  the  star- 
light also  passing  through  our  atmosphere  differs  essentially  from  sunlight;  whilst,  on 
the  other  hand,  it  does  not  seem  unlikely,  owine  to  the  high  temperature  which 
we  must  suppose  the  sun's  stmosphere  to  possess,  Uiat  such  vapours  should  be  present 
in  it  **  Hence,"  says  Kirchhoff,  ''  the  observations  of  the  solar  spectrum  appear  to 
me  to  prove  the  presence  of  iron-vapour  in  the  solar  atmosphere,  with  as  great  a 
degree  of  certainty  as  we  can  attain  in  any  question  of  natural  science." 

As  soon  as  the  existence  in  the  solar  atmosphere  of  one  terrestrial  element  has  been 
discovered,  the  comparison  of  the  spectra  of  other  metals  is  immediately^  suggested,  as 
it  is  reasonable  to  suppose  that  other  bodies  well  known  on  this  earth  may  in  um  manner 
be  found  to  be  present  in  the  sun.  In  this  way,  coincidences  were  fbnnd  to  exist 
between  the  solar  lines  and  those  of  the  following  metals ;  and  although  the  number 
of  these  coincidences  for  each  of  these  metals  is  smaller  than  was  observed  with  iron, 
yet  they  are  so  characteristic  and  distinct,  as  to  leave  no  doubt  of  the  presence  of 
these  metals  in  the  solar  atmosphere  :— 

1.  Sodium.  6.  Chromium.  10.  Strontium. 

2.  Calcium.  7.  Nickel.  11.  Cadmium. 

3.  Barium.  8.  Copper.  12.  Cobalt. 

4.  Magnesium.  9.  Zinc,  13.  HydrogSB. 
6.  Iron. 

There  is  some  degree  of  doubt  about  strontium,  cadmium,  and  cobalt,  either  because 
only  a  few  coincidences  have  been  observed,  or  because  one  or  more  prominent  metal 
lines  have  no  dark  representative  in  the  solar  spectrum.  The  following  elements 
appear  to  be  absent  from  the  solar  atmosphere : — 

1.  Gold.  8.  Lead.  15.  Lanthanum. 

2.  Silver.  0.  Antimony.  16.  Didymium. 

3.  Mercury.  10.  Aiw^nic.  17.  Ruthenium. 

4.  Aluminium.*  11.  Lithium.  18.  Iridium. 

6.  Rubidium.  12.  Silicium.  19.  Palladium. 

6.  Tin.  13.  Gludnum.  20.  Platinum. 

7.  Potassium.  14.  Cerium. 

Hydrogen  has  been  shown  by  Angstrom  and  Pliicker  to  be  present  in  the  sun's 
atmosphere.  The  cause  of  many  of  the  best-known  of  the  Fraunhofer^s  lines  has  thus 
been  already  ascertained : 

The  line  C  is  caused  by  hydrogen  (A nestrom). 

D      „        „      sodium  (Kirchhoff). 

E      „        „      iron  „ 

C      „        „      magnesium      „ 

F  and  Qt    „      hvorogen         „ 

H     „        „      aluminium  (Angstrom). 

*  According  to  Angstrom,  a  line  of  aluminium  corresponds  to  Fraunhofer's  H.   Kircbhoff  *c  mape  do 
Qot  extend lolkr  M  tbU. 
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complicated  compohitioiiy  as  it  tlien  contaiDed  all  those  Bubstances  whieb  are  rolatile 
at  a  white  heat.     The  solar  atmosphere  at  present  possesses  sach  a  constitation." 

[On  the  physical  constitution  of  the  sun,  tee  "  The  Hearens,**  br  Quillemin  and 
Lockyer  (Bentley,  1866),  p.  17»  &c. ;  Brayley,  in  Companion  to  the  Almanac  for  1864 
and  1865 ;  Memoirs  by  Canington  and  by  De  la  Kue,  Stewart,  and  Loewy.] 

Stellar  Chemistry, 

It  has  already  been  stated,  that  Fraunhoferwas  aware  that  the  star-spectra  differed 
from  the  spectra  of  the  sun,  moon,  or  planets.  In  1862  Don  ati  published  diagrama 
of  three  or  four  lines  in  fifteen  stars  {Intomo  (die  atrie  degli  spettri  siellari,  U  Nuoto 
Cimento,  xy.  292),  but  the  position  of  these  lines  did  not  correspond  with 
Fraunhofer's  results.  In  February  1863,  Hug  gins  andW.  A.  Miller  communicated 
to  the  Hoyal  Society  some  measurements  of  the  lines  in  Sirius,  Aldebaran,  and  a 
Ononis,  whilst  Rutherford  about  the  same  time  made  similar  obsenrations  (Sill.  Am. 
Journ.  zxxv.  71).  Secchi  (Astronomische  Nachrichten,  3.  Marzl868)  also  measured 
a  few  lines,  as  also  did  the  Astronomer  Royal  (Monthly  Notices,  Tiiii.  190).  By  far 
the  most  complete  and  accurate  inyestigation  of  the  stellar  spectra  is  that  by  H u  gg i  n  a 
and  W.  A.  Miller  (Phil.  Trans.  1864,  p.  413).  The  investigation  was  carri«i  <m 
at  Mr.  Huggins's  observatory,  and  the  spectroscope,  containing  two  prisms  having  each 
a  refiracting  angle  of  60^,  is  fixed  to  an  8-inch  refracting  telescope  by  Alvan  Clarke. 

In  order  to  obtain  evidence  of  tlie  presence  of  dark  lines  in  the  stellar  speetram,  the 
line  of  light  obtained  as  the  spectrum  of  the  luminous  point  required  to  be  spread  out 
to  a  band;  this  was  effected  by  a  cylindrical  lens  placed  within  the  focuaof  the  object- 
glass,  and  immediately  in  front  of  the  slit  of  the  collimator  of  the  spectroscope.  The 
apparatus,  when  ac(justed,  is  powerful  enough  to  show  the  fine  nickel  line  within  the 
double  D  line  in  the  solar  spectrum.  A  micrometer  movement  is  attached  to  the 
spectroscope,  by  which  the  position  of  the  lines  can  be  determined  to  within  the  ^^ 
part  of  the  distance  of  A  to  H. 

Such  measurements  are,  however,  not  sufficient  to  determine  the  chemical  constitution 
of  the  stellar  atmosphere ;  this  can  only  be  done  by  direct  comparison  with  the  metallic 
spectra,  and  hence  arrangements  were  made  for  throwing  the  light  from  a  flame  or  from 
the  electric  s]^k  into  the  instrument^  so  that  the  two  spectra  are  seen  at  once. 

The  following  gives  the  results  of  careful  comparison  of  the  spectra  of  Aldebaran 
and  Betelgeux  (a  Ononis)  with  bright  lines  of  the  metals : 


Coincident 

1.  Hydrogen   with 

2.  Sodium 

3.  Magnesium 

4.  Calcium 

5.  Iron 

6.  Bismuth 

7.  Tellurium 

8.  Antimony 

9.  Mercury. 
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Elements. 

lines  C  and  F. 
double  line  D. 
triple  line  b. 
four  lines, 
four  lines  and  E. 
four  lines, 
four  lines, 
three  lines, 
four  lines. 


Non-coincident  Elements. 
Nitrogen  with  three  lines. 


Cobalt 

Tin 

Lead 

Cadmium 

Barium 

Lithium 
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two  lines, 
five  lines, 
two  lines, 
three  lines, 
two  lines, 
one  line. 


BarxLOBux 

Coincidint  Elements. 
1.  Sodium       with  double  line  D. 


2.  Magnesium 

3.  Calcium 

4.  Iron 

5.  Bismuth 

6.  Thallium  (?) 
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triple  line  b. 
four  lines, 
three  lines  and  £. 
four  lines. 


Seventy  lines  measured. 

(a  Orioxis). 

Non-coincident  Elements  (cont.) 
Tin  with  five  lines. 


Non-coincident  EUments, 

Hvdrogen  with  C  and  F 
Nitrogen      „     three  lines. 


Load 

tf 

two  lines 

Gold(?) 

Cadmium 

ft 

three  lines 

Silver 

f> 

two  lines. 

Mercury 

ft 

four  lines. 

Barium 

ft 

two  lines. 

Lithium 

ft 

one  line. 

Eighty  lines  measured. 


Fiff.  774  is  a  copy  of  Huggins  and  Miller's  drawing  of  the  spectra  of  Aldebaran  and 
of  Betelgeux  ^half  original  size). 

The  seventy  or  eighty  lines  measured  indicate  only  some  of  the  stronger  of  the 
numerous  lines  which  are  seen  in  the  spectra  of  these  stars.  "  Some  of  these  are  pro- 
bably due  to  the  vapours  of  other  terrestrial  elements  which  have  not  been  compared 
with  these  stars.  It  would  be  assumption  to  suppose  that  the  sixty-five  so-called 
elements  constitute  the  entire  primary  material  of  the  universe.     Doubtless  in  the 
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Spemifttic  fluid  is  rich  in  salta,  especially  In  earthy  phosphates ;  oystals  of  triple 
phosphate  very  speedily  appear  in  decomposing  specimens.  According  toKollicker, 
■100  parts  of  the  spermatic  flnid  of  the  oz  contain  17'94  solid  matters,  of  which  16*8 
are  albamino'id  and  extractives,  2*16  fat,  and  2*687  salts.  The  secretion  of  the  prostate 
of  the  dog  contains,  according  toBuxmann  (Henle  nnd  Meissnei's  Bericht,  1864, 
p.  286)  98*5  per  cent,  of  water,  4*5  per  cent,  and  nearly  1  per  cent,  of  chloride  of 
sodium,  together  with  small  quantities  of  sulphate  and  phosphate  of  potassium  and 
calcium.  M.  F. 

r.    Manganese  garnet  (ii.  772). 

IFSItA*  This  Aingns  yields  (?  air-dried)  6*5  per  cent,  of  an 
alkaline  ash,  containing  ferric  oxide  and  a  laige  quantity  of  silica.  Moderately 
dilute  hydrochloric  acid  extracts  from  the  plant  about  half  its  fixed  oonstituents, 
leaving  a  dark-brown  or  black  residue,  which  withstands  the  action  of  all  concentrated 
mineral  acids  (except  nitric  acid),  imparts  only  a  slight  colour  to  boiling  potash-leyi 
and  yields  (dried  at  120^,  and  calculated  upon  the  substance  free  from  ash),  61*6  per 
cent.  C,  4*0  H,  1*2  N,  and  33*2  0.  The  fungus  yields,  by  dry  distillation,  an  acid  fetid 
distillate.    (A.  and  W.  Knop,  Pharm.  Centr.  1851,  p.  648.) 


■PKJBROCOCCVa  UCCBBWOZBB8.  According  to  Gonnermann  and 
Ludwig  (Arch.  Pharm.  [2]  cxi.  204),  this  alga  (from  Ceylon^  contains  in  its  cells 
trae  starch-grains,  which  are  at  first  coloured  yellowish  by  iodine,  and  turn  blue  only 
on  warming. 

■VKAOWM.  A  club-moss  which  grows  chiefly  on  peat-moozs,  and  often 
plays  an  essential  part  in  their  formation.  8ph.  acutijfolium  contains,  according  to 
C.  Sprengel  (J.  techn.  Chem.  xv.  32),  3*05  per  cent,  ash  (a);  according  to  VohU 
(Ann.  Ch.  Phann.  cix.  185),  the  same  from  a  high  moor  in  Uie  CSanton  of  Zurich 
contains  0*92  per  cent,  of  ash  (b) ;  and  8ph,  cuspidatum,  from  Upper  BaTaria, 
contains,  accoraing  to  Wittstein  (Jahresb.  1862,  p.  610),  2*014  per  cent,  ash, 
composed  of — 

XSO.    N»SO.  C^a  McO.  Also*.  TtMi»,  SOt.  ptO«.  BIOS.    COS.  CL  VaCL 

Spk.  acuttfolium  (n),      10-9    18*9    .     .  6^      S'4      7  0      40  .     .    43*8    .    .  11  ■>  .     .=100 

(b).       8 02  1-H4      a- 17  4-99    5*89    6'35«  433  1  06   41*69  .    .  .    .  19*91  s  9M9 

n   cmspidatum.  4*fl9  6*37    14-06  3-OS   2*84  10*85    3-16  S79    89*92  6*97  .    .  4*96  »  9^88 


Syn.  with  Blende.    (See  Zinc.) 

A  calcic  silico-titanate,  occurring  in  monodinic  crystals  haying  the 
axis  a  :  6  :  c  a  1*326  :  1  :  0*5678  ;  angle  of  inclined  axes  (^  c)  »  60°  2T;  ooP  :  ooP 
—  113<>28';  oP:Poo  t=  159<^  Z4'.  Cleavage  sometimes  distinct,  parallel  to  ooP; 
less  distinct,  parallel  to  the  orthodiagonal  and  to  —  P.  The  mineral  sometimes 
also  occurs  massive,  rarely  lamellar.  Hardness  »  5 — 5*5.  Speciflc  gravity  » 
3*4 — 3*56.  Lustre  adamantine  to  resinous.  Colour  brown,  grey,  yellow,  green,  and 
black.  Streak  white,  slightly  reddish  in  greenovite.  Transparent  to  opaque.  Brittle. 
The  yellow  varieties  do  not  alter  in  colour  before  the  blowpipe ;  the  others  turn  yellow; 
they  all  slightly  intumesce,  and  fuse  on  the  edges  to  a  bla(^  enamel.  With  borax  they 
yield  a  clear  yellowish-green  glass.  The  mineral  is  imperfectly  soluble  in  hot 
hydrochloric  acid,  and,  if  the  solution  be  concentrated  in  contact  with  tin,  assumes  a 
fine  violet  colour. 

Analyses, — a.  From  the  St.  Gothard  (Cordier,  J.  des  Mines,  No.  Ixxiii.  67). — 
5.  Felberthalin  the  Pingzau  (Elaproth,  Beitrdpe,  i.  245 ;  v.  239). — c.  Sdiwarzenstein 
in  the  Zillerthal:  yellow-green;  specific  gravity  o.  3*535  (H.  Bose,  CKlb.  Ann. 
Ixxiii.  94;  Pogg.  Ann.  Ixii.  253).— <;.  Arendal:  brown  (Ros ales,  see  H.  Rose). — 
e.  Passau:  brown  (Brooks,  see  H.  Rose).—/.  St.  Marcel,  Piedmont:  Green&tnte 
(Del esse,  Ann.  Min.  [4],  vi.  825).—^.  The  same  (Marignac,  Ann.  Ch.  Phys.  [3], 
xiv.  47). — h.  Frugard,  Finland:  black-brown;  specific  gravity  —  3*45  (Arppe, 
Analyser  af  finsk.  Min.  p.  34). — e.  Grenville,  Canada :  brown ;  specific  gravity  — 
8*49—3*51  (H.unt,  Sill.  Am.  J.  [2],  xv.  442) : 

Silica    ....    28-()    36     32*29     31*20     30*63     30*1     82*26  31*03     81*83 

Titanic  oxide .     .     33-3     46     41*58     40'92     42*56     42*5     38*57  43*57     40*00 

Lime    ....     32*2     16     26*61     22*25    25*00    24*0     2765  21*76     28*31 

Ferrous  oxide 0*96      5*06      3  93     .     .      0*76  0*75 

Manganous  oxide 3*2      0*76 

Magnesia 0*08 

Alumina 1*05 

Loss  by  ignition.     ^ ._    ,_^      .    .     ^ ,    __.    .      .    .      .    .  0*38      0*40 

93*5     98  101*44     99*43  102*12     99^  10000     98^  100*54 
■  'With  trace  or  manganic  oxide. 


KSO. 

Na>0. 

CaO. 

MgO. 

BO>. 

SiOs 

9-7 

360 

131 

6-8 

9-3 

81 

23-4 

24-6 

10-6 

7-6 

4-4 

5-9 
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dried  plant  2*03^ per  cent,  ash;  and  Saalmuller  (Ann.  Ch.  Fhann.  Iviii.  889)  found 
in  the  plant,  dri^  at  100**,  10*7  per  cent,  ash,  contaii^Uig: 

P«0».  Fe^'PO^.  Nan.  F*»0>. 

7*9      8*7        7-9      .  .       Richardson. 
8*6      .   .      12*8      21      SaalmuUer. 

Euonymus  europaua,  A  celastraceons  tree,  the  light  wood 
of  which  yields  ffood  charcoal  for  gonpowder.  The  red  seed-capsnles  have  a  saline 
taste,  and  contain  grape-engar,  cerin,  tannin,  resins,  citric  acid,  &c  The  orange- 
colonred  seed-coating  contains  a  fiit  oil,  which  dissolvea  ont  the  oolonring-matter  w^n 
expressed. 

The  rose>colonred  shell  of  the  seed  contains  tannic  add,  ^;mn,  mineral  oonstitoents, 
&c ;  the  kernels  contain  3*9  per  cent,  resin  and  28*1  fat  oil,  together  with  emnlsin, 
sugar,  &c 


The   fatty  oil  expressed  firom  the  seeds   of  the 

spindle-tree  is  clear,  Tisdd,  red-brown,  yellow  in  tnin  layers,  has  a  repuIsiTe  odour, 
and  a  bitter  taste,  with  irritating|  afber-taste.  Specific  grayity  »  0*938.  It  is 
sparingly  soluble  in  alcohol,  easily  in  ether.  It  solidifies  between  12^  and  16^,  a  con- 
siderable portion  of  the  colouring-matter  separating  out  with  the  faJt^  and  remaining, 
if  the  oil  IS  carefully  melted,  in  b^utiful  red  granules  on  the  sides  of  the  TesseL 

The  oil  contains,  in  addition  to  the  colouring-matter,  a  bitter  resin  called  by 
Riederer  (Buchnei's  Repert.  [2],  xliv.  1)  tprndie-tru  hitter  or  euonyinin;  also 
volatile  acidk  By  the  saponification  of  the  fat-oil,  Bchweizer  (J.  pr.  Chem.  liii. 
437)  obtained  oleic  and  margaric,  together  with  acetic  and  benzoic  adds,  the  last  two 
remaining  in  the  under-ley  after  the  saponification  of  the  oil. 

Spindle-tree  oil  is  prepared  chiefly  in  Switzerland,  where  it  is  used  for  burning  in 
lamps,  and  for  destroying  vermin  in  the  hair  of  men  and  animals,  also  as  an  aj^cation 
to  wounds. 


BpindU,  indudinff  Ceylanite  or  Tkonaste,  Spindle  Buby,  BaJUu  Buhy, 
Almandine  Bub^,  Candite,  GoAnite  or  Autofnolite,  Dyduite,  Hereinite,  KreitUmite, 

ChlorospineL — A  mineral  spedes  represented  W  the  general  formula  M'O.&O*, 
in  whidi  JtT  -  Mg,  Fe,  Ca,  Zn,  and  Mn;  and  K"^  =  Al  or  Fe.  The  crystalline 
form  is  monometric,  generally  the  cube,  rhombic  dodecahedron,  and  intermediate 
forms,  also  with  cubic  races  (Cbt8TAIxoohafht,>^«.  172, 174, 176, 176, 178, 199,  200.) 
Cleavaffe  octahedraL    Twins  like/^.  319  (ii.  160). 

Hardness  «•  8.  Specific  ffravity  «  3*6 — 1*9.  Lustre  vitreous.  Colour  red, 
espedally  carmine-red;  also  bluish-red  to  blue,  brown,  or  yellow;  pure  magnede 
aluminate,  MgAl'0\  is  colourless.  Transparent  to  nearly  opaque.  Fracture  ocm- 
choidal,  brittle.  Infndble  before  the  blowpipe.  Insoluble  in  adds,  but  becomes  com- 
pletely soluble  after  fusion  with  add  potassic  sulphate.  GKves  with  fluxee  the 
reactions  of  iron,  and  occasionally  of  chromium. 

The  name  spinel  is  restricted  by  Rammelsberg  and  others  to  the  varieties  consisting 
of  nearly  pure  magnesic  aluminate,  and  having  only  a  small  proportion  of  the  magnesia 
replaced  by  ferrous  oxide ;  while  those  in  which  the  proportion  of  iron  is  laiger  are 
regarded  as  forming  a  distinct  species,  called  Ceylanite,  Pleonaste,  CandUe,  at  Ckryeo- 
mdane:  they  all,  however,  crystallise  in  the  same  forms,  and  the  gradations  of  <»h«miffft1 
oompodtion  are  not  very  sharply  defined. 

Pure  magnedan  spinel,  MgiO.Al*0\  would  contain  71*97  per  cent,  aluminium  and 
28*03 'magneda.  Red  (predous)  spind  from  Ceylon  contains,  according  to  Abich's 
analysis  ^nected  by  Rammelsberg),  70*43  alumina,  1*12  chromic  oxide,  26*76  mag- 
nesia, ana  0*73  ferrous  oxide ;  blue  spind  fiom  Aker  in  Sweden  contains,  according  to 
the  same  authority,  70*63  alumina,  26*31  magnesia,  and  3*67  ferrous  oxide.  Precious 
spinel  is  distinguished  by  several  names,  according  to  its  oolourf  the  deep  red 
variety  being  called  rtiby  spinel,  the  pale  red  balas  ruby,  the  brownish-red  (ft\)m  its 
resemblance  to  some  garnets)  almandine  ruby,  and  the  yeUowish-red  rubieelle. 

The  following  are  analyses  of  the  more  ferruginous  varieties,  ceylanite  or  pleonaste 
(Rammelsberg s  Mtneralcnemie,  p.  162) : 

A.  Containing  all  the  iron  as  ferrous  oxide.— ^,  Harmala  in  Finland  (Thoreld). — 
b.  Barsowskoi,  near  Kyschtimsk  in  the  Ural  (Abich). — c.  Tunaberg  in  Sweden :  daric- 
green  (A.  Erdmann).— <f.  Ronsperg  in  Bohemia,  Hereinite  (Quadrat). 

B.  Containing  ferric  as  well  as  ferrous  oxide,^a.  Vesuvius  (Abich).— A.  Franldin, 
New  Jersey:  lai^  greenish-black  octahedrons,  accompanied  by  red  zinc-ore  and 
calcspar  (V ogel). — e.  Stulprabe,  near  Arendal  in  Norway  (Scheerer). — d,  Ceylon 
(C.  Qmehn ). — e.  Iserwiese  in  the  Riesengebirge  (Abich): 
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blackens  on  drying;  with/prrow*  salts  a  dark-green,  vrith  ferric  salts  a  black  precipitate ; 
■with  zinc-salts  mixed  with  a  little  ammonia,  a  yellow  precipitate  soluble  in  excess  of 
ammonia ;  with  cupric  salts  a  grass-green  precipitate ;  with  nitrate  of  silver  on  addition 
of  ammonia,  a  black  precipitate  insoluble  in  ammonia ;  with  mercurotis  nitrate  a  yel- 
lowish-brown  precipitate  which  soon  becomes  dark-brown;  no  precipitate  with 
mercuric  or  platinic  chloride. 

8PZSZT.  Spiritus. — The  word  spirit  was  used  in  old  chemical  language  as  a 
generic  name  for  liquids  obtained  by  distillation.  At  the  present  day  it  is  applied  in 
ordinary  language  chiefly  to  ethylic  alcohol,  which  is  called  spirit  of  wine,  and  methy- 
lic  alcohol,  which  is  also  called  wood-spirit.  In  pharmaceutical  language  it  is  still  used 
as  a  generic  name  for  aromatic  alcoholic  distillates  and  certain  alcoholic  solutions — e.g., 
Spiritus  cochlearue,  8p.  lavandula,  Sp.  camphoratus,  Sp.  saponatus. 

Spiritus  abstractus,  Sp.  aromaticus.  — These  names,  especially  the  latter,  are  applied 
to  odoriferous  products  obtained  by  distilling  various  substances  with  moderately 
strong  aqueous  alcohol ;  they  are  further  distinguished  as  Spiritus  aromaticus  simpler^ 
and  compositus. 

Spiritus  aceti  dulcifcatus,  s.  Sp.  didcis )    or  Liquor  anodinus  vegeiahUis.    A  solution 

Spiritus  aceHco-tethtfTeus  \       of  acetic  ether  in  alcohol. 

Spiritus  AeruginiSy  s.  Sp.  Veneris^  Spirit  of  Verdigris. — An  old  name  of  the  con- 
centrated acetic  acid  obtained  by  distilling  crystallised  cupric  acetate  (i.  10). 

Spiritus  aromaticus,  s.  Sp.  ahstractus. 

Spiritus  Cera,  Spirit  of  Wax. — The  watery  liquid  containing  empyreumatic  oils, 
acetic  acid,  &c.,  obtained  by  the  dry  distillation  of  wax. 

Spiritus  Comu  Cervi,  Spirit  of  Hartshorn. — The  solution  of  impure  ammonium- 
carbonate  obtained  by  the  distillation  of  animal  matters  (i.  190). 

Spiritus  Mindereri. — An  aqueous  solution  of  ammonium-acetate  (i.  13). 

Spiritus  muriatico-athereus,  s.  Spirittts  Salis  dulcis.  Sweet  Spirit  of  Salt,  Heavy 
Hydrochloric  Ether. — The  product  obtained  by  saturating  alcohol  with  hydrochloric 
acid  and  distilling  it  over  peroxide  of  manganese,  or  by  distilling  a  mixture  of  alcohol 
and  sulphuric  acid  over  a  mixture  of  common  salt  and  peroxide  of  manganese  (iu  632). 

Spiritus  muriaticus. — Hydrochloric  acid. 

Spiritus  nUro-acidus. — Nitric  acid. 

Spiritus  nitro-athereus,  s.  &9,  dulcis,  Sweet  Spirit  of  Nitre. — (See  NrrBOUS  Ethers, 
iv.  76.) 

Spiritus  rector. — Boerhare  supposed  that  volatile  oils  were  compounds  of  resins, 
with  a  peculiar  odoriferous  substance  which  he  called  by  this  name. 

Spiritus  Soli  ammoniacus,  Salmiakgeist. — Aqueous  ammonia. 

Spiritus  Salis  did<ns. — See  Spiritus  muriatioo-tsthereus. 

Spiritus  Salis  fumans,  or  Sp,  Salis  fumans  Glauberi. — ^Fuming  hydrochloric 
acid. 

Spiritus  8tUphurico-€Pthereus. — Common  ether  containing  alcohol. 

i^ritus  Sidphuris  per  campanam. — Obsolete  name  for  aqueous  sulphurous  acid. 

Spiritus  SuJphuris,  s.  Sp.  sidphuratus  volatile  Bcguini. — A  solution  of  various 
polysulphides  of  ammonium,  strong  enough  to  fume  in  the  air  (i.  194). 

Spiritus  si/lvestris,  Gas  sylvestre. — An  old  name  of  carbonic  anhydride. 

Spiritus  Tartari,  Liquor  pyrotartaricus. — An  old  name  for  the  brownish  empyreu- 
matic liquid,  containing  empyreumatic  oils,  pyrotartaric  acid,  acetic  acid,  and  (ac- 
cording to  Gobel)  formic  acid,  obtained  by  dry  distillation  of  tartar. 

Spiritus  Veneris. — See  Spiritus  Aeruginis. 

Spiritus  Vini,  Spirit  of  Wine. — ^Aqueous  alcohol. 

Spiritus  Vitriolt. — Dilute  sulphuric  acid. 

Spiritus  Vitrioli  coagulabilis. — ^An  old  name  of  potassic  sulphate. 


A  fresh-water  alga,  which  contains  97*6  parts 
water  to  2*6  dry  substance,  the  latter  containing  7*6  percent  nitrogen  and  0*8  ash.  The 
ash  yields  36-8  per  cent,  carbonates  and  sulphates  of  the  alkali-metals  and  chloride  of 
sodium,  1*6  carbonate  of  calcium,  9*8  carbonate  of  magnesium,  18*4  phosphate  of 
calcium,  3*4  phosphate  of  magnesium,  and  31-6  silica,  with  traces  of  feme  oxide. 
(Handw.  d.  Cnem.  viii.  160.) 

BPXROXi.    A  name  applied  to  phenylic  alcohol,  because  it  may  be  obtained  from 
spiroylic  (salicylic)  acid,  in  the  same  way  as  benzol  from  benzoic  acid. 


L6wig*s  name  for  the  radicle  C'H*0«  (more  generally  called  salicyl, 
or  salicosyl),  which  may  be  supposed  to  exist  in  oil  of  spiraea  (^icylol).  (See  pp.  160, 

SVZSOTSiIO  ACXB.    Syn.  with  Salicylic  Acid. 

Syn.  with  Sauctlol. 
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The  organic  matter  of  spongos  was  formerly  regarded  as  identical  with  homy  tissn**, 
till  Posselt  (Ann.  Ch.  Pharra.  xlv.  192)  and  Crookewit  {ibid,  xlriii.  43)  showed 
that  it  exhibits,  in  many  respects,  the  same  characters  as  the  fibroin  of  silk  and  of 
gossamer-threads.  Stadeler,  however  {ibid.  cxi.  12),  has  shown  that  the  organic 
matter  of  silk,  when  treated  with  sulphuric  acid,  yields  leucine  and  tyrosine,  whereas 
that  of  sponge  yields  leucine  and  glycoeine,  without  a  trace  of  tyrosine :  he  accordingly 
designates  the  organic  matter  of  sponges  as  spongin,  restricting  the  name  fibroin 
to  that  of  silk  and  gossamer-threads.  Schlossberger,  on  the  other  hand,  designates  the 
former  as  fibroin,  the  latter  as  sericin.  In  some  sponges,  the  fibroin  is  combined 
with  iodine,  sulphur,  and  phosphorus. 

Charred  or  burnt  sponge,  Spongia  usta^  has  long  been  used  in  medicine ;  its  action  is, 
doubtless,  to  be  attribute  to  the  iodine  which  it  contains.  Herberger  fonnd  in  it  1*16 
per  cent,  potassium-iodide,  0*702  potassium-bromide,  and  traces  of  cupric  oxide. 
Prcuss  found  2*14  per  cent.  KI,  and  0*76  NaBr.  In  preparing  burnt  sponge,  care  must 
be  taken  not  to  employ  too  high  a  temperature,  as  a  loss  of  iodine  may  thereby  be 
occasioned. 

SPOirOZar.  Stadeler^s  name  for  the  organic  matter  of  sponge.  lie  prepares  it  by 
exhausting  the  sponge,  cut  up  into  small  pieces,  with  dilute  hydrochloric  acid,  then  with 
weak  soda-ley,  washing  it  tlioroughly,  and  drjing. 

SPRAT.  Clupea  Spraitus  ;  Fr.  h>pret  ;  Ital.  Sardino. — ^These  fishes,  when  pressed 
and  dried,  contain,  in  100  parts,  64  parts  water,  19  fat,  and  1-94  nitrogen,  equivalent  to 
12-3  per  cent,  albuminoi'dal  substance.  They  yield  2*1  per  cent,  ash,  containing, 
according  to  Way  (Jahresb.  1849,  p.  658): 

K'O.   Na«0.  CaO.    MbO.  Fc«OS.   SO'.        SJO«.    P^O*.     KCI.  NaCI. 

17-2     1-2     23-6     30     03     trace     trace     43-6     .    .     11*2     =      100 

21-9     .    .     27-2     3-4     06      14        03       40-6     23       23     -      100 

Sprats  are  caught  in  large  quantities  on  the  coasts  of  Sussex,  Kent,  and  Essex,  and 
are  there  used  for  the  preparation  of  artificial  manure. 

SQTTjAXTTS.  The  liver  of  the  Basking  Shark,  Squalus  inaximus  (Linn.),  yields  about 
80  per  cent,  of  oil,  which  has  a  faint  yellow  colour,  a  density  of  0*870  to  9*876,  and  ji 
repulsive  odour ;  does  not  solidify  at  a  few  degrees  below  0°.  By  dry  distillation  it 
yields  a  yellow  oil  having  the  odour  of  acrolein,  but  no  sebacic  acid.  It  appears  to 
contain  a  peculiar  oleic  acid.     (Ronalds,  Chem.  Gaz.  1852,  p.  420.) 

8TA&AOBKZTB8  and  8TAXJLCTZTSS.  Deposits  formed  in  caverns,  chiefly 
in  limestone  rocks,  by  water  filtering  through  the  rock  and  taking  up  some  of  its 
substance,  and  subsequently  dripping  from  the  roof.  The  solution  (of  calcic  carbonate, 
for  instance),  on  exposure  to  the  air,  deposits  the  solid  matter,  which  partly  forms 
stalactites,  depending  from  the  roof  like  icicles,  partly  deposits  called  stalagmites, 
on  the  floor  of  the  cavern. 

8TAXhACIMOMBTB&  ((rraKayfUs^  drop ;  fitrpuy^  measure).  An  instrument 
employed  by  Guthrie  for  jnf'asuring  the  size  of  drops.  A  drop  is  defined  as  a  more 
or  less  spherical  mass  of  liquid  matter,  which  has  been  separated  from  other  matter 
by  gravitation.  Such  a  definition  is  necessary,  because  the  term  "drop**  is  frequently 
applied  to  a  variety  of  liquid  matters,  having  little  or  nothing  in  common,  except 
shape,  either  as  to  origin  or  condition. 

The  substances  concerned  in  drop-formation  are — 1.  The  substance  to  which  the  drop 
clings ;  2.  The  substance  of  which  it  is  formed ;  3.  The  medium  in  which  it  is  formed. 
If  the  drop  be  formed  in  a  liquid  medium  more  dense  than  the  drop,  the  drop  rises. 
If  the  dropping  fluid  be  a  gas,  and  the  medium  a  liquid,  the  drop  becomes  a  bubble. 
Hence  there  is  no  essential  difiference  between  the  formation  of  a  drop  and  that  of  a 
bubble ;  there  is  also  an  agreement  in  the  laws  which  govern  the  sizes  of  the  two. 

The  factors  which  are  found  experimentally  to  be  most  concerned  in  determining 
the  size  of  a  drop  in  the  case  of  a  liquid  dropping  from  a  solid  through  a  gas  are : 

1.  The  rate  at  which  the  dropping  takes  place,  or  the  growth-time,  gt,  of  the  drop. — 
2.  The  quantity  and  chemical  nature  of  the  solid  matter  which  the  dropping  liquid 
holds  in  solution. — 3.  The  chemical  nature  of  the  dropping  liquid. — 4.  The  size  and 
shape  of  the  solid  at  the  part  from  which  the  drop  falls. — 5.  The  chemical  nature  of  the 
solid  from  which  the  drop  falls. — G.  The  temperature  at  which  the  dropping  takes  place. 

In  the  case  of  a  liquid  dropping  through  a  liquid,  the  additional  factors  are — 7,  the 
chemical  nature,  and  8,  the  density  of  the  liquid  medium. 

The  stalagmometer  consists  of  two  parts  :  the  first  to  produce  a  perfectly  uniform 
flow  of  the  dropping  liquid  ;  the  second  to  collect,  and  either  measure  or  weigh,  a  given 
number  of  drops  formed  under  various  conditions.  For  particulars  of  the  experiments 
and  description  of  the  diflforent  forms  of  stalagmometer,  see  Proc.  Koy.  Soc.  (xiii.  444, 
457 ;  xiv.  22). 

The  following  are  the  main  laws*  which  have  been  deduced: 
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A.   Whin^  from  a  solid,  a  liquid  drops  through  a  gas. 

1.  The  drop-size  depends  upon  the  rate  of  dropping.  Generally,  the  quickor  the 
succession  of  the  drops,  the  greater  is  the  drop.  The  slower  the  rate,  the  more  strictly 
is  this  the  case.    Example : 

Drop-il«e  of  cocomut-oil,  gt  »  (Ti"  ^  80'17 
Drop-tiie  of  cocoanut-oil,  gt  =  12*0"        52-00 

2.  The  drop-size  depends  upon  the  nature  and  quantity  of  the  solid  which  the 
dropping  liquid  holds  in  solution.  If  the  liquid  stands  in  no  direct  chemicarrelation 
to  the  solid,  the  drop-size,  in  general,  diminishes  as  the  quantity  of  solid  contained  in 
the  liquid  increases. 

3.  The  drop-size  depends  upon  the  chemical  nature  of  the  dropping  liquid,  and  little 
or  not  at  all  upon  its  density ;  or,  rather,  increase  of  density  implies  increase  of  cohesion. 
Of  all  the  liquids  examined,  water  has  the  greatest  and  acetic  hydrate  the  smallest  drops. 
Water  »  148-2.  Glycerin  =  102-8.  Butyric  acid  «  680.  Mercury  «  67 "9. 
Benzene  a  66*2.  Oil  of  turpentine  =s  60*1.  Alcohol  »  49*6.  Acotic'ether  »  46*4. 
Acetic  hydrate  *»  43*0. 

4.  The  drop-size  depends  upon  the  geometric  relation  between  the  solid  and  liquid. 
If  the  solid  be  spherical,  the  largest  drops  fall  Arom  the  largest  spheres.  The  cbops 
are  birgest  which  fall  from  a  plane.  Absolute  difference  in  radius  takes  a  greater 
(•fleet  uiK>n  the  drops  formed  from  smaller  than  upon  those  formed  from  larger  spheres. 
Of  circular  horiz^mtal  planes,  within  certain  limits  towards  the  minimum  size,  the 
drop-size  varies  directly  with  the  size  of  the  plane.     Exam2)li3: 

Drop-size  of  water  from  sphere  of  radias 
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6.  The  drop-size  depends  upon  the  chemical  nature  of  the  solid  from  which  the  drop 
falls,  and  little  or  not  at  all  upon  its  density.  Of  all  the  solids  examined,  antimony 
delivers  the  least  and  tin  the  largest  drops.     Example: 

Drop- size  of  water  from  antimony  ■■  1 19*8 

„  „  sulphur  r=  120-2 

„  „  cadmium  a  121-8 

„  „  zinc  a  122*4 

„  „  lead  =  1220 

„  „  phosphorus  »  122  7 

„  „  bismuth  «  122-8 

„  „  tin  «  124-2 

6.  The  drop-size  depends  upon  temperature.  Generally,  the  higher  the  temperature 
the  smaller  the  drop.     Example : 

Drop-size  of  water  at  204"^  C.   «   132  6 

30  6^0.   =    130-6 
„  „  40  3°  C.   =   129-8 

B.   mken^from  a  solid,  a  liquid  drops  through  a  liquid. 

7.  The  drop-size  does  not  depend  mainly  upon  the  density  of  the  medium,  and  conse- 
quent variation  of  the  weight,  in  the  medium,  of  the  dropping  liquid. 

8.  If  there  be  two  liquids,  A  and  B,  which  drop  under  like  conditions  through  air, 
and  the  drop-size  of  the  one.  A,  be  great<T  than  that  of  the  other,  B,  then,  if  a  tliird 
liquid,  C,  be  made  to  drop  through  A  and  through  B,  its  drop-size  through  A  will  bo 
greater  than  its  drop-size  through  B. 

9.  If  tlie  dijop-size  of  A  through  B  be  greater  than  the  drop-size  of  A  through  C, 
then  the  drop-size  of  D  through  13  will  also  be  greater  than  the  drop-size  of  D  through  C-. 

10.  If  a  liquid.  A,  drop  under  like  conditions  in  succession  through  two  liquids,  B  and 
C,  then  its  drop-size  through  any  mixture  of  B  and  C  is  intermediate  between  its 

drop-size  through  B  and  its  drop-size  through  C;  and  the  greater  the  proportion  of  ^  in 

the  mixture,  the  more  nearly  does  the  drop-size  of  A  through  the  mixture  approach  to 

the  drop-size  of  A  through  ^  alone. 
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11.  The  drop-pize  of  any  mixture  of  two  liquids,  A  and  B,  dropping  through  a  third 

liquid,  C,  is  intermediate  between  the  drop-size  of  A  through  C  and  that  of  B  through 

A  .  . 

C;  and  the  greater  the  proportion  of  -n  in  the  mixture,  the  more  nearly  does  the  drop- 

•  A 

size  of  the  mixture  approach  to  the  drop-size  of  -o  alone,  whether  the  dropping  liquid 

be  heavier  or  lighter  than  the  liquid  medium. 

12.  If  the  liquid  X  has  a  larger  drop-size  than  the  liquid  Y  in  the  liquid  Z,  then  the 
liquid  Z  has  a  larger  drop-size  in  X  than  it  has  in  Y. 

13.  If  a  liquid  X  has  a  larger  drop-size  in  air  than  a  liquid  Y,  then  the  drop-size  of 
X  through  Y  is  larger  than  the  drop-size  of  Y  through  X. 

14.  If  the  drop-size  of  X  be  greater  than  the  drop-size  of  Y  in  air,  and  the  drop-aixe 
of  Y  greater  than  the  drop-size  of  Z  in  air,  then  the  ratio  between  the  drop-sizes  of  X 
in  any  mixture  of  Y  and  Z,  and  the  drop-size  of  that  mixture  of  Yiwd  Z  through  X,  is 
greatest  when  the  ratio  between  Y  and  Z  is  unity. 

Laws  10  and  11  may  be  applied  to  quantitative  analysis.  Thus,  a  mixture  of 
benzene  and  oil  of  turpentine  causes  water  to  assume  a  greater  or  less  drop-size,  accord- 
ing to  the  proportion  of  its  constituents.  It  is  easy  by  means  of  the  stalagmometer  to 
detect  a  difference  of  one  per  cent,  in  the  proportion  of  either  of  the  constituents. 

The  term  "  bubble  "  is  also  in  common  speech  applied  to  a  rariety  of  dissimilar  things. 
The  definition  adopted  has  been  already  given  in  speaking  of  drops. 

In  measuring  the  size  of  a  drop,  the  barometric  pressure  is  found  to  have  little  or 
no  influence.  In  the  case  of  bubbles  it  forms  an  important  factor.  Also  the  tempera- 
ture is  of  greater  iniluence  with  bubbles  than  with  cbops.  The  chief  points  of  interest 
with  regard  to  bubble-size  are  the  influences  of  change  in  the  chemical  nature  of  the 
gas  and  of  the  liquid  medium. 

The  chief  results  at  present  obtained  with  regard  to  bubble-size  are  these: — 

15.  Every  diflerent  liquid  causes  the  same  gas  which  bubbles  through  it  under  the 
like  conditions  to  assume  a  different  bubble-size. 

16.  If  the  bubble-size  of  a  gas  through  a  liquid,  A,  be  greater  than  its  bubble-size 
through  B,  then  its  bubble-size  through  any  mixture  of  A  and  B  is  intermediate 
between  its  bubble-size  through  A  and  its  bubble-size  through  B. 

This  law  is  quite  analogous  to  Law  10.  Further,  the  singular  connection  between 
drops  and  bubbles  is  shown  in  the  following  law : — 

17.  If  the  liquid  A  has  a  larger  drop-size  than  the  liquid  B  in  dropping  through 
the  gas  C,  then  the  gas  C,  in  bubbling  through  the  liquid  A,  has  a  luger  bubble- 
size  than  in  bubbling  through  the  liquid  B.  F.  O. 

See  Tm-RAJ>iCLES,  Obganic. 
Salts  of  stannic  acid.     (See  Tin,  Oxides  of.) 
.    See  TiN-BADiCLES,  Oboakic. 

STAWVZO  OXZBS.    See  Tin,  Oxides  of. 
Syn.  with  Tin-Ptrites  (q.v.). 

Salts  of  stannous  oxide  (see  Tin,  Oxides  of.) 
BTAm-BSBTBTSi.    See  Tin-radiclbs,  OBOiiNic. 
BTAXrVOVS  ACZB,  BTJLKVOJXB  OXZBB.     See  Tin,  Oxides  of. 

Syn.  with  Tin. 
Syn.  witJi  Andalusitb  (i.  291). 

A  genus  of  apocynaceous  plants,  indigenous  at  the  Cape  of  Good 
Hope.  Siape/ia  hirsutay  after  being  scratched  with  a  knife,  yields  a  limpid  gummy 
juice,  which  hardens  to  an  amorphous  mass  on  exposure  to  the  air,  and  contains  a 
bitter  substance  soluble  in  water,  alcohol,  and  ether.  (Bernap,  Repert  Pharm. 
Ixxxviii.  95.) 

8TAPKZSAORZO  ACZD.  A  peculiar  acid,  said  by  Hofschlager  (Brandes 
Archiv.  xix.  160)  to  exist  in  the  seeds  oi  Ddphinium  Staphisagria.  It  is  described  as 
white,  cr}'stalline,  sublimable,  and  as  exerting  an  emetic  action ;  but  the  statements 
respecting  it  are  very  doubtful. 

STAPBZSAOSZXra.  An  alkaloid  existing,  according  to  Couerbe  (Ann.  Ch. 
Phys.  [2],  lii.  352),  in  the  seeds  of  Delphinium  StaphiMgria^  and  constituting  the 
matter  insoluble  in  ether,  obtained  in  the  preparation  of  delphinine  (ii.  310)  from  that 
plant.  It  is  a  slightly  yellowish  body,  having  a  sharp  taste,  nearly  insoluble  in  water 
and  in  ether,  easily  soluble  in  alcohol.  It  dissolves  also  in  acids,  but  without  neutralis- 
ing them.  It  is  decomposed  by  chlorine,  and  converted  by  hot  nitric  acid  into  a  bitter 
resinous  substance. 
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mitable  desiccating:  chamLors.  Or  wheat- flour  is  mixed  with  four  to  Ato  volumes  of 
wuttT,  and  g  to  ^  vol.  sour  water  obtained  from  former  operations :  this  sets  up  a  fermen- 
tation, which  lasts  from  two  to  four  weeks,  according  to  the  temperature,  and  is  inter- 
rupted as  soon  as  the  nitrogenised  substances  are  decomposed  and  dissolved.  The 
sediment  of  starch,  which  remains  at  the  end  of  a  fermentation,  is  repeatedly  washed 
with  water,  sifted,  and  dried  in  desiccating  chambers.  Starch  may  be  freed  from 
glut«n  bj  means  of  cold  dilute  potash-ley  (Kirchhoff),  or  distilled  vinegar 
(Saussuro) ;  from  pieces  of  fat  and  other  matter,  by  prolonged  tieatment  with  cold 
water,  alcohol,  or  ether. 

2.  FPL>m  Potatoes. — Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  con- 
tinued stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside  for  a 
fuw  minutes,  till  the  heavier  impurities  have  settled  down,  and  then  left  to  stand  for  three 
or  four  hours  in  another  pan.  The  starch  which  collects  at  the  bottom  of  the  clear  liquid 
is  stirred  up  with  water,  poured  through  hair-sieves,  then  left  to  settle,  repeatedly 
washed  with  cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desiccating 
chambers.  The  starch  thus  obtained  is  purified  by  successive  washing  with  the 
following  liquids: — 1.  Cold  alcohol. — 2.  Water. — 3.  Water  containing  0002  per  cent, 
hydrochloric  acid. — 4.  Water. — 6.  Watercontaining  0*005  per  cent,  potash. — 6.  Water 
(Pay en).  After  this  treatment,  the  starch  contains  hydrochloric  acid  (Jacquelain, 
Gerhardt,  TraitS^  ii.  486),  but  may  be  purified  by  boiling  with  alcohol  containing 
0*1  per  cent,  hydrate  of  potash,  then  washing  with  pure  alcohol  and  with  water. 

3.  From  the  root-sproiUs  of  Maranta  indica  and  M.  arundinacea:  American 
starch.  Arrowroot — Mode  of  preparation  the  same  as  from  potatoes. 

4.  From  the  roots  of  Janvpha  Manihot:  Tapioca. — The  washed  and  bruised 
roots  are  pressed  in  bags  under  water ;  the  starch  which  separates  from  the  milky 
liquid  is  7nea/i/  tapioca;  after  drying  upon  hot  plates,  it  becomes  granuiar  tapioca ; 
the  portion  of  the  pulp  which  remains  after  washing  and  pressing  is  spread  out  on 
iron  plates,  in  a  layer  one  or  two  inches  deep,  and  strongly  dried  into  cakes ;  this  is 
Cassava-bread ;  when  pulverised  it  forms  Manjok  flour^  and  when  again  heated  on 
iron  plates  till  it  swells  up,  Mandiokka,     (Sure a u,  J.Pharm.  xz.  622.) 

5.  From  the  stems  of  several  species  of  Sagtts  and  Cycas:  Sago. — The  starch  is 
washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of  water,  then  left  to  settle, 
washed  on  cloths  or  mats,  rubbed  when  half  dry  through  metal  sieves;  and  when  thus 
granulated,  it  is  dried  at  about  60°  in  ovens  of  peculiar  construction. 

6.  From  Bice. — Rice  is  heated  with  weak  soda-ley,  which  dissolves  the  nitrogenous 
impurities,  and  leaves  pure  starch  ;  then  with  a  solution  of  borax,  cream  of  tartar,  or 
some  other  salts,  to  facilitate  the  separation  of  the  starch  from  gluten. 

7.  From  Horse-chestnuts^  ^t. — The  same  method  as  in  2,  excepting  that  the  starch 
is  likewise  well  washed  with  aqueous  sodic  carbonate  to  remove  the  bitter  principle 
(Flan din,  Compt  rend,  xxvii.  349);  or  merely  with  water,  like  potato- starch. 
(Be Hoc,  ibid,  xxviii.  83.) 

For  details  on  the  manufacture  of  Starch,  see  Ure's  Dictionary  of  Arts,  &c,, 
111.  745. 

Properties. — Starch  is  a  white  shining  powder,  soft  to  the  touch,  grating  between 
the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous  masses,  but  more  frequently 
of  granules  recognisable  by  the  microscope.  These  granules,  of  various  diameter 
[from^tOflJjyof  a  line  (Fritzschc),from*186to*002 millimetre (Payen)],and various 
form,  have  commonly  a  small  eccentric  nucleus,  surrounded  by  layers  arranged  concen- 
trically one  over  the  other.  These  envelopes  increase  by  the  successive  deposition  of  new 
layers  within  the  old  ones,  so  that  each  layer  is  younger  and  less  compactly  a^regitted 
than  the  one  which  immediately  surrounds  it ;  and  since  the  layers  are  for  me  most 
part  of  variable  thickness,  they  cause  the  granule  to  deviate  gradually  in  form  from  the 
originally  spherical  nucleus,  and  assume  for  the  most  part  an  ovoid  form.  According  to 
Maschke,  the  starch-granules  appear  like  bundles  of  three  to  six  concentric  bladders, 
with  light  and  dark  rings,  the  light  rings  being  formed  of  insoluble,  the  dark  of 
soluble  starch,  and  enclosing  the  central  cavity  of  the  innermost  bladder,  which  is 
either  empty,  or  filled  with  liquid  amylone. 

The  following  table  exhibits  the  greatest  diameter  of  several  kinds  of  starch-granules, 
according  to  Payen  : — 

^      Starch  from:  Millimetre. 

Large  Rohan  potatoes 0*185 

Metiispermumfenestratum  (colombo-root)         .        .        .        .  '180 

'KiniameB  of  Canna  gigantea *175 

„        „  Canna  discolor '150 

„        „  Maranta  arundinacea  (arrowroot)        .        .        .  *140 

Various  kinds  of  potato *140 

Bulbs  of  the  lily -115 

Tubers  of  Oxa/f>  crnta^a "lOO 
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from  common  starch  by  the  action  of  diastass  at  ordinary  temperatnres ;  by  heating  it 
for  a  certain  time  with  dilute  sulphuric  acid ;  by  heating  with  glacial  acetic  acid  in  a 
sealed  tube,  or  with  strong  nitric  acid  till  red  vapours  begin  to  pass  off;  by  boiling 
with  chhride  of  zinc ;  and  bv  trituration  for  a  short  time  in  the  cold  with  strong  sulphuric 
acid.  If,  however,  the  action  of  the  diastase  takes  place  at  a  temperature  of  65^ — 80^ 
(it  is  completely  interrupted  by  boiling),  or  if  the  heatine  with  dilute  acids  be  con- 
tinued beyond  a  certain  time,  the  starch  is  converted  into  dextrin,  and  ultimately  into 
dextroglucose. 

Starch  is  also  converted  into  dextrin  and  sugar  by  boiling  with  aqueooa  oxalic  or 
dilute  acetic  acid ;  by  contact  with  glutin  at  a  moderately  high  temperature,  alao  by 
contact  with  scdiva ;  into  sugar  also  by  contact  with  beer-geast,  and  with  various 
animal  substances — viz.,  pancreatic  Juice,  gelatin,  mucous  membrane,  urine^  bile,  sper- 
matie  fluid,  blood-serum,  animal  tissue,  and  by  wateiy  infusions  prepared  at  40^  from 
the  heart,  brain,  lungs,  litfer,  kidneys,  spleen,  and  mnscles.     (Gm.  xv.  92.) 

On  the  conversion  of  starch  into  dextrin  and  sugar,  see  also  Musculus  (Compt 
rend.  Uv.  194  ;  Ann.  Ch.  Phys.  [3],bf.  203;  Jahresb.  1860,  p.  602;  1861,  p.  717.) 

Starch  dissolves  in  glycerin  when  heated  therewith  for  a  considerable  time,  and  is 
precipitated  in  the  soluble  modification  by  addition  of  alcohol  to  the  solution.  (W. 
Kabsch,  2jeitschr.  anal.  Chem.  ii.  216.) 

Starch  triturated  in  the  cold  with  oil  of  vitriol,  is  converted  sucoeseively  into  soluble 
starch,  sulphamidonic  acid,  dextrin,  and  sugar. 

With  nitric  acid,  starch  yields  various  products,  according  to  the  strength  of  the 
acid,  the  temperature,  and  the  duration  of  the  action  : 

a.  Cold  concentrated  nitric  acid  (specific  gravity  «  1*62)  dissolves  starch  without 
evolution  of  gas ;  water  added  to  the  solution  precipitates  xyloi'dinornitramidin, 
C*H*(NO')0*,  as  a  white  powder  fBraconnot,  Pelouze).  If  water  is  added  imme- 
diately, nothing  remains  dissolvea ;  but  if  the  solution  is  allowed  to  stand,  it  gives 
with  water  less  and  less  xvloidin,  and  at  last  none,  while  a  substance  resembling 
saccharic  acid  remains  in  solution.     (Pelouze,  Compt.  rend.  vii.  713.) 

b.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric  acid,  and  twice  its 
weight  of  ordinary  nitric  acid  (2NHO'.3HK)),  and  allowed  to  stand  for  24  or  30  hours 
at  the  mean  temperature,  or  if  it  is  mixed  with  enough  common  nitric  acid  to  form  a 
thick  mud,  and  heated  in  the  water-bath  until  red  fumes  are  evolved,  nnorganised 
insoluble  starch  is  at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  starch 
soluble  in  cold  water  (B 6 champ). — Starch  that  has  been  moistened  with  -^  per  cent, 
nitric  acid  and  water,  and  then  allowed  to  dry  spontaneously,  yields  dextrin  when 
heated  (Pa yen).  A  mixture  of  starch  with  2  per  cent,  nitric  acid  and  4  per  cent 
water,  dried  at  first  in  the  air,  afterwards  in  a  water-bath,  gives,  with  6  parts  of  warm 
water,  a  solution  which  solidifies  to  a  jelly  like  lichenin  on  cooling,  and  gives  sugpir 
when  boiled  with  acids.    (Mitscherlich,  Pogg.  Ann.  Iv.  121.) 

c.  Hot  nitric  acid,  either  concentrated  or  dilute,  employed  in  excess,  evolves  nitrous 
gas  and  forms  oxalic  acid,  together  with  malic  ana  acetic  acids. — Nitric  peroxide 
acting  on  starch  neither  evolves  gas  nor  produces  oxalic  add.  (Bouij  s -Ballot,  J.  pr. 
Chem.  xxxi.  211.) 

A  mixture  of  strong  nitric  and  sulphuric  acids  converts  starch  into  an  explosive  com- 
pound, analogous  to  or  identical  with  gun-cotton  (De  Vrij,  Compt  rend,  xii  120). 
According  to  B^champ  (Ann.  Ch.  Phys.  [3],  Ixiv.  322),  the  product  consiata  of 
nitroxyloidin  or  dinitramidin,  C«H«(NO«)«0». 

Chlorine-gas,  either  dry  or  moist,  does  not  act  upon  starch  either  at  ordinary  tempe- 
ratures or  at  100^ ;  when  starch  is  exposed  under  water  to  the  action  of  chlorine  for 
eight  hours,  only  ^is  decomposed,  with  evolution  of  carbonic  anhydride  (Lie big). — 
Starch  distilled  with  hydrochl^tric  acid  and  manganic  peroxide  yields,  among  other 
products,  trichlorinated  acetic  aldehyde  (chloral)  and  pentachlorinated  propionic  alde- 
hyde. 

When  bromine-water  is  added  to  a  solution  of  starch  in  dilute  hydrochloric  acid,  an 
orange-yellow  powder  is  formed,  consisting  of  a  compound  of  starch  with  bromine, 
which,  however,  cannot  be  dried  without  loss  of  bromine. 

Starch-paste  is  coloured  deep-blue  by  an  nqueous  solution  of  iodine,  or  by  mixing  it 
with  solution  of  potassic  iodide,  and  then  adding  a  drop  of  chlorine-water,  nitrous  acid, 
sulphuric  acid,  &c.,  to  set  the  iodine  free.  This  blue  coloration,  which  affords  an 
extremely  delicate  test  either  for  starch  or  for  iodine,  is  due  to  the  formation  of  a 
loose  combination  of  starch  and  iodine,  or  perhaps  to  tJie  mere  mechanical  precipita- 
tion of  the  iodine  upon  the  starch,  inasmuch  as  it  is  destroyed  by  alcohol,  potash, 
sulphydric  acid,  and  in  general  by  all  liquids  which  take  up  the  iodine.  The  liquid 
may  also  be  decolorised  by  ebullition,  whereby  the  iodine  is  volatilised ;  if^  however, 
the  boiling  be  not  continued  for  a  sufficient  time  to  volatilise  the  whole  of  the  iodine, 
the  blue  colour  reappears  as  the  liquid  cools.    When  potato-starch  is  powdered  in  a 

"irtar  with  cold  water,  the  filtered  liquid  is  coloured  blue  by  iodine ;  this  effect  is  not 
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I,  8PBCTRA  OF.    See  Spkctral  Analysis  (p.  394). 

A  borato-chloride  of  mugnesium,  occurring  in  the  salt- 
beds  of  Stassfurth  near  Magdeburg,  in  masses  having  a  microcrystalline  structore : 
hardness  =  4  to  5,  and  specific  gravity  =  2*913.  Contains,  according  to  the  mean  of 
recent  analyses  by  Heintz  and  Ludwig,  8'20  per  cent,  chlorine,  277  magnesium,  26*24 
magnesia,  60*82  boric  anhydride,  and  1*97  water,  agreeing  nearly  with  the  formula 
Mg"CP.2(3Mg''0.4B«0«)   +   4  aq.     {Rammdsberg's  Miner  Jchemie,  p.  266.) 

8TATZCB.  A  genus  of  plumbaginaceous  plants,  growing  in  the  neighbourhood  of 
the  sea  or  of  salt-springs,  and  containing  considerable  quantities  of  common  salt.  100 
pts.  of  IStatice  Gfueiint,  air-dried,  yield  7*7  per  cent,  ash,  of  which  11*5  per  cent  arc 
soluble  in  water,  and  88o  per  cent,  insoluble.  St.  suffruticosa  yields  6*7  per  cent, 
ash,  of  which  45-75  per  cent,  is  soluble  in  water.  The  soluble  portions  of  the  two 
contain,  in  100  pts. : 

K«SO».  Na'SO*.  N;.CI.        Na«CO».  NaHO. 

Statice  Gmilini       .         22*2  29*7  290  7*0 

Statice  suffruticosa  18*4  24*8  46*0  2*7  -2 

BTAUSO^ZTB.  StaiirotidCy  Granatite,  Croisdte,  IHerre  de  Croix,  Schorl 
cruciforme  grhnaiite. — Thcsfl  names  are  applied  to  certain  silicates  of  alum  uium 
occurring  in  trimetric  crystals,  often  forming  cruciform  groups,  on  the  St.  Gothard,  in 
the  Ural,  and  other  localities.  Staurolite  from  the  St.  Gothard  has  the  composition 
4Al«0«.3SiO« ;  that  from  Airolo,  in  Tessin,  is  10ATO«.9SiO«;  that  from  Polewskoi.  in 
the  Ural,  is  8Al»0".9SiO« ;  that  from  Bretagne  is  5Al«0».6SiO«.  (See  Sujcates,  p.  265 ; 
also  Dana,  ii.  261 ;  Kammelsberg,  p.  567.) 

The  name  staurolite  is  also  used  as  a  synonym  of  liarmotome. 

STiLUSOSCOPB.  An  optical  instrument,  invented  by  F.  v.  Kobell,  for  ex- 
amining the  polarising  structure  of  crystalline  bodies.  (Pogg.  Ann.  xcv.  320  ;  J.  pr. 
Chim.  Ixiv.  389.) 

Syn.  with  Staudoijte. 

C'»H»^0    ^    N  j  ^"^,'*^.— Obtained    by    heating    ethylic 

stearate  with  alcoholic  ammonia  for  20  to  25  days  in  a  sealed  tube  immersed  in  a 
salt-bath,  and  purified  by  recrystallisation  from  hot  alcohol  and  repeated  washing 
with  cold  ether.  After  melting  it  solidifies  at  107*5°.  (Ca r let,  Bull.  Soc.  Chim. 
[1859],  i.  76.) 

STr./IB /I WTTiTPg.    PhenyUstearamide,    C*«H«>NO  »  N  J    C«H*  .—When  an 

excess  of  aniline  is  distilled  over  stearic  acid  heated  to  230°  in  an  oil-bath,  the  whole 
of  the  stearic  acid  is  converted  into  anilide.  The  product  is  purified  by  repeated 
crystaUisation  from  alcohol ; 

C'»H««0«  +  C«H'N  -  C'*H"NO  +  H«0. 

It  forms  white,  dehcate,  shinftig  needles,  molting  at  93*6^,  and  solidifying  to  a  mass 
of  radiated  crystals. — An  alcoholic  solution  does  not  precipitate  nitrate  of  silver. 

See  Stbabonb. 


The  fat  contained  in  the  wool  of  Merino  sheep  is,  according  to 
Chevreul  (J.  Pharm.  xxvi.  123),  a  mixture  of  a  more  liquid  fat,  elaerin,  and  a 
more  solid  fat,  stearerin.  This  latter  melts  at  60^,  and  dissolves  only  in  100  pts. 
alcohol  of  specific  gravity  0*805,  whereby  it  may  be  separated  from  the  much  more 
soluble  elaerin.  When  treated  with  strong  potash-ley,  it  yields  a  salt,  stearerateof 
potassium,  which  is  more  like  a  resin-salt  than  a  true  soap.  The  fat  is  probably 
only  a  mixture. 

8T2A&ZC  ACZB.     C»"H"0«  =  ^"^"^(o.-^/rftf  stiariqut,  Acide  margaretuc, 

Talgsdure,  (Chevreul,  Ann.  Chim.  Ixxxviii.  226:  Ann.  Ch.  Phys.  [2],  ii.  354  ;  xxiii. 
19;  Recherches  sur  les  corps  gras. — Braconnot,  Ann.  Chim.  xciii.  250. — Redten- 
bacher,  Ann.  Ch.  Pharm.  xxxv.  46. — Bromeis,  ibid,  xxxv.  86;  xxxviL  303. — 
Stenhouse,  ibid,  xxxvi.  67. — Erdmann,  J.  pr.  Chem.  xxv.  497. — ^Francis,  Ann. 
Ch.  Pharm.  xlii.  256. — Gottlieb,  ibid.  Ivii.  35. — Laurent  and  Gerhardt,  ibid, 
Ixxii.  272. — Hard  wick,  Chem.  Soc.  Qu.  J.  ii.  232. — Crowder,  Phil.  Mag.  [4],  iv. 
21. — Heintz,  see  references  under  Myristic  Acid,  iii.  1069. — Berthelot,  Ann.  Ch. 
Phys.  [3],  xli.  216,  432;  xlvii.  297.— Pebal,  Ann.  Ch.  Pharm.  xci.  138.— Gm.  xvii. 
103.) 
Stearic  acid  was  discovered  by  Chevreul  as  a  constitueiit  of  the  more  solid  fats  of 
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fractured  surfaces.  The  impure  acid  solidifies  in  masses  of  acicular  or  waTellitie 
structare.  The  melting-point  was  found  by  Chevreul  to  be  75°  (solidifying-point  70^), 
by  Duffy  68**  (solidifying-point  66*8°),  by  Stenhouse  69°;  by  Redtenbacher,  Kopp, 
and  others,  70° ;  by  Hardwick,  70'5°.  Pebal  found  that  the  purest  acid  melted  at 
69-2°. 

When  stearic  acid  is  melted  with  more  fusible  fatty  acids,  the  mixture  fuses,  not 
at  the  medium  fusing-point,  but  mostly  at  a  lower  temperature,  often  even  below  that 
of  the  most  fusible  acid  in  the  mixture :  this  phenomenon  is  similar  to  that  which  is 
exhibited  by  many  metallic  alloys,  as  of  lead  with  tin,  or  with  tin  and  bismuth.  The 
following  tables  exhibit  the  melting-points  and  modes  of  solidification  of  mixtures  of 
stearic  acid  with  lauric,  myristic,  and  palmitic  acids,  in  various  proportions,  as  de- 
termined by  Heintz : 


A  mixture  of  :- 


1.  Stearic  and  Lauric  Acids, 


Stearic  acid. 

Lauric  add. 

Melti  at 

Mode  of  lolidiryiiig. 

10 

90 

41-5° 

Non -crystalline 

20 

80 

38-5 

Non-crystalline,  warty 

30 

70 

43-4 

Small  shinmg  crystalline  facets  on  the  surface 

40 

60 

50-8 

Warty,  non-crystalline 

60 

50 

56-8 

[  Scarcely  crystalline,  slightly  granular 
More  distinctly  granular ;  commencement  of 
scaly  crystallisation 

60 

40 

690 

70 

30 

620 

Somewhat  more  distinctly  granido-scaly 

80 

20 

64-7 

Distinctly  scaly-crystalline 

90 

10 

670 

The  same 

A  mixture  of: — 


2.  Stearic  and  Myristic  Acids. 


Stearic  acid. 

Mjrristic  add. 

Mdte  at 

Mode  orBolidifying. 

10 

90 

51-7° 

Non-ciystalline,  opaque 

20 

80 

47-8 

Indistinctly  crystalline 

30 

70 

48-2 

Lamino-crystalline 

40 

60 

50-4 

Beautiful  broad  laminae 

60 

60 

64-5 

Non-crystalline,  opaque 

60 

40 

69-8 

Neither  needles  nor  lamince ;  commencement, 
of  scaly  crystallisation. 

70 

30 

62-8 

More  distinctly  scaly 

80 

20 

660 

Still  more  distinctly  scaly 

90 

10 

671 

Scaly-crystalline 

A  mixture  of: — 


3.  Stearic  and  Palmitic  Acids. 


SteaHc  acid. 

Palmitic  acid. 

Melt4  at 

Solidifies  at 

Blode  of  solidifying. 

90 
80 
70 

10 
20 
30 

67-2° 

653 

62-9 

62-5° 

60-3 

59-3 

Scaly-crystalline 

Finely  aciculo-crystalline 

The  same 

60 
60 

40 

40 
50 
60 

60-3 
56-6 
56-3 

66-6 
560 
64-6 

Rough,  non-ciystalline 
Broad,  lamino-crystulline 
The  same 

35 
32-5 

65 
67-5 

66-6 
66-2 

54-3 
54-0 

Non-crystalline,  wayy,  shining 
The  same 

30 
20 

70 
80 

651 
67-5 

640 
63-8 

Non-crystalline,  wayy,  dull 
Scarcely  acicular 
Beautifully  acicular 

01 

90 

601 

64-6 

4.  Stearic,  Palmitic,  and  Myristic  Acids. — The  melting-point  of  a  mixture  of  32*5 
T  cent,  palmitic  acid  with  67 '6  per  cent  myristic  add,  which  is  situated  at  46*2^, 
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sinks  lower  when  to  20   ]^  of  ibis  mixture  there  are  added  from  1  to  7  pis.  of 
stearic  acid ;  the  melting-points  of  the  several  mixtures  are  as  follows : — 

With  1  pt  stearic  acid  the  melting-point  is  45*2^ 

2  „  „  44-5 

3  ,.  „  440 

4  n  if  43'o 

6  „  „  44-6 

6  „  „  46-4 

7  „  „  460 

8  ..  ..  4G'5 


1* 


if 


These  mixturos  solidify  to  non-ciystalline  masses.     (H  e  i  n  t  £.) 

5.  Stearic  and  Margaric  Acids. — Mixtures  of  these  two  acids  melt  more  easily  than 
stearic  acid,  but  only  a  few  of  them  less  easily  than  margaric  acid.    They  solidify 
almost  in  the  same  manner  as  unmixed  fatty  acids,  differing  therefore  in  this  respect 
from  mixtures  of  stearic  with  palmitic  acid.    (Heintz.) 
A  mixture  of : — 


I 

stearic  acid. 

Margaric  acid. 

Heltiat 

Mod«  of  soliditying. 

10 

90 

69-60 

Scaly-crystAHine 

20 

80 

59-8 

The  same,  but  less  distinctly 

30 

70 

60-8 

Like  the  last 

40 

60 

61*2 

The  same 

50 

50 

620 

The  same,  but  less  pearly 

60 

40 

631 

The  same 

70 

80 

64-7 

The  same 

80 

20 

66-2 

The  same 

90 

10 

67-6 

Scaly-crystalline 

Pure  stearic  acid  expands  rery  strongly  when  heated,  especially  at  the  moment  of 
fusion  (about  11  percent.),  and  contracts  so  much  in  solidifying  that  cast  lumps  appear 
porous.  Its  volume,  that  at  0®  being  taken  for  unity,  is  1-038  at  50°  1054  at  60°, 
1'079  at  70°,  and  by  fusion  the  yolumc  at  70°  increases  to  1*198. 

Thc'Tolume  of  the  solid  acid  at  different  temperatures  is  expressed  by  the  formula  : 

r  -   1  +  00013490  <  +  0000034007^  +  000000044180^; 

and  that  of  the  liquid  acid  by — 

V  «  1-1980  +  00010098, or  T  =   1  +  0000842«; 

whrre  V  is  the  volume  of  the  solid  acid,  «■  1  at  0° ;  F*,  the  volume  of  the  liquid  acid, 
■=  1  at  70° ;  t  denotes  temperatures  below  70°,  and  8  tt^mperatures  above  70°  (Eopp, 
Ann.  Ch.  Pbarm.  xciii.  184).  The  specific  gravity  of  the  fused  acid  «  0*854  (Saus- 
sure).     It  solidifies  on  cooling  in  a  scaly  crystalline  mass,  or  in  shining  needles. 

Stearic  acid  distils  in  a  vacuum,  and  in  quantities  of  15  to  20  grammes,  under  the 
ordinary  atmospheric  pressure,  for  the  most  part  without  alteration.  When  heated  to 
300 — 330°  in  a  sealed  tube  for  several  hours,  it  does  not  alter  either  its  appearance  or 
its  melting-point,  or  give  off  either  gas  or  water.     (Berthelot) 

Stearic  acid  is  insoluble  in  watery  moderately  soluble  in  alcohol,  more  readily  in 
ether,  bensene,  sulphide  of  carbon,  and  oUs,  hoiYi  fixed  and  volatile. 

The  composition  of  stearic  acid  is  determined  by  the  following  analyses : 


Calculation. 


C«H*0« 


c 

H 
O 


.  216 

36 

.   32 

.  284 

Crowd^r. 
,   75-91 
,  1301 
,  1108 

10000 


7606 

12-68 

21-26 

ioo-bo 

Gottlieb. 
76-29 
12-83 
10-88 

loooo 


Cherreul. 

76-30 
12-43 
11-27 


Redten- 
bacher. 

75-51 
12-86 
11-63 


Sten- 

house. 

75-75 

12-78 
11-47 


10000     10000     10000 


Erd- 
mann. 

76-50 

12-81 

10-69 

lOOOO 


Hard- 
wick. 

7613 
12-86 
11-01 

100-00 


Francfi. 

74-73 
12-46 
12-81 

100-00 


Laurent  and  Gerhardt. 


a, 

75-41 

1253 

1206 

100^0^ 


h. 
75-60 
12-61 
Jl-79 

10000 


Heintx. 

76-57  to  75-88 

12-59   ..    12-85 


ft 


Ppb»l. 
75-84  to  7615 
12-83  ,.  12-71 


>» 


The  formula    Cr^H^(7  (Chevreul),    C^H^O'    (Redtcnbacher,    Erdmann) 
C^H^O'  (Stenhouse),  C^H^O*,  or  C'"H««0«  (Gerhardt),  have  been  successively 
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proposed  for  stearic  acid.  Jiaurent  and  Gerhardt  gave  the  formula  C^IP^O\  or 
C"11**0^  according  to  which  stearic  acid  would  be  isomeric  with  margaric  acid.  The 
above  formula,  first  proposed  by  Hardwick  for  stearic  acid  separated  from  bassia-oil 
(bassic  acid),  then  adopted  by  Crowder  for  the  stearophanic  acid  of  Francis,  has  been 
recognised  by  Heintz  as  the  true  formula  of  stearic  acid. 

Decompositions. — 1.  When  90  grms.  of  stearic  ^cid  are  subjected  to  dry  distillation, 
the  greater  part  passes  over  unchanged,  but  a  smaller  portion  is  resolved  into  carbonic 
anhydride,  water,  and  stearone ;  the  distillate  likewise  contains  acetic  add,  butyric 
acid,  a  fatty  acid  of  lower  melting-point  than  stearic  acid ;  also  a  hydrocarbon  of  the 
formula  C"H-",  and  ketones  richer  in  oxygen  than  stearone — these,  as  well  as  the  hydro- 
carbons, probably  resulting  from  further  decomposition  of  the  stearone.  The  black- 
brown  residue  in  the  retort  still  contains  stearone,  but  scarcely  any  fatty  acids. 
(Heintz.) 

2.  Stearic  acid  mixed  with  platinum-black,  and  heate<l  to  100®  in  oxy^en-ffos,  forma 
carbonic  anhydride,  and  at  200*^  is  completely  converted  into  carbonic  anhydride  and 
water  (Reiset  and  Mil  Ion  [8],  Ann.  Cli.  Phys.  viii.  286).  It  burns  in  the  air  like 
wax,  and  when  heated  to  1 80^  in  oxygen-gas  it  burns  with  a  dazzling  light.  With  ozone 
it  behaves  like  palmitic  acid  (iv.  334). 

3.  Heated  with  chrmnic  acid,  sulphuric  acid,  and  water,  it  yields  chromic  oxide,  and 
an  acid  melting  at  64—65®,  the  alcoholic  solution  of  which  first  deposits  unaltered 
stearic  acid,  then  an  acid  (Kedtenbacher^s  margaric  acid)  melting  between  59®  and 
60®.     (Rcdtenbacher.) 

4.  Fcrmanganatc  of  potassium  converts  stearic  acid  into  stearate  and  carbonate  of 
potassium.     (Cloez  and  Guignet,  Compt.  rend.  xlvi.  1110.) 

5.  Nitric  acid  forms  from  stearic  acid  small  portions  of  volatile  acids,  which  mix 
with  the  unaltered  stearic  acid,  and  lower  its  melting-point  (Heintz).  When  stearic 
acid  is  heated  with  2  or  3  pts.  nitric  acid,  violent  action  takes  place  after  half  an 
hour,  nitric  acid  and  pungent  gases  being  given  off,  and  the  fused  acid  being  converted 
into  a  tenacious  frothy  mass,  then  becoming  clear  and  mobile,  and  finally  solidifyinju 
as  it  cools  to  a  tallowy  mas,  which  melts  at  35®  to  45®.  According  to  Bromeis,  this 
miiss  contains  margaric  acid,  and  if  crude  stearic  acid  has  been  used,  an  oil  formed 
from  oleic  acid,  and  coloured  blood-red  by  potash.  After  several  days*  treatment  with 
nitric  acid,  the  stearic  acid  disappears  completely,  being  converted  into  sebacic  and 
succinic  acids  (Bromeis).  In  later  experiments,  Bromeis  obtained  also  azoleic  acid 
(an  acid  isomeric  with  oenanthylic  acid),  auid  produced,  according  to  Arppe,.by  the 
action  of  nitric  acid  on  oleic  acid. 

6.  Stearic  acid  fused  with  phosphoric  anhydride  forms  a  yellow  mass,  which,  when 
freed  from  the  unaltered  stearic  acid,  melts  at  64—60®,  and  contains,  on  the  average, 
80-4  per  cent.  C,  129  H,  and  67  0  (C'»H'«0«  =  81-2  per  cent.  C,  1277  H,  and 
6'03  O),  and  is  converted  by  hot  nitric  acid  into  a  brittle  waxy  mass  containing  77"2d 
per  cent  C,  1222  H,  and  10-53  0.    (Erdmann,  J.  pr.  Chem.  xxv.  600.) 

7.  Dry  chl&rine  gas  at  100®  converts  stearic  into  chlorostearic  acid.    (Hardwick.) 

8.  Bromine  heated  with  stearic  acid  and  water  in  a  sealed  tube,  forms  a  dark-brown 
liquid,  which  does  not  alter  perceptibly  at  100®,  but  between  130°  and  140®  is  slowly 
converted  into  a  yellow  oily  mixture  of  bromo-  and  dibromo-stearic  acids,  mixed  with 
unaltered  stearic  acid.    Formation  of  bromostearic  acid : 

Ci«H"0'     +     Br«       =-       C»"H»BrO«     -¥     HBr. 

When  more  than  2  at.  bromine  is  used  to  1  at.  stearic  acid,  a  large  quantity  of  di- 
bromostearic  acid  is  produced,  but  even  then  a  part  of  the  stearic  acid  remains  unaltered. 
If  the  heat  is  raised  above  140®,  the  mass  ri^mains  brown,  or  charcoal  separates  from  it. 
(Oudemanns,  J.  pr.  Chem.  Ixxxix.  193.) 

9.  Pintachloride  oj  phosphorus  brought  in  contact  with  stearic  acid  at  a  moderate 
heat,  forms  a  colourless  mass,  which  soon  becomes  heated  to  160®,  turning  brown  and 
black.  When  distilled  it  gives  off  hydrochloric  acid,  a  small  quantity  of  water,  a 
hydrocarbon,  stearic  acid,  and  a  solid  product  less  soluble  in  alcohol  than  stearic  add. 
(Chiozza,  Gerhard fs  TraitS,  ii.  851.) 

11.  Stoarate  of  potassium,  in  contact  with  oxychloride  of  phosphorus,  becomes 
slightly  heated,  and  at  150®  swells  up  to  a  dark  jelly,  perhaps  forming  chloride  of 
stearyl,  inasmuch  as  the  product  treated  with  alcohol  yields  stearate  of  ethyl.  (Pebal.) 

1 2.  When  stearic  acid  is  heated  with  an  equal  weight  of  sidphur,  a  trace  of  sulphuric 
acid  is  given  off,  and  the  same  products  are  formed  as  when  stearic  acid  is  heated  by 
itself.     (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  373.) 

13.  The  acid  heated  with  oil  of  vitriol  to  100°,  for  several  hours,  is  decomposed, 
with  evolution  of  sulphurous  anhydride,  and  carbonises  at  a  higher  temperattire. 
(Chovreul.) 
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of  specific  gravity  0*821,  and  wash  ins  the  needles,  which  then  separate,  with  cold 
alcohol  (Chevreul).  According  to  Heintz,  it  is  most  easily  obtained  in  the  pure 
state,  by  mixing  a  boiling  alcoholic  solution  of  the  acid  with  a  hot  aqueous  solution 
of  potassic  carbonate  in  excess,  evaporating  the  mass  to  dryness,  exhausting  the  residue 
with  boiling  absolute  alcohol,  and  leaving  the  filtered  solution  to  cryntallise.  It  forms 
shining  delicate  needles,  scales,  and  lamin»,  which  aggregate  into  a  hard  soap ;  it 
has  a  faint  ulkaline  taste. 

In  air  saturated  with  moisture,  it  takes  up  one-tenth  of  its  weight  of  water.  One 
pt.  of  the  salt  forms,  with  10  pts.  of  cold  water,  an  opaque  gum,  which  melts  at  99^, 
and  solidifies  to  a  pearly  gum  on  cooling.  One  pt.  of  the  salt  dissolves  oompletelj  in 
25  pts.  of  boiling  water,  forming  a  liquid  which  is  still  limpid  at  92^,  and  BolidMet 
to  a  pearly  mass  on  cooling. 

The  solution  of  1  pt.  of  the  salt  in  100  pts.  of  hot  water  deposits  on  cooling  a 
mixture  of  neutral  and  acid  stearate  of  potassium,  while  one-fourth  of  the  entire  quan- 
tity  of  potash  remains  dissolved.  When  the  solution  of  the  salt  in  alcohol,  or  in  20 
pts.  of  boiling  water,  is  mixed  with  1,000  pts.  of  boiling  water,  or  5,0()0  pts.  of 
cold  water,  it  deposits  all  the  stearic  acid  as  acid  salt,  whilst  half  the  potash  remains 
dissolved  in  the  water.  In  like  manner  the  neutral  salt,  when  drenched  with  5000 
pts.  of  cold  water,  gives  up  half  its  potash,  and  is  converted  into  the  add  salt  without 
forming  a  gum.  In  these  cases  the  alkaline  water  contains  a  trace  of  stearic  acid  in 
solution  (Chevreul).  It  dissolves  at  10^  in  231  pts.  alcohol  of  specific  grarity 
0*794,  in  10  pts.  at  66^,  the  latter  solution  becoming  turbid  at  55^,  and  solid!- 
^n^  at  38^ ;  in  6*7  pts.  of  boiling  alcohol  of  specific  gravity  0*794,  forming  a 
liquid  which  gelatinises  on  cooling.  It  dissolves  in  ether-alcohol,  and  crystallises 
therefrom  (Crowder,  Hardwick).  Boiling  ether  withdraws  irom  the  ninitral  salt 
ft  certain  quantity  of  stearic  acid,  leaving  a  compound  richer  in  potash.  (Chevreul.) 
-  3.  The  acid  salt,  C'»H»KO«.C»"H«^«,  is  obtained  by  decomposing  the  neutral  salt 
with  1,000  pts.  or  more  of  water.  When  pressed,  dried,  and  dissolved  in  boiling  alcohol, 
it  separates  on  cooling  in  silvery  scales,  inodorous,  and  soft  to  the  touch.  It  does  not 
melt  at  100^.  It  is  not  altered  by  cold  water,  but,  when  boiled  with  1,000  pts.  of  water, 
yields  a  milky  liquid,  consisting  of  a  solution  of  the  neutral  salt^  in  which  a  moro 
acid  salt  is  suspended ;  towards  75°  this  liquid  becomes  clearer,  but  again  turbid  at 
67^ ;  if  the  liquid  be  filtered  at  the  boiling  heat,  the  more  acid  salt  remains  on  the 
filter. 

100  pts.  of  absolute  alcohol  dissolve  27  pts.  of  acid  potassic  stearate  at  the  boiling 
heat,  but  retain  only  0*36  pt  of  it  after  coobng  to  24^.  In  consequence  of  the  tendency 
of  the  alcohol  to  decompose  the  acid  salt  into  the  neutral  salt  and  stearic  add,  the  por- 
tion which  remains  dissolved  contains  a  salt  richer  in  stearic  acid  than  the  crystalbsed 
salt.  When  the  acid  stearate  is  dissolved  in  boiling  aqueous  alcohol,  and  the  solution 
is  mixed  drop  by  drop  with  infusion  of  blue  litmus,  the  liquid  is  ultimately  reddened 
by  the  excess  of  acid  in  the  salt ;  but  on  adding  a  latter  quantity  of  water,  which 
precipitates  a  hyperadd  salt^  and  sets  free  a  certain  quantity  of  alkali,  the  blue  colour 
li  restored. 

y.  Hyperacid  saH,  C»«H»KO«  3C'"H'«0*  (?).— -Produced  when  the  add  salt  0  is 
decomposed  by  boiling  water.  It  melts  in  boiling  water,  and  solidifies  on  cooling ; 
swells  up  in  cold  water.  When  dissolved  in  boiling  alcohol,  it  separates  into  the  add 
■alt  which  is  deposited,  and  stearic  acid  which  remains  dissolved. 

Stearate  of  Silver,  C'*H"*AgO». — Obtained  by  adding  a  solution  of  20  grms. 
of  the  sodium-salt  in  5  or  6  oz.  of  strong  alcohol  to  a  solution  of  12  to  13  grms.  silver- 
nitrate  in  an  equal  quantity  of  alcohol  (Crowder).  Amorphous  white  predpitate, 
very  loose,  and  strongly  electric  when  dry.  Assumes  a  purple  colour  when  exposed  to 
light  in  the  moist  state ;  not  altered  by  light  when  dry.  Insoluble  in  water,  alcohol, 
and  ether,  easily  soluble  in  aqueous  ammonia. 

Stearatea  of  Sodium.—a.  The  neutral  salt,  C"H«*NaO*,  is  obtained,  like  the 
potassium-salt,  by  treating  a  hot  alcoholic  solution  of  stearic  acid  with  excess  of  sodie 
carbonate,  evaporating  the  solution  to  dryness  with  addition  of  a  little  water,  and 
boiling  the  finely-pulverised  residue  with  absolute  alcohol,  which  leaves  the  sodie 
carbonate  undissolved.  The  hot-filtered  alcoholic  solution  is  then  immediately  mixed 
with  I  of  its  volume  of  hot  water,  whereupon  the  greater  part  of  the  sodic  stearate 
separates  on  cooling  in  the  form  of  a  jelly,  while  the  water  retains  in  solution  the 
small  quantity  of  ^ic  carbonate  still  present  The  sodic  stearate  thus  separated  is 
then  strongly  pressed,  and  dried  between  100^  and  120®. 

Neutral  sodic  stearate  is  very  much  like  the  potassium-salt,  but  harder.  From  a 
hot,  concentrated,  alcoholic  solution  it  separates  as  a  jelly,  which,  on  standing,  is  con- 
verted into  shining  translucent  laminae.  fVands  obtained  it  (from  stearophanic  add) 
in  prismatic  crystals,  havinfi^  a  fine  mother-of-pearl  lustre.  It  is  tasteless  at  first,  but 
after  some  time  produces  a  distinct  alkaline  taste.  It  is  pennanent  in  air ;  in  modaratelj 
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100^,  and  exhatiBting  the  product  with  ether.    Crystallisefl  in  shining  laminae,  whidi 
molt  at  1 00<'.     (C  h  i  o  z  z  a.) 

8TBASXC  BTBBRS.  a.  Stearic  Ethers  cantainina  the  Alcohol-radidea,  OlS^^ 
and  (C-H'")".  Mbthtlic  Stbarate,  or  Methyhtearic  Ether,  C"H"0*«. 
C'»H»»(CH«)0«.  (Lassaigne,  Ann.  Ch.  Pharm.  xiii.  168.)— Produced  by  heating  2 
pta.  mothylic  alcohol  with  2  pta.  sulphuric  acid  and  1  pt  stearic  acid,  or  by  heating 
stearic  acid  with  methylic  alcohol  in  a  sealed  tube  for  a  day.  It  is  a  neutral,  crystal- 
line, semitransparont  mass, insoluble  in  water,  melting  at  86^?  (Lassaigne);  at  38^. 
(Han hart,  Compt.  rend,  xlvii.  230.) 

Ethtlic  Stearatb,  commonly  called  Stearic  Ether,  C^WKH^^O^W^C^yy^. 
(Las  saigne,  loc.  cit. — Redtenbacher,  Ann.  Ch.  Pharm.  xxxv.  61. — Stenhouse, 
iJbid.  xxxvi.  68.— Francis,  if)id.  xlii.  261. — Crowder,  J.  pr.  Chem.  Ivii.  292. — 
Heintz,  Hee  Memoirs  cited,  iii.  1069.— Duffy,  Chem.  Soc.  Qu.  J.  v.  197.— Pebal, 
Ann.  Ch.  Pharm.  xci.  153. — Berthelot, f&w?.  Ixxxriii.  312. — Hanhart,  Compt.  rend. 
xlvii.  230.— Berthelot  and  Fleurien,  Ann.Ch.  Phys.  [3],  Ixrii.  79.)— -This  ether  is 
produced :  1.  By  heating  stearic  acid  with  alcohol  to  200° ;  small  quantities  are  produced 
also  by  heating  the  materials  together  to  100°  for  102  hours  (Berthelot);  or  hj  b<nl- 
ing  stearic  acid  with  alcohol  (Lassaigne). — 2.  Bypassing  hydrochloric  acid  gas  into  an 
alcoholic  solution  of  stearic  acid  (Redtenbacher);  by  heating  alcoholic  stearic  add 
with  acetic  acid  to  100°,  the  whole  of  the  stearic  acid  then  entering  into  combination  in 
102  hours  (Berthelot). — 3.  By  the  action  of  alcohol  on  the  product  formed  by  heating 
stearic  acid  with  pentachloride  of  phosphorus  (Pebal). — i.  By  boiling  tristearin  with  a 
solution  of  sodium  in  absolute  alcohol  (Duffy),  or  by  heating  tristearin  with  small 
quantities  of  alcoholic  potash.     (Bonis,  Compt.  rend.  xlv.  36.) 

Properties. — Ethylic  stearato  is  a  crystalline  mass,  semitransparent,  and  resembling 
white  wax.  Melts  at  33-7°  (Duffy,  Heintz);  at  27°  (Lassaigne);  30°— 31^ 
(Redtenbacher);  31°  (Hanhart);  32°  (Francis);  32-9°  (Pebal);  33-3*» 
(Crowder).  Solidifies  to  a  translucent  mass  (Duffy)  ;  to  a  crystalline  mass,  soft 
at  first,  afterwards  becoming  hard  and  brittle  (Heintz).  Volatilises  a  little  at  the 
heat  of  the  water-bath  (Crowder)  ;  boils  at  224®  with  partial  decomposition,  leaving 
a  residue  of  charcoal  (Duffy).  Tasteless  ;  melta  on  the  tongue,  producing  a  sensation 
of  cold  (^Crowder);  has  a  buttery  taste  (Francis).  Inodorous  in  the  cold;  smells 
faintly  wnen  heat^.     (F  r an  c i  s.) 

It  dissolves  very  easily  in  ateohol  and  in  ether,  and  crystallises  from  alcohol,  but  not 
from  ether.     (D  u  f  f  y.) 

Decompositions. — 1.  For  the  decomposition  by  heat,  see  above. — 2.  By  water  at 
100®,  it  18  partially  resolved  in  102  hours  into  alcohol  and  stearic  acid,  more  abun- 
dantly by  a  mixture  of  1  vol.  acetic  acid  and  2  to  3  vols,  water,  the  latter  reaction  taking 
place  without  any  formation  of  acetic  ether  (Berthelot). — 3.  Fuming  hydrochloric 
acid  at  100°  converts  it  in  106  hours  into  chloride  of  ethyl  and  stearic  acid  (Berthe- 
lot).— 4.  It  is  decomposed  by  alcoholic  but  not  by  aqueous  potash  (Duffy). — 
6.  Anhydrous  baryta  lieated  with  the  ether  to  200°  m  a  sealed  tube,  decomposes  it 
completely,  and  the  product  heated  with  water  yields  alcoholate  and  stearate  of  barium : 

2C«'n«0«  +   2Ba''0  »  C^H'^Ba^O*  +   C^H^Ba^Q'. 

These  are  the  only  products;  no  ethylic  ether  is  formed  (Berthelotand Fleurien). 
— 6.  Heated  to  100°  with  glycerin,  it  does  not  yield  stearin,  even  in  presence  of 
hydrochloric  acid.     (Berthelot.) 

Ethtlenic  Stearate,  C~H'W+(^]^*!P)*|0«   (Wurtz,  Ann.    Ch.  Phys. 

[3],  Iv.  436).  Glycolic  Bistearate.  Glycol  disteariqve.—ObXsimedL  by  the  action  of 
bromide  of  ethylene  on  stearate  of  silver.  The  product  is  exhausted  with  ether,  the 
ethereal  solution  treated  with  potassic  hydrate,  and  the  filtrate  left  to  evaporate.  It 
forms  light  shining  lamina,  melting  at  76°  and  resembling  tristearin. 

Amtlic  Steaeatb,  C«H<«0»  «  C"H«XC»H")0.— Obtained  by  heating  stearic 
acid  with  amyhc  alcohol  to  200°  in  a  sealed  tube  for  a  day ;  or  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  the  acid  in  amvlic  alcohol,  or  by  boiling  tri- 
stearin with  a  solution  of  sodium  in  amylic  alcohol.  It  is  a  neutral,  soft  viscous, 
transparent  mass,  melting  at  25-6°  (Duffy);  at  26°  (Hanhart).  It  is  decom- 
posed by  alcoholic  but  not  by  aqueous  potash ;  dissolves  slightly  in  alcohol,  the 
solution  solidifying  to  a  jelly.    The  ethereal  solution  does  not  yield  crystals 

OcTTLio  Steabatb,  C"H«0«  «  C-H»(C-H«»)0«.— Obtained  by  heating 
stearic  acid  with  octyhc  alcohol  to  200^  in  a  scaled  tube  for  a  day.  It  ii*  colourleai 
inodorous,  tasteless,  neutral, and  melts  at  46°.     (Hanhart, /ocr.  c/^.)  ' 
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iia  AOXB.  C**H*«0*.  (Oudemanni,  J.  pr.  Chfim.  Izzzix.  103.)— 
An  add  isomeric  with  oleic  acid,  obtahied  by  heating  bromostearate  of  ailTer  with  water. 
It  is  an  amorphous  mass,  resembling  the  soft  animal  fats ;  has  a  peculiar  faint  odonr, 
melts  at  35°,  and  distils  unchanged.  It  dissolves  in  alcohol  more  easily  than  elaidic 
acid,  and  does  not  crystallise  &om  the  solution.  With  the  alkalis  it  forma  aoaps^  the 
alcoholic  solutions  of  which  give  precipitates  with  metallic  salts. 

MTMAMXNU*  Glyceric  Stearates,  SUarates  of  Glyceryl, — Stearic  ethers  formed 
ftom  glycerin,  (CH*)**'.!!*.©*,  by  the  replacement  of  },  },  or  the  whole  of  the  typic 
hydrogen  by  the  monatomic  radicle  stearyL  They  may  all  be  produced  artiAcially, 
by  heating  stearic  acid  with  glycerin ;  tristearin  is  also  a  constituent  of  moat  of  the 
more  solid  fats  of  the  animal  and  Tegetable  organisms. 

MoNOSTKABiK,  C«»H*«0«  -  C»«H»*0>0«.    (Berthelot,  Ann.  Ch.  Phys.  [8]  xli. 

221 A-— Prepared  by  heating  a  mixture  of  equal  parts  of  stearic  acid  and  glycerin  to 
200^  in  a  sealed  tube  for  36  hours,  then  leaving  it  to  cool.  On  opening  the  tube,  there 
is  found  floating  on  the  excess  of  glycerin,  a  solid  layer,  containing  monostearin  and 
un^mbined  stearic  acid.  This  layer  is  melted,  mixed  with  a  small  quantity  of  ether, 
then  with  slsJced  lime,  and  heated  to  130^  for  a  quarter  of  an  hour,  whereby  the  stearic 
acid  is  made  to  unite  with  lime.  The  monostearin  is  separated  by  exhaustion  with 
ether  and  spontaneous  evaporation. 

Monostearin  forms  very  small  white  needles,  aggregated  in  roundish  grains,  melting 
at  61°,  and  solidifying  at  60°  to  a  hard,  friable,  waxy  mass.  It  is  neutral  in  alcoholic 
solution;  volatilises  without  decomposition  in  a  vacuum.  Very  slightly  soluble  in 
pold  ^ther, 

Idonoetearin  decomposes  when  heated  in  a  tube,  with  formation  of  acrolein.  When 
it  is  heated  on  platinum-foil,  a  portion  evaporates,  while  the  rest  turns  yellow,  and 
hufUB  with  a  white  very  luminous  flame.  Heated  with  fuming  hydrochloric  acid 
to  100°  in  a  sealed  tube  for  llO  hours,  it  is  almost  wholly  resolved  into  glycerin 
and  stearic  acid.  A  trace  of  a  neutral  chlorinated  liquid  is  rormed  at  the  same  time. 
Monostearin  is  decomposed  by  heating  for  some  hours  to  100°  with  moist  protoxids 
qf  lead,  yielding  nearly  26  per  cent,  glycerin  (calc  26-66  p.  c.  C*H*0*).  It  is  not 
decomposed  by  heating  to  100°  for  26  hours  with  alcoholic  acetic  acid. 

DxsTBABiK,  C»H"0»  -  (C"H"0)70«.  (Berthelot,  fcc.  «<.>— Obtained :  1.  'Bj 

H       3 

heating  monostearin  with  3  pts.  of  stearic  acid  to  260°  for  three  hours. — 2.  By  heating 
stearic  acid  with  an  equal  quantity  of  glycerin  to  100°  for  114  hours;  or  to  276°  for 
seven  hours. — 3.  By  heating  the  stearin  of  natural  fats  wiUi  excess  of  glycerin  to  200° 
for  22  hours.  Separated  like  monostearin.  It  forms  white  microscopic  laminsB,  which 
melt  at  68°,  and  solidify,  like  monostearin,  at  66°.  Obtained  in  needles  by 
spontaneous  evaporation  from  ether.  Neutral ;  decomposible  by  moist  oxide  of  lead 
91 100°. 

TBi8TBAniif,C*'H"*0«  »  ,^^i*^^Jo».  StiarineoTSuhsUineeffrasu of  ChevmL 

Suif  ahsolu  of  Braconnot.  Tafgfeit.  (Chevreul,  Recherchea  9ur  lea  corpa  gras. — 
Braconnot,  Ann.  Chim.  xciii.  226.*— A.  Vogel,  ibid,  Iviii.  164. — Lecanu,  Ann.  Ch. 
Pharm.  xii.  26. — ^Liebi^  and  Pelouzp,  ibid,  xix.  264. — Redtenbacher,  ibid,  xxxv. 
196. — Francis,  ibid,  xlii.  264. — Arzbacher,  ibid,  Ixx.  239. — Heintz,  see  Memoirs 
already  cited  (iii.  1069).— Duffy,  Chem.  Soc.  Qu.  J.  v.  197,  303.— Berth  el  ot»  Ann. 
Ch.  Phys.  [8]  xii.  216,  432 ;  xlvii.  297 ;  also  Chimin  oraanique,  ii.  62  ei,  seq.— 
H.  Kopp,  Ann.  Ch.  Pharm.  xciii.  194. — Bonis,  Comptreni  xlv.  36;  Jahresb.  1867, 
p^67.-^ouis  and  Pimentel,  Compt  rend.  xliv.  1356;  Jahresb.  1867,  p.  366— 
Gm.  xvii.  118.)— TJiis  compound  was  first  prepared,  though  in  an  impure  state,  by 
Chevreul ;  purer  by  Braconnot.  Berthelot's  researdies  have  demonstrated  the  identity 
of  the  stearin  of  natural  fats  with  tristearin.  It  occurs  in  many  fata,  especially  in  the 
(K>lid  tallows  and  lards  of  the  anipial  kingdom  (t).  413).— The  si^arovhanin  of  Francis 
is  also  resolved  by  saponification  into  stearic  acia  and  glycerin,  but  dmers  widely  from 
tristearin  in  its  meltingrpoint  (p.  426). 

Preparation, — Monostearin  is  heated  for  three  hours  with  16  to  20  times  its  weight 
pf  stearic  acid  to  270°  in  a  sealed  tube,  and  the  product  is  purified  in  the  same  manner 
fks  piopostearin  (Berthelot).  Heintz  (Ann.  Ch.  Pharm.  xcii.  300)  heats  stearic  acid 
with  glycerin  to  200°  for  24  hours,  in  a  sealed  tube  filled  with  carbonic  anhydride; 
^he  tube  is  then  opened ;  the  glycerin  decanted ;  the  free  stearic  acid  removed  by 
treatment  wiUi  ether  and  lime ;  and  the  masp  of  glycerides  dissolved  out  by  boilinff 
ether.  The  inixture  thus  obtaine4  alr^y  contains  monoetiBarin,  and  may  be  cooTerted 
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BoHdi^Dg-point  before  the  mass  becomes  solid,  bnt  rises  again  during  solidification 
to  44^  (Chevreul),  64^  (Lecanu);  it  forms  a  semitransparent  mass,  haiing  an 
eren  surface,  the  central  part  of  which  ultimately  solidifies  in  radiated  crystaU. 
(Chevreul.) 
The  percentage  composition  of  tristearin  is  as  follows : — 

Calculated.  Cbevreul.  Leoinu.  LIcbIg  and  Peloose. 

C*»      .        .         .684            76-86            77*7  76-91  74-62  to  76-09 

H"«    .        .        .110            12-36            11-8  12-39  12-39  „  12-32 

0*       .         .         .     ^            10-79             10-6  10-70             _ 

C*'J1'»»U«  890  10000  100-00  10000 

ArsLacber.                           Duffy.                                    Hefnti.  B«rtbeloC. 

^^ * •  ' * . 

C  .        .        .     76-51        77%2        76-32        76-87        76-74        76-60         75*8 
H  .         .         .     12-28         12-30         12-32         12-20         1242         1241  12-4 

O  .         .         .     11-21         1068         11-36         10-93         1084         1109  11-8 

10000       10000       10000       100-00       100-00       100-00       100-0 

Berthelot  analysed  artificially-prepared  tristearin.  The  stearin  of  beef-suet  contains, 
according  to  Arzbacher,  78*74  per  cent  C ;  but  Heintz  (6)  and  Thiffy  (<?)  found  it^  to 
have  the  same  composition  as  that  from  mutton-suet.  Jhdfy  examined  stearin  melting 
(a)  at  62-6°  and  {b)  at  69*7°.  The  formula  of  tristearin  was  deduced  by  Berthelot  fipom 
the  combining  proportions  of  glycerin  with  acids  (EruEna,  ii.  619;  Gltcbridbs,  ii.  877X 
Dufiy  having  previously  shown  that  in  the  formation  of  1  at.  stearic  acid  from  stearin 
1  at.  carbon  is  eliminated.  Berthelot*s  formula  alone  explains  how,  in  the  saponifica- 
tion of  stearin,  the  undermentioned  amounts  of  glycerin  and  acid  are  produced. 

Stearin  is  not  perceptibly  soluble  in  alcohol  of  30°  B.,  nor  even  in  alcohol  of  97  per 
cent,  in  the  cold ;  it  dissolves  abundantly  in  hot  alcohol,  and  sepiurates  in  flocks  on 
cooling  (Lecanu).  100  pts.  of  boiling  alcohol,  of  specific  gravity  0-796,  dissolve 
16-04  to  16-07  pis.  of  Chevreul's  tallow-fat  from  mutton-suet;  16-48  pts,  of  that 
from  beef-suet;  18*26  £rom  hog*s-lard;  and  36  from  goose-fat  100  pts.  of  boiling 
alcohol  of  specific  gravity  0806, dissolve  6-63  pts.  of  tallow-fat;  100 pts. of  specific 
gravity  0-822  dissolve  1-46  of  the  tallow-fat  of  butter,  which  is  deposited  cdmost  entirely 
on  cooling  (Chevreul).  Stearin  precipitated  from  an  alcoholic  solution  retains  akohd 
even  after  prolonged  fusion.    (S  a  u  s  s u r e.) 

Stearin  oissolves  very  freely  in  boiling  ether,  which  retains  ^th.  on  cooling  (Lecanu). 
It  dissolves  in  hot  acetone  more  freely  than  in  cold,  and  is  precipitated  on  cooling,  or 
by  the  addition  of  water  (Chenevix).  It  is  easily  soluble  in  volatile  oils,  and  mixes 
with  melted  camphor,  and  with  drying  and  oil-fat.  A  solution  of  1  pt  of  stearin  in 
160  pts.  almond-oil  deposits  white  flocks  of  stearin  when  mixed  with  170  pts.  of 
ether ;  it  is  therefore  not  rendered  more  soluble  in  ether  by  admixture  with  a  fatty  oiL 
(Lecanu.) 

Decompositions. — 1.  Stearin  yields  by  dry  distillation  the  products  of  decompositicgi  of 
stearic  acid  and  of  glycerin — viz.,  carbonic  anhydride,  gaseous  and  liquid  hydrocarbons, 
acrolein,  acetic  acid,  water,  and  free  carbon ;  part  of  it,  however,  passes  over  unaltered. 
The  hydrocarbons  boil  between  190°  and  246°,  and  are  polymeric  with  ethylene 
(Gerhardt). — 2.  Pure  stearin  does  not  alter  by  exposure  to  the  air,  and  impure 
stearin  probably  turns  rancid  only  when  it  contains  olein  or  drying  oil.    (Chevreul.) 

3.  Trist-earin  is  easily  saponified  by  alkalis,  lead-oxide,  and  oUier  bases,  yielding 
stearic  acid  (melting  at  70°)  and  glycerin,  1  at  of  pure  tristearin  yielding  3  at  stearic 
acid,  and  1  at.  glycerin  : 

Pure  tristearin  from  Brindonia  indica  yielded  95*7  per  cent,  stearic  acid ;  artificial 
stearin  yielded  96*6  per  cent  stearic  acid,  and  102  glycerin  dried  in  vacuo  (Heintz): 
the  quantities  required  by  calculation  are  95-7  stearic  acid,  and  10-3  glycerin;  the 
purity  of  the  substance  and  the  correctness  of  the  formula  are  therefore  f^y  proved. 

^  4.  A  solution  of  sodium-ethylate  in  absolute  alcohol  decomposes  stearin  when  heated, 
yielding  sodic  and  ethylic  stearate,  together  with  glycerin:  in  like  manner,  with 
Sffdium-amylate,  it  yields  amylic  stearate  (p.  421). 

6.  A  solution  of  dry  ammonia-gas  in  absolute  alcohol  does  not  act  on  stearin,  even 
after  prolonged  boiling. 

6.  Bromine  and  chlorine  decompose  stearin,  forming  substitution-products,  which  are 
softer  and  more  soluble  than  stearin  itself.  The  chlorine-compound  contains  21*2  per 
cent  chlorine;  the  bromine-compound  369  bromine.    (Lefort,  J.  Fhann.  [8], 
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The  g^jeeride  oliUiiied  £pom 
with  tristearin  in  nearij  all  iu  properties,  bat  wae  Ibaad  by  Fi 
much  lover  temperature,  yiz.  at  Z6^  to  3d^,  doobtleM  in  e 
of  UtM  of  lower  melting-point. 

ff*f  ^^^^"*—  —     The  mote  aolid  eonatitiieiits of  iwintial  oik.    (See  Oils, 
iT.  184.) 

STBAJUnX.    Weltzien*!  name  for  the    hTdroearbon  CH*,  wliidi    maj  be 

■opposed  to  exist  'n  stearone,  rcigarding  it  as  (C**H*/0. 

C**H«K).— The  radicle  of  stearic  acid,  &e. 
r.    8jn.  with  CnxBBOTB  (i.  8dOX 

•TSATITMi    A  mineralogical  term  nsed  sjrnonymoiislj,  sometiBes  with  8oaf- 

irrovB  (p.  324),  sometimes  with  Tajlc  (^.r.). 

STBATOXO.    A  name  applied  to  serpentine    occnning  in  paendnmomhs    at 

Bnarum  in  Norway. 

•TBS&.  Acier,  Siahl. — ^The  particiilar  kind  of  metallic  iron  to  which  tliia  name  is 
applied  possesses  characters  which  render  it  to  some  extent  intermediate  between  cast- 
iron  and  what  is  commonly  known  as  malleable  iron,  while  it  is  distingoiahad  fiom 
both  by  the  capability  of  acquiring  rery  considerable  hardness  when  heated  and  avd- 
denlv  cooled,  and  of  becoming  soft  again  when  heated  and  allowed  to  eool  aloviy. 
Steel  is  generally  hardened  by  plunging  it  while  hot  into  water,  oil,  meicnir,  or  some 
other  liquid.  Toe  greater  the  redaction  of  temperature,  and  the  more  lapidlj  it  takes 
place,  the  greater  is  the  degree  of  hardness  produced.  Steel  raised  to  a  white  heat 
and  then  immersed  in  cold  mercury,  acquires  a  degree  of  hardness  nearly  equal  to  Uiat 
of  the  hardest  white  cast-iron,  or  even  of  diamond.  It  is  then  also  extremely  brittle.  By 
heating  such  hardened  steel  again,  and  allowing  it  to  cool  gradually,  it  becomes  softer  and 
less  brittle.  It  is  in  rirtue  of  this  capability,  which  is  one  of  the  most  distinctire  charac* 
ters  of  steel,  that  rarious  d4>^Tees  of  hardness  may  be  communicated  to  it,  by  regulat- 
ing the  temperature  to  which  the  hardened  metal  is  heated  before  being  allowed  to 
eool  gradually,  or  to  which  the  soft  metal  is  heated  before  being  suddenly  cooled. 
Steel  tools  and  instruments  are  made  and  finished  while  the  metal  is  in  the  soft  state, 
•nd  the  requisite  degree  of  hardness  is  given  to  them  as  above  described.  This 
operation  is  called  tempering  {tremper ;  anfassen).  The  degrees  to  which  the  metal 
requires  to  be  heated,  m  order  to  acquire  different  degrees  of  hardness,  are  indicated 
by  the  colours  which  it  assumes  when  heated,  and  which  are  due  to  the  formation  of 
an  extremely  thin  film  of  oxide  on  the  surface.    They  are  as  follows : — 

[Temprraiure.  (Mour, 

220^0.  •  Faint  yellow  •.  .    for  surgical  instruments. 

[              230      .  •  Straw-Bellow  .  .    for  razors,  penknives,  &c 

266      •  •  Brownish-yellow  .    for  scissors,  hard  chisels. 

266      •  t  Purple  spots  .  .    for  axes,  knives. 

277      •  •  Purple       .  •  .for  table-knivee. 

288      .  •  Pale-blue  .  .  .for  sword-blades,  watch-springs. 

293      •  •  Dark-blue  •  •    for  fine  saws,  Ixning  tools. 

816      •  .  Blackish-blue  •    for  hand-saws. 

The  distinction  between  steel  and  cast-iron  or  malleable  iron  is  not  by  any  means 
absolute,  but  consists  rather  in  the  de^pree  to  which  considerable  hardness,  or  the 
capability  of  acquiring  that  character,  is  associated  with  tenacity  and  malleability. 
Accordingly,  there  are  numerous  varieties  of  steel  approximating  more  or  less  to  cast- 
iron  or  to  malleable  iron.  Together  with  such  differences  in  the  nature  and  qualiti<« 
of  steel,  it  has  generally  been  found  that  there  are  corresponding  differences  in  the 
amount  of  carbon  the  metal  contains ;  the  closer  the  approximation  to  maUeable  iron, 
the  smaller  is  the  amount  of  carbon  in  the  motal,  and  the  reverse.  When  the  amotmt 
of  carbon  is  less  than  about  0*66  per  cent.,  the  capability  of  being  tempered  is  either 
wanting  or  very  slight.  When  it  amounts  to  1*75  per  cent.,  the  metal  is  capable  of 
being  made  very  hard,  but  its  tenacity  is  much  reduced.  The  capability  of  being 
hardened  and  tempered  is  combined  with  the  maximum  tenacity  when  tJie  carbon 
amounts  to  about  1*5  per  cent.  The  opinion  that  these  characters  of  steel  are  inti- 
mately connected  with  the  amount  of  carbon  it  contains  has  long  been  entertained ; 
but  it  is  still  uncertain  in  what  manner  these  facts  are  related. 

Among  the  various  substances  which  are  frequently  present  in  metallic  iron  as 
impurities,  those  which  appear  to  be  most  prejudicial  to  uie  quality  of  steel  are  sulphur 
KnapkoMphonts, 

The  fact  that  certain  iron-ores  containing  manganen  are  especially  suitable  for  the 
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method,  to  hare  at  command  caflt-iron  of  good  quality,  and  free  from  Bnlphor  and 
phosphonus  which  are  so  prejudicial  to  the  quality  of  steel,  and  are  not  eliminated  in 
the  process  of  conversion,  but  are  rather  relatively  increased  in  amount  in  the  product 
obtamed  by  the  Bessemer  method,  when  they  are  contained  in  the  pig-iron  operated 
upon.  The  growing  importance  of  this  method,  and  the  rapid  application  of  steel  to 
new  purposes,  for  which  iron  has  hitherto  been  used,  render  it  extremely  deairabla 
that  a  mode  should  be  devised  of  smelting  iron-ores,  so  as  to  prevent  these  deleterioos 
substances  from  being  retained  in  the  pig-iron,  or  that  some  meana  of  effecting  their 
separation  should  be  discovered.  B.  H.  P. 

Syn.  with  Dichboitb. 

rXTB.  The  name  applied  by  Zippe  to  a  mineral  from  Przibram 
in  Bohemia,  containing  the  sulphides  of  lead  and  antimony.  It  is,  however,  only  galena 
contaminated  with  accidental  admixtures. 

Syn.  with  PacrouTB. 

Brittle  SUoer-ore.  Brittle  SUver-glanee,  Black  Silver.  Brittle 
Bulphuret  of  Silver.  Sprodglaeerz.  Sprodglanzerz. — A  sulphantimonite  of  silTer 
occurring  in  trimetric  prisms,  homoeomorphous  with  arragonite.  Observed  combina- 
tions: of .  ooP  .  oofoo,  P  .  2^00.  Angle  ooP:  ooP  »  115°  39'.  Batio  of  axae 
a  :  6  :  c  a  1  :  1-5844  :  1*0897.  Cleavage  imperfect.  Parallel  to  2Poo  and 
ool^oo .  Twins  are  frequent,  with  plane  of  composition  ooP.  The  mineral  alao  ooeora 
massive,  compact,  and  disseminated.  Hardness  »  2  to  2*5.  Specific  gravity  »  6*299. 
Lustre  metallic.  Colour  and  streak  iron-black.  Fracture  uneven.  SectUe.  Heated 
in  an  open  tube,  it  melts  and  yields  a  sublimate  of  antimonious  oxide,  sometimes  mixed 
with  arsenious  oxide.  Before  the  blowpipe  on  charcoal  it  fuses  somewhat  readily, 
sometimes  emitting  an  arsenical  odour,  to  a  dark-grey  bead,  which  when  heated  in  the 
reducing  flame,  either  alone  or  with  soda,  yields  a  button  of  silver.  It  dissolves  easily 
in  warm  nitric  acid,  with  separation  of  sulphur  and  oxide  of  antimony. 

Analyeea:  a.  From Schemnits  (H.  Rose,  Pofi;g.  Ann.  xt.  474). — b,  YtoiOi  Andreas- 
berg  (^erl,  Berg-  u.  hiittenm.  Zntung,  1853,  No.  2) : 

8.  8b.  Af.  Fe.  Cu. 

a.  16-42         14-68        68-64        .      .        0*64     -     10028 
h.  16-51         15-79        68-38        014        .      .     »     10082 

These  analyses  may  be  represented  by  the  formula  OAg^.Sb'S*,  requiring  15'6  per 
cent,  sulphur,  14-0  antimony,  and  70-4  silver. 

Stephanite  is  a  valuable  ore  of  silver,  occurring  in  veins  with  other  silvei^res  at 
Freibere,  Schneeberg,  and  Johanngeorgenstadt  in  Saxony,  at  Przibram  and  Ki^ebor- 
xitz  in  Bohemia,  at  Schenmita  and ICremnitz  in  Hungary,  at  Andreasberg  in  the  Harti^ 
at  Zacatecas  in  Mexico,  and  in  Peru.     (Dana,  ii  86.) 

BTBACOXITB.  Herapath's  name  for  sodio-ammonio-hydric  phosphate, 
Na(NH*)HP0<.4aq.,  found  in  the  guano  of  Ichaboe  (iv.  581). 

■TSSV8HROITS.  A  sulphide  of  silver  and  iron,  occurring  at  Joachimsthal  in 
Bohemia,  and  at  Schneeberg  and  Johanngeorgenstadt  in  Saxony,  in  tabular  orthorhom- 
bic  crystals,  conmionly  implanted,  and  forming  rose-like  or  fan-like  aggregations. 
Angle oeP  :  00P-II90  30';  oP  :  Poo  =12lo  49*.  Axes:  a  :  A  :  <?=1 :  1*7145  :  14879. 
Crystals  sometimes  compound,  parallel  to  ooP.  Cleavage  perfect,  parallel  to  the  base. 
The  mineral  is  opaque,  has  a  dark  pinchbeck-brown  colour,  occasionally  with  a  bluish- 
violet  tarnish,  and  a  semimetallic  lustre ;  flexible  in  thin  laminae ;  very  sectile  ; 
leaves  traces  on  paper  like  plumbago.  Hardness  «>  1  to  1*5.  Specific  g^vitys=4'2  to 
4-25.  Before  the  blowpipe  on  charcoal  it  melts,  with  evolution  of  sulphurous  anhy- 
dride, to  a  magnetic  globule  covered  with  silver ;  with  borax  it  yields  a  globule  of  sil- 
ver, and  a  glass  coloured  by  iron.  It  dissolves  in  nitromuriatic  acid  with  separation 
of  sulphur.  Contains,  according  to  Zippe  (Pogg.  Ann.  xxvii.  690),  33*2  per  cent, 
silver,    36-0    iron,  and    30-0  sulphur,   agreeing   approximately  with    the   formula 

(JAg«S.|Fe''S)'.ft*S",  which  requires  3418  per  cent  silver,  35-44  iron,  and  80-38 
Sulphur. 

8TBTKA&,  or   BTJBTHKJUC     AX1COBO&.     C"H»0  »   C>'H»  H.O.— The 

alcohol  of  the  series  C"H*"'^'0,  corresponding  to  stearic  acid.  It  has  not  been  obtained 
in  the  separate  state,  but  occurs  in  spermaceti,  together  with  ethal  or  cetylic  alcohol 
(C"H"«0),  methal  (C'*H»OX  and  lethal  (C'«H»»0).  All  these  alcohols  are  separated 
toffether  from  the  &tty  acids  of  spermaceti,  when  that  substance  is  saponified  by  aloo- 
hmic  potash,  in  the  manner  described  under  Ckttuc  Alcohol  (i.  841),  the  ethal 
forming  by  far  the  largest  portion  of  the  alcoholic  mixture.  The  presence  of  these 
several  aloohols  is  manifested  by  their  behavionr  with  potash-lime,  by  which  thej  are 
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ooP:  ooP  «  63O30';oP:  ooP-lOO®;  ooP :  ooPoo   »  n6^46';oV:  ooP  oo   -*  IIZ^^. 

Tho  crystals  are  commonly  joined  together  by  the  acute  angles  of  th©  rhombnsee. 
Stilbene  is  very  slightly  soluble  in  cold,  bnt  moderately  soluble  in  boiling  alcohol, 
more  soluble  in  ether.  It  melts  at  a  few  degrees  above  100^,  boils  at  about  292^,  and 
distils  without  alteration.     Vapour-density  «  8*4. 

Stilbene  dissolves  in  warm  fuming  sulphuric  acid,  and  the  solution  saturated  with 
baryta  yields  a  soluble  barium-salt  of  a  conjugated  acid.  Stilbene  is  not  decomposed 
by  dilute  chromic  acid^  but  the  concentrated  acid  decomposes  it  with  violence  when 
heated  with  it,  converting  it  into  benzoic  hydride.  With  boiling  nitrie  acid  it 
yields  several  products,  among  which  are  nitro stilbene,  C'*H"NO* — which  is  a 
vellow  resinous  substance, — and  nitrostilbic  acid,  a  yellowish  powder  nearly 
insoluble  in  water,  soluble  in  alcohol,  still  more  in  ether,  and  apparently  consisting  of 
C»<H»(N0«)0*.2aq. 

When  chlorine-gas  is  passed  over  fused  stilbene,  two  isomeric  compounds  are 
formed,  viz.  chloride  of  stilbyl  and  hydrogen,  C"H"C1.HC1,  and  chloride  of  stilbene, 
C**H"CP  (a  and  /3  chloride  of  stilbyl,  according  to  Laurent).  Both  these  compounds 
are  crystalline ;  one  of  them  is  sparingly  insoluble  in  ether,  and  nearly  soluble  in  boiling 
alcohol ;  the  other  is  easily  soluble  in  alcohol,  still  more  easily  in  ether.  Both  are 
resolved  by  alcoholic  potash  into  two  isomeric  chlorides  of  stilbyl,  or  chlorostilbenea, 
C'*H"C1  (a  and  i3  chlorostilbase,  according  to  Laurent),  with  simultaneous  formation  of 
chloride  of  potassium. 

The  ckloroatUbenea  a  and  /3  unite  directly  with  2  at  bromine,  forming  two  isomeric 
compounds,  C'*H"ClBr',  or  perhaps  C'*H"'Br*.HCl,  which  dissolve  in  ether,  and 
crystallise  therefrom. 

When  stilbene  is  subjected  to  the  prolonged  action  of  chlorine,  hydrochloric  acid  is 
evolved,  and  trichloride  of  at'dhyl,  C"H"C1»,  or  dichlorids  of  chloroatUhene,  C»<H>»CLCl*. 
is  produced. 

When  bromine  is  poured  upon  stilbene,  a  white  powder  insoluble  in  ether  is  formed, 
consisting  of  bromide  of  stUbene^  C"H**Br*,  or  bromide  of  BtHb^l  and  kydroaen, 
C"H"Br.HBr. 

BTZlLBBirs,  OXZBB  OF.  Laurent  regarded  benzoic  hydride  (bitter-almond 
oil)  as  the  oxide  of  stilbene,  C^H'.O. 

STIXBlSirg,  PS&OXZBB  OF.    Syn.  with  Stilbous  Acid. 

STZ^BBVB,  SUXPBZBB  OF.    Syn.  with  Hydride  of  Sulfhobsnzotl  (i.  571). 

STZJbBBSE,  VBBOXSBB  OF.    Syn.  with  Sttlbesic  Acid. 

8TZ1LBB8ZC  ACZB.  Acide  StUheseux.  Suroxide  de  Stilb^u.  (Laurent,  J.  pr. 
Chcm.  XXXV.  430. — ^Laurent  and  Gerhard  t,  Compt.  chim.  1850,  p.  117.) — A  product 
obtained  by  treating  crude  bitter-almond  oil  (containing  prussic  acid)  with  chlonne-gaa, 
assisting  the  action  by  heat  towards  the  end.  The  whole  then  solidifies,  on  cooling,  to 
a  crystalline  mixture  of  benzoic  acid,  stilbesic  acid,  a  body  crystallising  in  needles, 
and  chloride  of  benzoyl ;  and  if  the  chloride  of  benzoyl  be  allowed  to  drain  on  s 
funnel  stopped  with  pounded  glass,  the  mass  pressed  between  paper,  and  treated 
with  ether-alcohol,  stilbesic  acid  remains  behind,  and  may  be  crystauised  by  solution 
in  boiling  ether  and  spontaneous  evaporation.  It  crystallises  in  monoclinic  prisms, 
very  slightly  soluble  in  alcohol  and  ether,  melting  at  105^,  and  containing  71*60  per  cent, 
carbon,  and  4*33  per  cent,  hydrogen.  Its  solution  in  alcoholic  ammonia  yields,  wiUi  silver- 
nitrate  at  the  boiling  heat,  scales  containing  48*7  per  cent^  silver.  Hence  Jjaurent 
deduced  for  the  acid  the  formula  C^W*0\  and  for  the  silver-salt  C^B*Ag*0';  but 
its  composition  is  very  doubtful. 

8TZ&BZC  AOZB.    Syn.  with  BsmiLic  Acid  (i.  546). 

8TZ&BZ&ZC  or  8TZ&BZZ1OV8  AOZB.    Syn.  with  Stilbous  Acid. 

Syn.  with  Stildknb. 

Heulandite,  Foliated  Zeolite^  Euseolite.  A  hydrated  calcio-aluminic 
silicate,  occurring  in    monoclinic    crystals,  which  exhibit  the  combination  [  ooPoo  ] 

ooPoo .  +  2Poo .  —  2Poo  .  odP  .  oP  —  P  .  [Poo  ] ;  tabular  from  predominance  of 
[ooPoo].    Ratioof  axes  a:  6:  c  «  2-4785  :  1  :  1066.     Angle  6  :  c  =  88°  36' ;    ooP  : 

ooP  »  136^4';  oP  :  [Poo]  »  \6&^  46'.  Cleavage  perfect,  parallel  to  the  clino- 
diagonal.  The  mineral  occurs  also  in  globular  forms,  and  granular.  Hardness  » 
3*5  to  4*0.  Specific  gravity  «  2*1  to  2*2.  Lustre  of  [  ooPoo  ]  pearly,  of  other  faces 
vitreous.  Colour  various  shades  of  white,  passing  into  red,  grey,  and  brown.  Streak 
white.  Transparent  to  subtranslucent.  Fracture  subconchoi'dal  to  uneven.  Brittle. 
Before  the  blowpipe  it  intumesces,  melts,  and  becomes  phosphorescent.  Dissolves  in 
hydrochloric  acid,  yielding  slimy  silica,  but  without  gelatinising. 
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Analvses. — a.  Faroe  Islandi  (Thomson,  Outlines,  i.  347).— 6.  IcelAnd(R  a  mm  els- 
berg,  Afineralehemiey  Ta.  826). — c. Iceland  (Dam our,  Ann.  IMjn.  ir.  x.  207).— <^.  Bcm- 
Qord,  Iceland:  ciystiillised ;  spedfic gravitj  «  2'175  (Waltershausen,  Vulk.  Gest. 
p.  252). — e,  Nerbodda  Valley,  India:  crystallised  (Ha  ugh  ton,  Jahresb.  1867,  p.  676): 


a. 

b. 

e. 

d. 

e. 

Silica 

5914 

68-2 

59-85 

5890 

56-59 

Alumina 

17-92 

17-6 

1615 

16-81 

15-35 

Lime 

7-66 

7-2 

7-65 

7-38 

5-88 

Magnesia 

0-29 

0-82 

Soda 

•                   •         • 

• 

1-16 

0-57 

145 

Potash 

•                   •        • 

•         • 

0-67 

163 

0-89 

Water 

16-40 

160 

14-33 

14-32 

17-48 

Feme  oxide . 

•     • 

•         • 

990 

•         • 

0-12 
10002 

10011 

99-71 

98-46 

These  analyses  are  not  very  accordant,  but  the  third  and  fourth  may  be  nearly 
represented  by  the  formula  Ca''O.Al'0".6SiO*.5  aq.,  requiring  69-76  per  cent  silica, 
16-61  alumina,  9-06  lime,  and  14-64  water.  According  to  this  formula,  stilbite  is 
very  nearly  related  to  brewsterite  and  epistilbite,  the  three  minerals  being  represented 
by  the  formula  RO.AlK)'.6SiO*  +  5  aq.,  and  the  protoxide,  RO,  consisting,  in  sdlbite,  of 
lime  with  very  little  alkali ;  in  epistilDite,  of  lime  with  a  large  proportion  of  soda ;  and 
in  brewsterite,  of  strontia  and  baryta,  with  a  small  quantity  of  lime. 

Stilbite  occurs  chiefly  in  amygdaloidal  rocks ;  also  in  gneiss,  and  occasionally  in 
metalliferous  veins.  The  finest  specimens  come  from  Iceland  and  the  Faroe  Islands, 
and  from  the  Vendayah  Mountains  in  Hindostan.  Red  varieties  occur  at  Campsie  in 
Stirlingshire,  with  desniin  of  the  same  colour,  and  brown  in  ore-beds  at  Arendal.  It 
also  occurs  in  the  Kilpatrick  HiUs  near  Glasgow,  in  the  Isle  of  Skyo,  in  the  Fassa 
Valley  in  the  Tyrol,  in  the  Hartz,  and  elsewhere ;  abundant  in  the  amygdaloid  of 
Abyssinia ;  occurs  also  at  several  localities  in  North  America.    (Dana,  ii.  331.) 

beaumontite  from  Jones  Falls,  Maryland,  is  regarded  by  Dana  and  others  as 
identical  with  stilbite ;  but  the  analysis  (i.  524)  agrees  more  nearly  with  the  formula 
R"O.Al*0*.8SiO'  +  6  aq. ;  moreover,  according  to  Levy,  the  crystals  belong  to  the 
dimetric  system. 

Besmlii  is  a  hydrated  calcio-aluminic  silicate,  in  which  the  ratio  of  the  lime,  alumina, 
and  silica  is  the  same  as  in  stilbite ;  but  the  proportion  of  water  is  larger,  and  the 
crystals  are  trimetric  It  was  formerly  called  stilbite  (the  mineral  just  described  under 
that  name  being  then  called  hetUandite) ;  also  radiated  zeolite,  foliated  zeolite,  spJutro- 
stilbite,  and  kupostilbite. 

The  aystals  of  deemin  usually  exhibit  the  combination  P  .  ooPoo  .  ooj^oo ,  like 
fy.  263  (Crtstaixoorafht,  ii.  46)^  without  ^oo ,  but  with  oP.  Axes  a:  b:  c  i- 
0-9284 :  1 :  0-7568.  Angle  P :  P  in  the  brachydiagonal  principal  section  -  119^^  15', 
in  Ihe  macrodiagonal  =  114^  0';  in  the  basal  =  96^.  Cleavage  perfect,  parallel  to 
00^00 .  It  frequently  occurs  in  sheath-like  aggregations,  and  in  globular,  divergent, 
and  radiated  forms. 

Hardness  —  3-5  to  4.  Specific  gravity  -*  2*094  to  2-171.  Lustre  pearly  on  the 
faces  00  Poo  and  the  cleavage-faces,  vitreous  on  the  others.  Colour  white,  occasionally 
yellow,  brown,  or  red.  Stroak  uncoloured.  Subtransparent  to  subtranslucent.  Frac- 
ture uneven.  Brittle.  Before  the  blowpipe  it  intumesces,  and  yields  a  milk-white  bead. 
'Vyith  acids  it  vields  slimy  silica,  except  Beudant's  spharostilbite,  which  yields  a  jelly. 

Analyses  of  Desmin  (Rammelsberg's  Mineralchemie,  p.  829^. — a,  Roddjords- 
hamm,  in  Iceland  (Hau/s  stilbite  dod^ahdrs  lamelliforme),  Hi  singer. — b.  jBeru- 
iQord,  Iceland  (R  Weber). — c. Dalsmypen,  FsiioelA^ii&s'. prehnitic stilbite (Retziu-s). 
— d.  Faroe  Islands :  so-called  spkarostilbite  (Beudant). — e,  Gustafsbcog  in  Jemtland 
(Sjogren).—/.  Ilmen  Mountains,  near  Miask :  specific  gravity  ■»  2*19  (Hermann). — 

Andrea sbcov,  in  the  Hartz  (Karl). — h.  Rienthal  on  the  Gotthardstrasse,  Canton 

ri(G.  Leonhar d). — t.  Pangelbei^  near  Nimptsch  in  Silesia  (Z e  1 1  n e r) : 


^ 


«.        b. 

e. 

d. 

e. 

/. 

g' 

k. 

/. 

Silica 

.    580    68-02 

66-76 

65-91 

67-41 

56-31 

66-3 

65*76 

60-27 

Alumina 

,     16-1     14-94 

17-73 

16-61 

16-14 

16-25 

15-9 

18-60 

14-43 

Lime 

9-2      8-33 

4-50 

903 

8-75 

7-66 

7-4 

8-04 

640 

Soda 

1     .    .       •    . 

2-53 

0-68 

•        • 

1-03 

Potash    . 

.     .    .        1-30 

.    . 

.     . 

•        • 

.     . 

0-6 

"Water    . 

.     16-4     17-71 

18*33 

17-84 

16-60 

17-75 

17-6 

1700 

18-60 

Ferric  oxide    , 

•         • 

•         • 

0-25 
99*15 

J -00 
100-00 

1'3 
991 

0-01 
92*30 

*0-21 

99-7  100-30 

99^6 

100-OT 

99-81 

• 

Magnesia. 

Vol.  V. 

FF 
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The  greater  ntiinbor  of  these  analyses  may  be  represented  by  tlio  fbrmnla  Ga'O. 
AlK)*.6SiO' •(•  6  aq.,  requiring  68*09  per  cent  silica,  16*14  alumina,  8*80  lime,  and 
16*97  water. 

Of  different  composition  are : — a.  The  so-called  Hypoatilbite  from  the  Faroe 
Islands  (B cud  ant);  3.  White  and  7.  lied  dcsmin  from  Dumbarton  in  Scotland 
(Thomson): 


SIO*. 

AP()3. 

CaO. 

NatO. 

IPO. 

62-43 

18*32 

8*10 

241 

18-70 

H 

99-96 

64*80 

18*20 

9*83 

•         • 

19-00 

a 

101-83 

62-60 

17*32 

11-62 

•         • 

18-46 

a 

99-79 

DeFroin  occurs  mostly  in  cavities  in  amygdaloid  or  trap.  It  is  found  also  in  some 
metullifcroas  veins,  and  in  granite  and  gneiss.  It  is  abundant  in  the  Faroe  Islands, 
in  Iceland,  and  on  the  Isle  of  Skve  in  trap ;  at  Andreasberg  in  the  Ilarts,  and  at  Kongs- 
l>erg  and  Arendal  in  Norway,  with  iron-ore ;  in  the  Vendayah  Mountains,  Hindostan, 
in  lar^e  translucent  crystals ;  in  fine  crystals,  of  a  brick-red  colour,  in  pofrphyritic 
amygdaloid,  near  Kilpatrick  in  Dumbartonshire,  &o.    (Dana,  ii.  833.) 

8TZ&BOU8  AOIB.  O^^H'^O"  ?  A  compound  formed  by  treating  crude  bitter- 
almond  oil  with  fuming  sulphuric  acid,  or  with  chloride  of  sulphur  (Laurent,  Ann. 
Ch.  Phys.  [2],  Ixv.  193).  When  first  prepared,  it  crystallises  from  ether  or  boiling 
alcohol  in  monoclinic  prisms  ;  but  if  kept  for  some  time  in  the  fused  state,  and  then 
dissolved  in  alcohol,  it  crvst-allises  in  trimetric  prisms.  It  melta  at  860^  ;  is  inaolublo 
in  ammonia ;  is  resolved  \>j  boiling  caustic  potash  into  benzoic  acid  and  bensoic 
hydride ;  but  when  treated  with  very  strong  potash-ley,  unites  with  the  potash,  forming 
a  compound  insoluble  in  strong,  but  soluble  in  dilute  aqueous  potash. 

This  compound  was  originally  regarded  by  Laurentas  hydrate  o/bentoyl,  C**H*O.HO. 
It  is  sometimes  reparded  as  identical  with  benzoate  of  benaoic  hydride  (i.  698), 
formed  from  crude  bitter-almond  oil,  by  the  action  of  moist  chlorine ;  but  the  identity 
of  the  two  products  is  not  satisfactorily  established.  All  these  oompoonda  formed 
from  crude  bitter-almond  oil  require  re-examination :  for  details  respecting  them,  see 
ChnelirCs  Handbook^  xii.  178. 


C"II".    Stilbene  may  be  regarded  as  the  hydride  of  this  radide, 
C'*H".n. 


A  euphorbiaceous  plant,  growing  abundantly  in 

the  valleys  of  Chusan,  the  berries  of  which  yield  the  &t  called  Ckmest  vegetable 
taliow,     Tiiis  fat  appears  to  occur  in  several  varieties. 

a.  Gret>nish-white  ;  molts  at  44*4°;  yields,  by  saponification,  an  add,  which,  after  rs- 
cryfttallisation  from  alcohol,  softens  at  61*7°,  mdts  at  67*8°,  and  forms  a  aQvev-aalt  con- 
taining 27  95  per  cent  silver;  probably  a  mixture  of  palmitic  (maigarie,  according  to 
Thomson  and  Wood)  and  stearic  acids.  (Thomson  and  Woo^  PhiL  Mag.  [3] 
xxiv.  350 ;  J.  pr.  Chera.  xlvii.  239.) 

.  b.  The  commerdal  tallow  forms  a  light  white  mass,  of  spedfic  gravity  0*818  at  12®, 
destitute  of  taste  and  odour  (v.  Borck).  Has  a  faint  odour,  and  turns  brown  on  ex- 
posure to  the  air  (Maskelyne).  Melts  at  37°  (v.  Borck,  Maskelyne),  solidifies 
pirtially  at  32°  (Maskelyne),  30°  (v.  Borck) ;  and  hardens  at  2^  (v.  Borck),  26<^ 
(Maskelyne).  The  tallow  recently  molted  and  cooled  again,  melts  at  44®  ;  by  ex- 
pressing the  more  fusible  portion,  the  melting-point  of  the  residue  may  be  raised  to 
49°  (Maskol  yne).  The  fat  extracted  from  the  husk  by  boiling  alcohol  melt^  at 40^, 
and  after  recrystallisation  at  48^  (v.  Borck).  It  dissolves  in  oil  of  turpentine,  and  in 
coal-tar  oil,  in  wood-spirit,  ether,  and  alcohol,  or  in  mixtures  of  these  liquids ;  it  dis- 
solves partially  at  moan  temperatures,  completely  at  the  boiling  heat  (Maskelyne). 
It  has  an  acid  reaction,  arising  from  admixture  of  acetic  or  propionic  acid.  It  contAiBs 
olein  and  palmitin.  (Maskelyne,  Chem.  Soc.  Qu.  J.viiL  1 ;  y. Borck,  J.  pr.  Chem. 
xlix.  396.)  *^ 


— .  The  name  applied  by  y.  Borek  to  the  fktty  adds  ob- 
tained by  saponification  of  Chinese  tallow,  which  he  supposed  to  have  the  composition 
C'»H»K)*.    Maskelyne  has,  however,  shown  that  it  is  identical  with  palmitic  add. 

Syn.  with  Siucious  Sintkr. 


A  ferroso-aluminic  silicate,  occurring  at  Obergrund  in 
Silesia,  and  in  the  Frederike  mine,  near  Weilburg  in  Nassau,  in  foliated,  radiated,  and 
compact  masses,  having  a  specific  gravity  of  3—3*4 ;  hardness  3 — 4  ;  a  lustre  between 
vitreous  and  pearly  on  the  cloavage-surface ;  black  or  green i8h4)lack  colour;  and 
greenish  streak.     Dissolves  imperfectly  in  acids. 

Analyses.— a.  Obergrund  (Rammefsborg,  Miner  alchemic,  p.  880).  — 6.  Weilbnrg 
(Siegert): 
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SIOS. 

AIO>. 

F«0. 

c«o. 

MrO. 

KO. 

H. 

a. 

46*96 

6*84 

86-60 

019 

1-78 

076 

8-63   -   98-76 

6. 

4607 

4-92 

37-78 

1-67 

0-94 

•           % 

8'47   =  98-86 

Some  of  the  iron  i^peArs  to  be  in  the  state  of  ferric  oxide,  but  its  quantity  has  not 
been  determined  with  sufficient  accuracy  for  the  deduction  of  a  formula. 

STZXiraOBZBBSZTB.  A  variety  of  native  ferric  hydrate,  Fe^O'.H'O,  occurring 
massiTc,  stalactitic,  or  incrusting,  at  Ambei^  in  Westphalia,  and  two  or  three  other 
localities.  It  has  a  black  or  blackish-brown  colour;  hardness  «-  4  to  6;  specific  gravity 
=   3-6  to  8-8. 


A  variety  of  limestone  which  emita  a  fetid  odour  when  struck 
or  rubbed  (iii.  697). 

STfltTAW,    A  name  applied  by  Breithaupt  to  smaltiae  fiom  Sehladming  in 

Styria. 

BTOZCBZOmiTST.  The  law  of  chemical  combination  in  definite  pvoportiona, 
and  its  application  to  chemical  calculations. 

STOUPnXTB.  A  mineral  from  Stolpen,  resembling  bole  in  appearance,  and 
containing,  aoeording  to  Bammelsberg  (Po^.  Ann.  uviL  180^  46*92  per  cent, 
silica,  22*16  alumina,  24*86  water,  and  3*90  per  cent,  lime,  with  traces  of  iron  and 
magnesia. 

8TO&ZZTB.    Native  tungstate  of  lead.     (See  Tunostjltbs.) 

aXOlUUK.     See  Balsaics  (i.  497). 

STMAJKOVZTZZra.  A  psendomorph  after  augite,  occurring  in  the  weathered 
gneiss  of  Mutenita,  near  Sirakonitz  in  Bohemia.  It  has  a  greenish-yellow  coIoiit,  and 
specific  gravity  »  1'41.  Contains,  according  to  C.  v.  Hauer,  63*4  per  cent,  silica^ 
19*9  water,  16*4  ferrous  oxide,  2-9  magnesia,  1*4  lime,  and  7*0  alumina. 

See  Datura.  Stbamonium  (ii.  807). 

\,  or  Mentz  Flux.    A  kind  of  glass  used  in  the  preparation  of  artificial 
gems  (ii.  841). 

8T&ATZOTB8  A&OZBB8*  Waiersoldier. — This  hydrocharidaceous  plant 
yields,  when  dried,  172  per  cent,  ash,  containing  in  100  pta.,  according  to  Schula- 
Flecth  (Fogg.  Ann.  Ixxxiv.  98): 

K«0.       N««0.       C*0.         MgO.        FeH)>.        SiO«.       P20».        S0>.         CO*.        NaCI. 

-    30*8        1*2        10*7         14*3        0*4        1*8        2*8        3-6        80-4        27 

8T&J1TOVBZTB.  A  manganic  silicate  from  Philipstad  in  Sweden.  (Siliojltb8 
p.  260.) 

WTMMAJL  OV  MIMBUA&S.  Coloured  mineral  substances  generally  exhibit, 
when  powdered,  a  lighter  or,  at  all  events,  a  different  colour  to  that  which  belongs  to 
them  in  mass :  hence  similariv  coloured  minerals  may,  in  some  cases,  be  distinguished 
one  from  the  other  by  the  colours  of  their  powders.  In  order  to  see  the  colour,  how- 
ever, it  is  not  necessary  to  pulverise  the  mineral,  as  it  may  be  observed  by  scratching 
the  mineral  with  a  knife,  or  rubbing  its  edge  on  a  rough  white  porcelain 
plate. 

8TXOCIAVO  WITIL  An  altered  scapolite  from  the  Sludi&nka  river  in  Dauria 
(p.  203). 

Syn.  with  RHODomrB,  or  Siucions  Manoakbsb  (p.  107). 

Native  argento-cuprous  sulphide,  or  aigentiferous  copper- 


glance  (p.  306). 


Batyto^troniianite. — A  mineral  from  Stromness  in  the  Orkneys, 
containing,  according  to  Traill  (Edinb.  Phil.  Trans,  ix.  81),  27*6  per  cent,  sulphate 
of  barium,  62*6  carbonate  of  strontium,  and  2*6  carbonate  of  calcium,  with  0*1  ferric 
oxide :  probably  a  mechanical  mixture. 

Oxide  of  strontium  (p.  437). 

Strontite.    Strontiiea. — Native  carbonate  of  strontium.    (See 
Carbonatbs,  i.  797.) 

BTWLOMTlAMOOJL^CimL  A  calcspar  containing  strontia,  trom  Girgenti  in 
Sicily.  The  crystals  have  the  form  and  cleavage  of  ordinary  calcspar,  are  grouped  in 
spherical  masses,  colourless  and  transparent  to  white  and  translucent,  and  have  a 
mother-of-pearl  lustre. 

FP  2 
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Symbol,  Sr.    JtanUe  weight,  87*5. 

The  native  carbonate  of  strontiam,  discoyered,  in  1787j  at  Strontian  in  Azgyleahire, 
waa  at  first  regarded  as  carbonate  of  barinm.  Crawf  nrd'  a  snpposition,  published  in 
1790,  that  this  mineral  contained  a  peculiar  earth,  was  confirmed  in  1792  by  Hope 
(Edinb.  Phil.  Trans,  iy.  3),  and  in  1793  by  Klaproth.  H.  Davy,  in  1808,  first  ob- 
tained from  it  the  metal  strontium. 

Strontium  occurs  as  sulphate  in  ocelestin,  and  as  carbonate  in  strontianite ;  in  small 
quantities  in  arragonite  and  brewsterite,  and  in  very  minute  quantities  in  the  mineral 
waters  of  Karlsbad  and  Kaiser-Franzensbrunnen,  the  salt-spring  at  £ger,  &c.,  and  in 
sea-water. 

Preparation. — Strontium  was  first  isolated  by  Dayy  in  the  same  manner  as  bariom 
(L  600).  Hare  obtained  it  in  a  similar  manner,  and  Clarke  prepired  it,  in  the  same 
manner  as  barium,  by  heating  strontia  or  the  nitrate  on  charcoal  m  the  ozyhydrogen- 
blowpipe  fiame.    All  these  methods,  howeyer,  yielded  the  metal  in  an  impure  state. 

The  pure  metal  is  easily  obtained  by  electrolysis  of  the  fused  chloride,  in  the  manner 
giyen  by  Matthiessen  (Elrctricitt,  ii.  438).  Caron  (Compt.  rend,  zlyiii.  40) 
obtains  it  by  fusing  the  chloride  with  an  alloy  of  sodium  and  lead,  tin,  &c. ;  the 
reduction  is  not  effected  by  sodium  alone. 

Properiies.^-^trantiumnM  a  yellow  colour,  like  that  of  calcium,  only  a  shade  darker. 
Specific  gravity  »  2*5418.  It  oxidises  in  the  air  much  more  quickly  than  calcium . 
Its  place  in  the  cdectrolytic  series,  with  water  as  the  exciting  liquid,  is  as 
follows : 

^  Ka,  Li,  Ca,  Sr,  Mg,  &c 

It  bums  like  calcium,  and  acts  similarly  to  it  when  heated  in  chlorine,  oxygen, 
bromine,  or  iodine,  or  on  boiling  sulphur,  or  when  thrown  on  water  or  adds.  (Mat- 
thiessen.) 

STSOWTIUBKf  BROMIOB  07.  SrBr*. — The  anhydrous  bromide  is  obtained 
by  evaporating  and  heatinff  a  solution  of  the  carbonate  in  hydrobromid  acid,  also  by 
burning  strontium  in  bromine-vapour.  It  is  a  white  mass,  which  melts  without  decom- 
position at  a  red  heat.  From  the  aqueous  solution  the  bromide  separates  in  long 
needles,  containing  SrBr'.SHH),  which  do  not  effloresce  in  dry  air,  or  even  over  oil  of 
vitriol.  When  heated  they  melt  in  their  water  of  crystallisation,  and  then  give  it  ofL 
The  salt  is  easily  soluble  in  water,  somewhat  soluble  also  in  alcohol,  and  the  alcoholic 
solution  burns  with  a  purple-red  fiame. 

ST&OIITXllM«  OB&OSZBB  OV.  SrCl*. — ^Produced  when  strontium  bums  in 
chlorine-gas ;  also,  according  to  Weber  (Fogg.  Ann.  cxii.  619),  by  heating  anhydrous 
strontia  in  a  stream  of  chlorine.  It  is  usually  prepared  firom  coslestin  in  the  same 
manner  as  chloride  of  barium  firom  heavy  spar  (i.  501).  The  crystallised  chloride, 
SrC1^3HH),  forms  long  deliquescent  needles,  which  melt  when  heated,  ^ve  off  their 
water,  and  leave  the  anhydrous  chloride  in  the  form  of  a  white  enamel-like  mass,  or, 
according  to  Dumas,  vitreous  and  transparent  when  perfectly  pure.  The  anhydbous 
chloride  absorbs  8  at.  ammonia,  whereby  it  is  converted  into  a  white  powder.  It  dis- 
solves easily  in  water;  in  116*4  pts.  cold  and  262  pts.  boiling  alcohol  of  99  per  cent. 
(Fresenius.) 

STmO»TXOM,  BSTBOTZOV  AWB  B8TZMATZOV  OV.— 1.  Blowpipe 
Beaoiiom, — Strontium-compounds  heated  in  the  inner  fiame  colour  the  outer  flame 
carmine-red.  An  alcoholic  solution  of  a  strontium-salt  bums  with  a  cazmine-red 
flame.  The  spectrum  of  strontium-vapour  is  characterised  by  a  red  line  nearly  coin- 
ciding with  the  solar  line  C,  and  a  blue  line  between  F  and  G  (p.  880).  All  these  re- 
actions are  distinctly  perceptible  in  presence  of  a  considerable  quantity  of  barium-salt. 

2.  Beaotions  in  Solution, — ^The  reactions  of  strontium-salts  closely  resonbla 
those  of  barium-salts.  Sulphate  of  strontium,  however,  is  somewhat  more  soluble  than 
0ulphate  of  barium :  hence  ttUphuric  acid  or  a  soluble  sulphate  does  not  precipitate  a 
dilute  solution  of  a  strontium-salt  so  quickly  as  it  does  that  of  a  banum-salt.  A 
barium-salt  gives  a  precipitate  with  a  solution  of  sulphate  of  strontium^  which  a  stron- 
tium-salt of  course  does  not.  Strontium-salts  are  further  distinguished  from  barium- 
salts  by  not  forming  precipitates  with  sUicofiuoric  acid  or  acid  chromate  of  potassium. 
A  few  drops  of  solution  of  strontium-chloride,  evaporated  on  a  watch-glass,  yield 
needles  of  the  hydrated  chloride,  whereas  a  solution  of  barium-diloride  evapon^^  in 
like  manner  yields  small  cubes. 

3.  Estimation  and  Separation. — Strontium  is  best  estimated  as  carbonate  by 
preieipitation  with  ammonium-carbonate  and  ammonia  from  a  hot  solution.  The  pre- 
cipitation of  strontium  by  this  method  is  more  complete  than  that  of  barium.  Car- 
bonate of  strontium  is  not  decomposed  by  ignition  over  an  ordinary  lamp.  Strontium 
may  also  be  estimated  as  sulphate ;  but  us  this  salt  is  not  absolutely  insoluble  in 
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The  eolation,  called  stroniia-water,  ig  colourless,  strongly  alkaline,  and  absorba  carboaitf 
acid  from  the  air,  becoming  covered  with  a  crust  of  carbonate.  It  may  be  prepared, 
like  baryta-water,  by  boiling  a  solution  of  the  sulphide  with  oxide  of  copper  (i.  505). 

A  peroxide  of  strontium  is  obtained  as  a  hydrate,  in  shining  scales,  by  mixing 
atrontia-water  with  peroxide  of  hydrogen,     (T  h  ^  n  a r  d.) 

ST&O Jl  Till  AK,  OZTBVZiVBZBB  OF.     See  the  next  article. 

STSOBI Tl II M,  SUXPBZDBS  OF.  The  monosulphide,  SrS,  is  prvipared, 
like  the  corresponding  barium-sulphide  (i.  607),  by  reducing  the  sulphido  with  coo.!  or 
charcoal.  It  is  a  white,  granular,  sintered  but  friable  mass.  By  solution  in  a  hirge 
quantity  of  boiling  water,  it  is  decomposed,  the  liquid,  as  it  cools,  yielding  crystals  of 
■trontium-hydrate,  whilst  strontium-sulphydrate  remains  in  solution : 

2SrS   +    2n^0     =     SrH'S*    +    SrH»0«. 

If  it  be  treated  with  a  quantity  of  water  not  sufficient  for  this  complete  dooomposition, 
a  solution  is  formed  contiiining  cliicfly  sulphydrate  of  strontium,  and  on  treating  the 
residue  with  fresh  quantities  of  water,  a  nearly  pure  solution  of  the  hydrate  is  obtained. 
(H.  Rose.) 

Polystdphides  (Schdne,  Pogg.  Ann.  cxvii.  56). — By  digesting  1  at  of  the  monoaul- 
phide  and  3  at.  sulphur  in  water,  and  leaving  the  solution  to  ovaporote,  at  a  tempera- 
ture not  exceeding  17°,  a  brownish-red  viscid  syrup  is  obttuned,  which  at  8°  solidifies 
to  a  crystalline  mass  of  the  tetrasulphide,  SrS\  with  6  at.  water.  This  compound 
is  very  hygroscopic,  soluble  in  water  and  in  alcohol ;  on  exposing  the  solutions  to  the 
air,  hyposulphite  of  strontium  is  formed  and  remains  disbolvud,  while  sulphur  and  a 
■mall  quantity  of  strontium-carbcmato  are  deposited.  On  heating  the  syrup  to  100^, 
or  concentrating  it  under  the  air-pump  at  a  temperature  above  17^  (l>est  between  20^ 
and  25°),  the  tetrasulphide  separates  with  2  at.  water,  as  a  liglit-yellow  solid  mass. 
When  heated  above  100^,  it  is  decomposed  by  ita  water  of  crystallisation.  It  is  not 
acted  upon  by  carbonic  disulphide. 

By  exposing  the  alcoholic  solution  of  the  tetrasulphide  to  the  slow  action  of  air, 
ruby-red,  transparent,  rhombic  crystals  are  obtained,  consisting  of  a  hydrated  oxy- 
tetrasulphide,  SrO.SrS^.12lPO,  which  are  decomposed  by  water.  They  are  pro- 
bably identical  with  the  supposed  disulphide,  which  Gay-Lussac  obtained  (Ann.  Ch. 
Phys.  [2]  xiv.  362)  by  leaving  a  solution  of  strontium-sulphide  to  itaelf  for  some  time. 

Pentasulphide  of  strontium  is  formed  by  digesting  the  monosulphide  in  water 
with  4  at.  sulphur,  but  exists  in  solution  only.  On  evaporating  the  solution  under  the 
air-pump  at  about  20°,  a  residue  is  obtained  consisting  of  the  tetrasulphide  mixed 
with  sulphur.     (Schone.) 

Sulphydrate  of  Strontium,  SrH*S'  =  SrS.H*S. — Pfoducod  by  passing  sulphy- 
dric  acid  gas  to  saturation  through  strontia-water,  or  through  water  m  which  sulphide 
of  strontium  is  suspended,  or  by  dissolving  sulphide  of  strontium  in  a  small  quantity  of 
boiling  water,  whereby  it  is  resolved,  as  above  mentioned,  into  hydrate  and  sulphy- 
drate. Berzelius,  by  evaporating  in  a  vacuum  the  solution  prepared  by  the  first  method, 
obtained  the  sulphydrate  in  laigo  striated  prisms,  which  when  heated  melt  in  their 
water  of  crystallisation,  then  give  it  off,  together  with  sulphydric  acid,  and  Icavo  a 
residue  of  monosulphide  of  strontium.  In  other  respects  the  compoimd  exactly  resem- 
bles sulphydrate  of  barium  (i.  608). 

.    Syn.  with  Saponin  (p.  192). 

Ammonio-magnesic  phosphate,  (NH<)Mg^PO«)«  12aq.,  occurring  in 
crystals  in  certain  varieties  of  guano.     (Phosphates,  iv.  568.) 

J^CZB.     Syn.  with  Ioasumc  Acid  (iii.  242). 

rzva.  C«»H"N«0«.  (Pelletier  and  Caventou  [1818],  Ann.  Ch. 
Phys.  X.  142  ;  xxvi.  44.— Pelletier  and  Dumas,  Ann.  Ch.  Phys.  xxiv.  176— Liebig, 
tWrf.  xlvii.  171;  xlix.  244.— Regnault,  Ann.  Ch.  Phys.  Ixviii.  113.— Gerhardt, 
Eevue  Scientif.  x.  192.— Nicholson  and  Abel,  Chem.  Soc.  Qu.  J.  ii.  241.— Henry, 
Pharm.  viii.  401.— Corriol,  ibid,  xi.  492— Robiquet,  ibid,  xi.  580.— Witts tock, 
Traite  de  Chimie  de  Berzdiu8.^RenTj,JUs,  J.  Pharm.  xvi.  752.— Gm.  xviL  479.) 

This  vegetable  alkaloid  exists,  together  with  brucine  and  igasurino,  in  nux-vomica,  in 
St.  Ignatius-beans,  in  the  wood  of  Strychnoa  Colubrina,  in  Strychnos  ISeuti,  Upas 
Tieuti,  and  probably  in  several  other  varieties  of  Strychnoa  (see  Bbucinb,  i.  681). 
Java  arrow-poison,  found  in  a  bamboo,  contained  62  per  cent,  of  strychnine. 

Preparation:  1.  From  St.  Iffnatius-beans. — The  rasped  beans  are  exhausted  with 
other,  and  then  treated  several  times  with  boiling  alcohol.  The  alcoholic  solution 
having  been  distilled  to  remove  the  alcohol,  is  to  be  treated  with  solution  of  hydrate 
of  potassium  to  precipitate  the  strychnine  (Pelletier  and  Caventou).  This  procoss 
ie  obviously  imperfect. 
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3.  From  Nur-oomica. — a.  The  IxwsB  are  exhausted  with  alouhol,  and  the  solution  is 
diiftiUod  to  recover  the  akohoL  Tbe  residue  is  dissolved  in  wat^^r,  and  basic  acetate  of 
lead  added  until  no  further  precipitation  takes  place.  The  strychnine  remains  in 
solution  in  the  state  of  acetate ;  the  liquid  also  contains  colouring-matters,  and  the  excess 
of  ba^ic  acetate  of  lead.  Sulphide  of  hydro^n  is  passed  into  the  solution,  which  is 
then  filtered,  and  boiled  with  magnesia.  The  precipitated  strychnine,  after  being 
washed  with  water,  is  ciystallised  inm  alcohoL  The  mother-liquors  retain  the  brucine. 
(Pellotier  and  Caventon.) 

b.  The  pulverised  nux-vomica  is  exhausted  with  boiling  water,  and  the  decoctions 
are  evaporated  until  syrupy ;  powdered  chalk  is  then  added  by  degrees,  until  in  slight 
oxcoHS.  The  precipitate  contains  the  calcium-salt  of  an  add  existing  in  nux-vomica,  the 
strychnine,  and  other  substances.  After  being  washed,  it  is  exhausted  by  treatment 
witli  alcohol  of  specific  gravity  0*827,  and  the  liquids  are  then  evaporated  in  the  water- 
bath  to  tbe  ci^'stallising-point.  The  strychnine  is  purified  either  by  repeated  crystal- 
L'sations,  or,  better,  by  conversion  into  nitrate,  and  recrystallisation.  The  alkaloid 
may  be  obtained  from  the  nitrate  by  precipitation  with  ammonia.  One  kilogramme  of 
nux-vomicm  yields  by  the  above  process  5  or  6  grammes  of  strychnine.     (Henry.) 

c.  The  foUowing  process  is  said  to  be  more  advantageous  than  the  preceding  ones : 
1  kilogramme  of  nux-vomica  is  to  be  softened  by  being  steamed,  then  dried,  and  pul- 
verised moderately  fine.  It  is  then  digested  in  the  water-bath,  with  4  or  5  litres  of 
alcohol  of  specific  gravity  0*856  sMndified  by  40  or  60  grammes  of  sulphuric  acid. 
Quicklime  is  then  aSded  to  the  alcoholic  solution,  to  remove  the  acid  and  precipitate 
the  colouring-matter.  The  supernatant  liquid  is  decanted,  and  the  deposit  is  washed 
with  alcohoL  All  the  alcoholic  liquors  are  then  mixed,  carefully  filtered,  and  distilled. 
The  residue  in  the  still  is  coloured  and  alkaline  ;  it  is  saturated  with  dilute  sulphuric, 
hydrochloric,  or  acetic  acid  ;  and  the  solution  is  to  be  filtered,  concentrated,  and  pre- 
cipitated in  the  cold  by  a  slight  excess  of  ammonia.  The  precipitate  is  composed  of 
a  mixture  of  stryclinine  and  brucine.  It  is  to  be  digeeted  with  weak  alcohol  of  specific 
gravity  0*942,  to  remove  the  bmcina  The  remaining  strychnine  is  to  be  dissolved  in 
alcohol  of  spc-cific  gravity  0*837,  and  the  boiling  solution  treated  with  a  small  quantity  of 
animal  charcoal  The  filtered  solution,  on  cooling,  deposits  the  strychnine  in  crystals. 
(Henry,>W*.) 

d.  Eight  pounds  of  the  powdered  nux-vomica  are  mixed  with  an  equal  weight  of  water,  so 
as  to  form  a  thick  paste,  which  is  then  exposed  to  a  temperature  of  20*^  to  25°.  In  the 
course  of  a  few  days,  a  violent  fermentation  sets  in,  which  is  generally  finished  in  alx>ut 
eighteen  to  twenty  days.  The  liquid  is  now  pressed  through  a  hair-sieve ;  the  solid 
residue  pressed,  and  boiled  twice  or  three  times  with  water ;  and  the  united  liquids 
evaporated  down  to  12  quarts.  To  this  9  ounces  of  powdered  quicklime  aro 
add(>d,  the  whole  left  quiet  for  six  or  eight  hours,  and  the  liquid  separated  from  the 
precipitate  by  pressure ;  it  is  then  mix^  with  sulphuric  acid,  the  calcic  sulphate  re- 
moved, and  the  liquid  evaporated  to  2  quarts.  One  ounce  of  lime  is  now  added  to  it,  and 
the  treatment  repeated  as  above  described.  The  precipitate  formed  is  submitted  to 
great  pressure,  and  united  to  the  previous  one.  The  dned  precipitate  is  now  digested 
with  2  quarts  of  alcohol  of  specific  gravity  0*935,  which  dissolves  out  brucine  and  colour- 
ing matters  ;  and  from  this  solution  strychnine  is  likewise  obtained  by  crystallisation. 
The  remaining  precipitate  is  digested  repeatedly  with  6  quarts  of  alcohol  of  specific 
gravity  0*838,  the  solution  filtered,  and  four-fifths  of  the  alcohol  recovered  by  distil- 
lation. In  one  or  two  days  the  stiychnine  separates  as  a  white  crystalline  powder ;  it 
is  washed  several  times  with  alcohol  of  specific  gravity  0*935,  to  remove  any  adherent 
brucine,  and  is  obtained  perfectly  pure  by  recrystallisation.  (Molyn,  J.  CHiim.  mM. 
iii.  507.) 

e.  Nux-vomica  is  to  be  boiled  with  alcohol  of  94  per  cent.  The  liquid  is  to  be 
decanted,  and  the  residue  dried  in  an  oven ;  it  then  becomes  easily  pulverisable.  The 
powder  is  to  be  exhausted  with  alcohol,  and  the  liquids  mixed.  After  being  evapo- 
rated to  a  convenient  bulk,  acetate  of  load  is  to  be  added  as  long  as  a  precipitate  is 
formed.  Colouring  matters,  vegetable  acids,  and  fatty  substances  are  thus  removed. 
The  precipitate  is  thrown  on  a  filter,  and  well  washed;  and  the  filtered  liquor  is  evaporated 
until  reduced  to  about  a  half  or  a  third  of  the  weight  of  the  nux-vomica  employed. 
Magnesia  is  then  added  to  the  liquor,  and  the  whole  is  left  at  rest  for  several  days, 
until  the  brudno  has  had  time  to  deposit.  The  precipitate,  having  been  collected 
on  linen,  is  to  be  pressed,  dried,  and  treated  with  alcohol  of  83  per  cent.,  to  dissolve 
the  alkaloids.  On  distilling  off  the  alcoholic  liquors,  the  strychnine  is  first  deposited, 
while  the  brudno  remains  in  the  mother-liquors.  To  purify  the  crude  strychnine, 
it  is  to  be  saturated  exactly  with  dilute  nitric  acid.  On  concentrating  the  solution, 
the  nitrate  of  strychnine  is  first  deposited,  in  needles,  and  the  nitrate  of  brucine 
i.s  afterwards  deposited  in  much  larger  cryRtaln.  The  la^t  mother-liquors  aro 
gummy,  but  they  still  contain  some  of  the  alkaloids,  which  must  bo  extracted  by 
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a  fresh  treatment  mth  magneeia,  &c  as  before.  When  bmcine  is  precipitated^ 
there  always  remains  in  solution  a  considerable  quantity,  which  is  depoeited  after 
a  time  in  crystalline  grains.  One  kilogramme  of  nox-vomica  y««Ids,  on  treatment  as 
above,  2  grammes  of  nitrate  of  strychnine,  and  2  grammes  of  nitrate  of  brudne. 
(Wittstock.) 

3.  From  Upas  TieutL — The  filtered  aqueons  solution  of  the  ujms  is  digested  with 
magnesia ;  the  precipitate  is  washed,  dried,  and  boiled  out  three  times  with  alc<^iol ; 
the  alcoholic  solutions  are  evaporated ;  the  residue  is  dissolved  in  dilute  sulphoric  acid 
and  digested  with  animal  charcoal ;  and  the  solution  is  again  precipitated  by  magnesia. 
The  precipitate  is  then  exhausted  with  alcohol,  and  the  solution  evaporated  to  dryness. 
(Pelletier  and  Caventou.) 

Detection  of  Strychnine  in  cases  of  Poisoning  (i.  127). 

Properties, — Small,  white,  four-sided  prisms,  terminated  by  four-sided  pyimmidi 
(Pelletier  and  Caventou).  —  Crystals  of  the  trimetric  or  rhombic  system. 
Lustre  vitreous,  pearly  on  the  cleavage-faces.  Hardness  between  2  and  2*5  (Kengott* 
Pogg.  xcv.  614).  Crystals  permanent  in  air,  unaltered  by  light  Botates  polarised 
lieht  to  the  left.  May  be  fused  without  decomposition.  Inodorous,  taste  intensely 
bitter.  Excessively  poisonous ;  one-eighth  of  a  grain  will  kill  a  large  dog ;  three- 
eighths  of  a  grain  cause  in  man  violent  tetanic,  convulsive  spasms  of  the  extremitiei^ 
trismus,  opisthotonos,  and  other  formidable  symptoms  ;  half  a  grain,  given  three  times 
a  day  for  several  days,  caused  death  with  the  usual  symptoms.  (Pereira,  Materia 
Medica,  ii.  1310.) 

Strychnine  in  poisonous  doses  almost  invariably  produces  tetanic  convulsions.  The 
smallest  dose  yet  known  to  prove  fatal,  was  in  the  case  of  Dr.  Warner,  who  swallowed 
half  a  grain  of  sulphate  of  strychnine  in  mistake  for  morphia.  In  a  few  minutes  he  was 
seized  with  constriction  of  the  throat,  tightness  of  the  chest,  rigidity  of  the  whole  muscular 
system,  and  tetanic  convulsions.  He  died  in  about  fourteen  minutes  (l\tylor  on 
Ptnsonst  p.  777).  The  writer  has  tried  the  effects  of  doses  of  one-twelfth  of  a  grain,  re- 
peated every  four  hours.  On  the  second  day  the  effects  were  sufficiently  unpleasant 
to  render  it  proper  to  cease  the  experiment  for  a  time.  Great  variation  is  found  in  the 
/ower  of  different  individuals  to  resist  the  poison ;  doses  of  even  three  grains  have 
been  endured  by  patients,  where  the  quantity  has  been  very  gradually  increased  (Gas. 
m^.,  Mars  1845  ;  Taylor  on  Poisons,  p.  777).  Strychnine  has  an  alkaline  reaction.  It 
resists  putrefaction,  and  may  consequently  be  extracted  successfully  from  bodies  which 
have  been  buried  for  a  long  time,  even  alter  three  years.     (Macadam.) 

Strychnine  dissolves  in  6667  parts  of  cold,  and  in  2600  parts  of  boiling  water 
(Pelletier  and  Caventou.) 

Decompositions. — 1 .  Strychnine,  when  submitted  to  destructive  distillation,  yields 
pyrrol  among  other  products  (Ore v.  Williams).  When  cautiously  heated,  it  gives 
off  colourless  vapours,  probably  of  undecomposed  strychnine,  then  melts  to  a  brown 
liquid,  which  when  farther  heated  gives  off  brown  vapours,  and  leaves  a  carbonaceous 
residue  (Duflos).  Strychnine  bpr  destructive  distillation  yields  small  quantities  of 
chinoline  (Gerhardt).  Strychnine  is  very  easily  oxidised,  at  a  red  heat,  by  oxide 
of  copper  or  chromato  of  lead,  and  therefore,  contrary  to  the  statements  of  many 
chemists,  is  very  easily  analysed  by  the  ordinary  processes  (Abel  and  Nicholson). 
— 2.  Vapour  of  iodine  acts  on  strychnine,  forming  a  peculiar  compound. — 3.  Bromine 
produces,  in  solutions  of  strychnine,  a  resi  nous  precipitate  of  bromostrychnine  (L  a  u  r  e  n  t). 
—4.  Dry  chlorine  does  not  act  on  strychnine  or  its  salts,  but  chlorostrychnine  is 
formed  when  the  gas  is  passed  into  water  in  which  strychnine  is  suspended.  A  solu- 
tion containing  1  pt.  of  acetate  of  strychnine  in  8,000  pts.  of  water  is  rendered  turbid 
by  chlorine  (Marc hand). — 6.  Solution  of  chloride  of  lime  gives  a  white  precipitate  in 
dilute  solution  of  acetate  of  strychnine  (Horsley). — 6.  Strong  nitric  acid,  if  not,  con- 
verts the  alkaloid  into  a  yellow  explosive  nitro-compound,  which  is  probably  nitrate  of 
nitrostiychnine.  The  solution,  on  treatment  with  alkalis  in  excess,  gives  off  volatile 
bases  (Anderson).  If  strychnine  turns  red  with  cold  strong  nitric  acid,  it  indicates 
the  presence  of  bmcine. — 7.  Cold  oil  of  vitriol  dissolves  strychnine,  forming  a  colour- 
less solution,  which  yields  coloured  reactions  with  most  oxidising  substances.  This 
solution  yields  the  following  reactions  with  various  reagents :  — a.  Peroxide  of  lead  gives 
a  blue  coloration,  becoming  violet,  then  red,  and  finally  in  a  few  hoors  yellow. — 6.  Jmd 
chromate  of  potassium  in  the  solid  state,  added  to  the  above  liqiiid  on  a  porcelain  plate, 
gives  a  fine  violet  coloration ;  if  the  quantity  of  strychnine  present  is  large,  the  colour  is 
pale-blue. — <?.  Ferrocyanide  of  potcusium  yields  a  somewhat  similar  reaction  to  6,  bus 
more  permanent. — d.  Black  oxide  of  manganese  affords  a  violet  coloration,  becoming 
dark-red  in  the  course  of  an  hour.  The  presence  of  santonin,  or  starch,  does  not  prevent 
the  recognition  of  strychnine  by  acid  chromate  of  potassium  in  the  above  solution ;  sugar. 
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quinine,  or  morphine  renders  it  indistinct,  bat  does  not  afiect  the  reaction  with  peroxide 
of  manganese.  The  presence  of  30  pts.  of  tartar-emetic  does  not  prevent  the  coloration 
with  acid  chromate  of  potassium,  but  60  pts.  render  it  indistinct.  Very  small  quanti- 
ties of  animal  matters,  or  Tegetable  eztractiTe  matters,  render  the  above  reactions  indis- 
tinct, when  the  strychnine  is  present  in  minute  traces  only. — 8.  Hot  solutions  of  iodic 
acid  colour  strychnine  and  its  salts  violrt-red. — 9.  The  iodides  of  the  alcohol-radicles 
form  derivatives  which  will  be  described  further  on. 

ComhmoHonM. — With  Iodine, — a.  When  a  solution  of  1  pt.  of  strychnine  in  1  pt.  of 
alcohol  and  3  pts.  of  water  is  warmed  with  a  Uttle  tincture  of  iodine,  and  left  to  cool 
spontaneously,  crystals  of  an  iodine-compound  are  deposited,  having  the  properties  of 
double  absorption.  Its  formuLi  is  probably  C«»H«NK)«.P  (Herapath).— A.  When  a 
solution  of  strychnine  in  weak  alcohol,  acidified  with  hydrochloric  or  hydriodic  acid,  is 
precipitated  with  tincture  of  iodine,  the  precipitate  dissolved  in  boiling  alcohol,  and  the 
solution  left  to  cool,  bright  red-brown  prisms  are  formed  permanent  at  140^,  and  having 
the  formula  C*'H*=-'N«0«.HIJ«.    (Tilden.) 

When  2  pts.  of  strychnine  are  triturated  with  1  pt.  of  iodine,  the  resulting  mass 
dissolved  in  boiling  alcohol,  and  the  solution  concentrated  and  allowed  to  cool,  iRmiTiin 
are  deposited  having  the  colour  of  mosaic  gold,  and  the  formula  2C'*H''^N'0*I'. 

Stbtchntne  Salts. — ^Acids  easilv  dissolve  str}rchniney  forming  neutral  solutions 
having  aii  intensely  bitter  taste,  ana  virulently  poisonous. 

Acetates  of  Strychnine. — Neutral  acetate  of  strychnine  crystallises  witb  difficulty,  the 
add  salt  easily.     (Pelletier  and  Caventou.) 

Arsenate  of  Strychnine,  2C*'H«N*0«.3H'O.As*0»  +  H«0.— Monodinic  prisms,  solu- 
ble in  15  pts.  of  cold,  and  in  6  pts.  of  hot  water. 

Areenite  of  Strychnine,  2C«'H«NK)«.HK).As'0».— Dull  white  cubes,  efflorescing  in 
the  air. 

Bromomercurate  of  Strychnine. — Formed  in  the  same  manner  as  the  iodine-corn* 
pound  {infra),  but  using  bromide  instead  of  iodide  of  potassium. 

Chloro-aurate  of  Strychnine,  C*>H«NK)«.HCl.Au*Cl».— Lemon-yellow  precipitate, 
very  slightly  soluble  in  water.  Crystallises  from  alcohol  in  pale  orange-coloured  crys- 
tals.   (Nicholson  and  Abel.) 

Chromate  of  Strychnine,  2C*'H=N»0«.H«O.CrO«.— Lemon-yellow  needles,  neutral,  and 
sparingly  soluble  in  water  and  alcohol.    (Nicholson  and  Abel.) 

Chlorocadmiate  of  Strychnine,  2(C?"H«N«0«.HCl).Cd''Cl«.— White  glittering  scales, 
long  needles,  or  large  transparent  prisms.   Does  not  lose  water  at  130°.    (Oalletly.) 

Chloromercurate  of  Strychnine,  C"H«N*0«.HCl.Hg''Cl«.— A  dense  pulverulent  pre- 
cipitate, which  soon  turns  gelatinous,  is  thrown  down  on  adding  solution  of  mercuric 
chloride  to  solution  of  hydrochlorate  of  strychnine.  Crystallises  from  alcohol. 
(Nicholson  and  Abel.) 

Strychnine  tcith  Mercuric  Chloride,  C!nH«N«0*.Hg''CJl«.— Thrown  down  by  a  solution 
of  mercuric  chloride  from  a  solution  of  strychnine  in  weak  alcohol.  White  crystalline 
precipitate,  insoluble  in  water,  alcohol,  and  ether.     (Nicholson  and  Abel.) 

SuJphate  of  Strychnine  with  Mercuric  Chloride,  2C"H"NWHSO*.2Hg''a».— Pro- 
duced by  dissolving  the  mercurous  compound  in  sulphuric  acid. 

Strychnine  with  Mercuric  Cyanide,  C-'H**N*0*.Hg"Cy'. — An  alcoholic  solution  of 
strychnine,  precipitated  by  excess  of  solution  of  mercuric  cyanide,  yields  this  compound 
in  small  prisms,  slightly  soluble  in  water  and  alcohol,  insoluble  in  ether.  (Nichol- 
son and  Abel.) 

Chlorate  of  Strychnine. — Strychnine  dissolved  in  aqueous  chloric  acid  forms  a  rose* 
red  solution,  which  jrields  thin  short  prisms,  and,  when  the  solution  is  concentrated, 
solidifies  complet<*ly.  

Ch/oroplatinate  of  Strychnine,  2C?«>H«*N«0«.2HCl.Pt"a*.— Solution  of  hydrochlorate 
of  strychnine  is  precipitated  pale-yellow  by  a  solution  of  tetrachloride  of  platinum. 
The  precipitate  is  nearly  insoluble  in  water  and  ether,  and  with  difficulty  in  boiling 
alcohol.     From  the  latter  solution  it  crystallises  in  scales  resembling  mosaic  gold. 

Ch/oropaUadite  of  Strychnine,  2C:«>H'^-N«0*.2HCl.Pd"Cl*.— When  a  solution  of 
dichloride  of  palladium  is  added  to  a  solution  of  (»trychnine  in  hydrochloric  acid,  a 
brown  flocculont  mass  is  precipitated.  It  is  soluble  in  water  and  alcohol,  and  from  a 
boiling  solution  in  the  latter  menstruum,  may  be  obtained,  on  cooling,  in  dark-brown 
needles.    It  is  not  decomposed  at  100°.    (Nicholson  and  Abel.) 

Hydrobromatt  of  Strychnine,  C**H*'N*0*.HBr. — Produced  by  dissolving  strychnine 
in  hydrobromic  acid,  and  crystallising  from  water.     (Nicholson  and  Abel.) 

Hydriodaie  of  Strychnine,  C'H^N'OMIL — A  dense  crystalline  precipitate  is  thrown 
down  on  adding  a  solution  of  iodide  of  potassium  to  a  solution  of  strychnine 
(  V.  P 1  a  n  t  a).  The  alcoholic  solution,  when  evaporated,  yields  glassy  four-sided  needles. 
(Merck.) 


442  STRYCHNINE. 

Hydrochiorate  of  Str^fchnine,  C«'n*^V*OMia.— 100  pts.  of  strychnine,  when  exposed 
to  a  current  of  hydrochloric  acid  gaa,  and  then  heated  to  150*^,  retain  10-67  of  hydro- 
chloric acid  (Regnauit).  The  same  salt  is  easily  obtained  by  dissolving  strychnine 
in  hydrochloric  acid.  It  is  neutral  towards  Togetable  colours  (Nicholson  and 
Abel).  It  rotates  polarised  light  to  the  left ;  [a],.  =  28*18^.  The  salt  is  soluble  in 
about  50  pts.  of  water  at  22^^  (Bouchardat).  (AJs  to  water  of  crystallisation,  see Q- in. 
xvii.  494.) 

Hydrocj/anate  of  Strychnine. — ^When  strychnine  is  dissolved  in  aqueous  hydrocyanic 
acid,  and  the  solution  is  evaporated,  the  hydrocyanic  acid  is  entirely  expelled*  (Pel- 
letier  and  Caventon.) 

Hydroferrocyanaie  of  Strychnine,  4 C*'H"N*0«.H<Fe"Cy.2H'0.— Colourless  needles, 
produced  by  mixing  cold  saturated  solutions  of  ferrocyanide  of  potassium  and  neutral 
salts  of  strychnine.     (Brand is.) 

Hydrojiuaie  of  Strychnine,  2C"H"N*0«.8HF1.H»0.— Colourless  right  rhombie 
prisms,  having  an  acid  reaction.     (Elderhorst.) 

Hypostdphite  of  Strychnine,  2C*»H"N«0».n''S«0«.4H*0.— Formed  in  a  mixture  of 
strychnine,  alcohol,  and  sulphide  of  ammonium  on  standing  in  the  air.    (How.) 

lodomercurai^  of  Strychnine,  C**H''*N'0'.HI.Hg'l'. — Obtained  by  mixing  solntions 
of  2  at.  hydrochlorate  of  strychnine,  6  at.  iodide  of  potassium,  and  1  at.  meicuric 
chloride.  Shining  microscopic  crystals,  insoluble  in  cold  and  in  hot  water,  and  but 
little  soluble  in  boiling  idcohol.     (Groves.) 

Nitrate  of  Strychnine,  C'"H*^N*0'JINO". — Strychnine  in  fine  powder  is  gently 
heated  until  dissolTod  with  nitric  acid,  diluted  until  it  is  but  feebly  acid  to  t-he 
taste ;  the'  solution,  on  cooling,  deposits  beautiful  colourless  needles  of  nitrate  of 
strychnine.  If  the  nitric  acid  is  too  concentrated,  the  solution  assumes  a  yellow  colour 
immediately  heat  is  applied,  and  a  nitro-com pound  is  formed.  No  acid  nitrate  is  pro- 
duced. 

Mellitaie  of  Strychnine. — When  an  alcoholic  solution  of  strychnine  is  mixed  witli 
an  alcoholic  solution  of  mcUitic  acid,  a  dazeling  white  crystalline  precipitate  fidls. 
It  is  soluble  in  1500  pts.  of  cold,  and  in  650  pts.  of  boiling  water;  peurfectly  insoluble 
in  alcohol.     (Karmrodt.) 

Oxalate  of  Strychnine.— Neutral,  2C"H«N«02.C«H«0«.  Oxalic  acid  neutralised 
with  strychnine  yields  long  flat  needles,  neutral  to  litmus. — Acid  salt,  C^'lI'^NK)'. 
C*H-0*.     Obtained  by  treating  the  neutral  oxalate  with  oxalic  acid. 

Perchlorate  of  Strychnine,  C^'H«N*0MIC10*.— A  solution  of  sulphate  of  sbych- 
nino  decomposed  by  perchlorate  of  barium  yields  small,  pcde-yellow,  glassy,  riiombic 
prisms. 

Periodate  of  Strychnine. — Produced  by  dissolving  strychnine  in  a  warm  aqueous 
solution  of  periodic  acid ;  it  crystallises  in  six-sided  prisms  terminated  by  fouiHnded 
pyramids. 

Phosphantimonate  of  Strychnine. — ^Yellowish-white  curdy  precipitate,  produced  by 
adding  a  solution  of  phosphantimonic  acid  to  a  solution  of  a  strychnine-salt. 

Picrate  of  Strychnine. — ^An  alcoholic  solution  of  picric  acid  precipitates  an  alcoholic 
solution  of  strychnine  pale-yellow;  hot  solutions,  on  cooling,  yield  fine  yellow 
crj'stals. 

Sulphate  of  Strychnine.— Neutral,  2C«'H«N«0«.H«S0«.  Dilute  sulphuric  acid  satu- 
rated with  finely  powdered  strychnine  (Nicholson  and  Abel)  yields laive  four-sided 
prisms.  The  salt  rotat^^s  polarised  light  to  the  left;  [ol^  =  25*58°  for  tie  salt  dried 
at  40^.— Add,  C"II«N«O^H«SO*.  This  salt  is  formed  by  adding  diluted  snlphuric 
acid  to  the  neutral  salt ;  it  crystallises  in  long  thin  needles,  and  is  very  acid  to  test- 
paper.     (Nicholson  and  Abel.) 

Sulphocyanate,  C**H"N'0*.CyHS. — Sidphocyanate  of  potassium  throws  down,  from 
solutions  of  strychnine-salts,  a  dense  crystallino  precipitate;  from  hot  solutions  long 
siUqr  needles.     (Artus;  v.  Planta.) 

Tartrates  of  Strychnine.— Neutral  dextrotartraie,  2C*'H»N*0«.C*HK)«  +  4aq.  Tto- 
taric  acid  is  neutralised  with  strychnine.  Efflorescent  needles  an  inch  long. — 
Acid  dextrotartraie.  Strychnine  dissolved  in  excess  of  tartaric  acid  yields  slender  nof^es 
with  acid  reaction. 

AntUartrate  of  Strychnine. — The  neutral  salt  heated  to  100°  loses  7*8  per  cent. 
water,  and  nothing  more  at  200°,  but  becomes  coloured,  but  to  a  less  extent  than  the 
dextrotartraie.  The  acid  salt  loses  all  its  water  of  crystallisation  (10*3  per  cent)  mote 
rapidly  than  the  acid  dcxtrotartrate. 

Ozystryolmines,  iri.  320. 
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Dbbiyattves  of  STBTcmnira, 

C«»H**N*0«  -  C"H«N«(CH')0».— -Finely-powdered  etiych- 
nine  is  heated  for  some  hours  vith  slight  excess  of  methylic  iodide  in  a  sealed  tube. 
When  the  reaction  is  complete,  the  excess  of  methylic  iodide  is  distilled  off,  and  the  re- 
sidue is  dissolvod  in  hot  water  and  filtered,  to  remove  any  uncombined  stiychnine.  On 
cooling,  the  solution  yields  erystala  of  hydriodate  of  methylstrychnine,  from  which 
the  base  may  be  separated  by  means  of  oxide  or  sulphate  of  silver,  as  follows : — 

a.  By  oxide  of  sUver. — The  hydriodate,  prepared  as  above,  is  agitated  with  8  or 
4  pts.  of  cold  water  and  some  oxide  of  silver,  whereby  iodide  of  silver  is  formed ;  the 
liquid  then  filtered  oflT,  and  evaporated  to  the  consistence  of  a  syrup,  whereupon  it  de- 
posits crystals  of  hydrate  or  methylstrychnine.  As  the  dark  mother-liquor 
cannot  be  made  to  crystallise,  the  following  process  may  be  substituted : — h.  The 
solution  of  hydriodate  of  methylstiychnine  is  to  be  decomposed  with  an  equivalent 
quantity  of  sulphate  of  silver;  the  solution  separated  from  the  iodide  of  silver  is 
mixed  with  baryta-water,  and  evaporated  to  dryness ;  and  the  residue  is  heated  with 
water,  and  evaporated:  crystals  of  hydrate  of  methylstrychnine  then  separate  out. 
As  the  salt  thus  obtained  contains  excess  of  water,  it  is  to  be  dried  between  130^  and 
140°.  (For  very  full  details  concerning  the  reactions  and  decompositions  of  methyl- 
stnrchnine,  see  Gm.  xvii.  607.) 

It  is  remarkable  that  hydrate  of  methylstrychnine  is  not  poisonous.  Babbits  can 
take  11  grains  in  the  course  of  a  day  without  being  poisoned  (Stahlschmidt). 
Hydrate  of  methylstrychnine  forms  easily  soluble  and  crystalline  salts  with  acids. 
Aqueous  methylstrychnine  precipitates  salts  of  nickel,  cobalt,  iron,  and  copper;  it 
also  precipitates  alum,  but  an  excess  does  not  redissolve  the  precipitate. 

Phosphate  of  MethyUtrychnine,  C«'H«'N»(CH»)0*.PH»0«.— Aqueous  methylstrych- 
nine neutralised  with  phosphoric  acid  yields  a  crystalline  mass,  readily  soluble  in 
water  and  alcohol.    (Stahlschmidt) 

Sulphate  of  MethyUtrvchnine.—a,  Neutral,  2C«'H"N«(CH«)0«.H'S0«.— JV^wra^ww 
(see  Methylstrychnine,  o).  May  also  be  obtained  by  neutralising  the  aqueous  base 
with'dilute  sulphuric  acid.    Thin  pearly  laminro,  efflorescent,  easily  soluble  in  water. — 

b.  Acid  salt,  C''II«'N^(CH«)0^n«SO*.  Crj-stAllises  easily  in  laminae,  which  have  a 
strongly  acid  reaction.     (Stahlschmidt.) 

Hydriodate  of  Methylstrychnine,  C*'H"N*(CH")0'.HI.  Pearly  laminae,  requiring 
212  pts.  of  cold,  but  easily  soluble  in  hoi  water.  Difficultly  soluble  in  alcohol. 
(Stahlschmidt.) 

Hydrobromate  of  MUhylsirycknine,  C"H«»N«(CH")0«.HBr.— Thrown  down  when 
bromide  of  potassium  is  added  to  a  strong  solution  of  the  hydrochlorate.     Sparingly  • 
soluble  in  cold,  but  easily  in  hot  water.    (Stahlschmidt.) 

Hydrochlorate  of  Mtth^lstrychnine,  C"H«'N»(CH")0MIC1.— Formed  by  neutralising 
the  base  with  hvdrochlonc  acid,  or  decomposing  the  sulphate  with  chloride  of  barium. 
Fine  prisms  half  an  inch  long,  soluble  in  water  and  alcohol. 

Chtoroplntinate  of  Met  hy I  strychnine, ^VaXo-yoXlaw  precipitate,  difficultly  soluble  in 
water  and  alcohol,  insoluble  in  ether. 

Bthylatryolmliie,  C"H"N'0«  =  C»»fl"N«(C*n*)0«.— P^epflra^iow.  Similar  to 
that  of  methylstrychnine,  but  substituting  ethylic  for  methylic  iodide.  The  base 
may  be  precipitated  by  ether  from  the  solution  filtered  from  oxide  of  silver. 

Carbonates  of  Ethyf strychnine. — a.  Neutral.  When  moist  carbonate  of  silver  is  agitated 
with  hydriodate  of  ethjlstrychnine  and  water,  a  colourless  solution  is  obtained,  which, 
evaporated  in  a  vacuum,  or  at  100°,  leaves  a  crystalline  residue.  Water  dissolves, 
carbonate  of  ethylstrychnine,  leaving  flocks  of  a  new  base  (How). — b.  Acid, 
C«H2»N«(C«H*)0^H-C0«.— When  carbonic  acid  is  passed  into  the  solution  of  the 
neutral  carbonate,  and  the  filtrate  is  evaporated  in  vanuo,  or  at  100°,  a  white  crystalline 
mass  is  formed,  having  an  alkaline  reaction.  It  dissolves  in  absolute  alcohol^  and  is 
precipitated  fi^m  the  solution  by  ether  in  colourless  prisms.     (How.) 

Hydriodate  of  Ethylstrychnine,  C"H"N«(C«H*)0=.HL  —  Shining  white  four-sided 
prisms.     (How.) 

NUrate  of  Ethylstrychnine,  C*>H»'N*(C*H*)0*.HNO«.— Prepared  by  decomposing 
the  hydriodate  with  nitrate  of  silver.  Colourless,  highly  refractive  prisms,  only  slightly 
soluble  in  cold,  easily  in  boiling  water.     (How.) 

Chlorophtinate  of  Ethylstrychnine,  2C"H«'N«(C«H»)0«.2HCLR»'C1*.— Yellow  pre- 
cipitate, which  becomes  crystalline  in  a  few  hours.    (How.) 

Amylstrjolmlne,  C«'H«'NXC*H")0«.— Prepared,  like  ethylstrychnine,  by  acting 
with  moist  oxide  of  silver  on  the  hydrochlorate  of  amylstrychninc.     (How.) 

HydrocJdorate  of  Amyhtrychnine,  2[C"H"N«(C»II")0-.nCl]ll-0.— Prepared    by 
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heating,  for  100  hours,  finely-powdered  strychnine  with  chloride  of  amyL    Colouless, 
oblique,  rhombic  prisms.     (How.) 

NUrate  of  Am  i/f strychnine,  C«'H"N«(C»H")0».HNO«.— Prepared  by  decomposing 
hydrochlorate  of  amyl^iychmnc  with  nitrate  of  silver.  Badiated  gronpa  of  oolomieM 
needles. 

COMPOVXDS  PRODUCED   BT  THB  ACTIOIT   OF  DiBBOXIDB 
OF  EtHTISMB  on  STRTCHlflNB. 

Dihydrobromate  of  Ethyl ene-strychnine,  C«'H*'N*((?H«)02.2HBr.— When  atxychmne 
is  heated  in  a  sealed  tube  for  a  quarter  of  an  hour,  with  alcohol  and  excess  of  dibromide 
of  ethylene,  and  the  residting  crystals  are  boiled  with  water  until  the  alcohol  and  excess 
of  dibromide  of  ethylene  are  expelled,  the  solution,  on  standing,  deposits  crystals  of  this 
salt.  White  ciystsJs,  only  slightly  soluble  in  cold,  but  easily  in  hot  water  and  alcohoL 
The  solution  is  not  precipitated  by  ammonia,  potash,  or  soda.  The  crystals,  treated 
with  acid  chromate  of  potassium  and  sulphuric  acid,  yield  the  same  reaction  as  strych- 
nine ( M  ^  n  6 1 r  i  ^  s).  Treated  with  silver-salts,  the  crystals  give  up  half  their  bromine, 
but  moist  oxide  of  silver  removes  the  whole;  thus  two  series  of  compounds  are 
formed. 

a.  Compounds  contmning  Bromine. — An  aqueous  solution  of  the  crystals  is  pre- 
cipitated by  sulphate  of  silver ;  the  excess  of  silver,  and  also  of  snlphoric  add,  is 
removed  by  baryta-water ;  carbonic  acid  is  then  passed  in,  and  the  solution  is  filtered : 
the  resulting  alkaline  liquid,  evaporated  to  dryness,  leaves  a  resin,  which  M^n^tri^s 
calls  Htfdrated  Oxide  ofStrychnine-bromethyl-amnumiumf  and  represents  by  the  foimula 
(jtiH«iN«(C2H'Br)0*.E«0. 

Sulphate  of  Sirychmne-hromethyl,  C"H"N'(C«H*Br)OMI«SO«.— Obtained  by  decom- 
posing dihydrobrumate  of  cthylene-strychnine  with  sulphate  of  silver. 

Nitrate  of  Strychnine-bronuthyl,  C«'H«'N'(C'n*Br)0».HNO».— Obtained  by  decom- 
posing dihydrobromate  of  ethylene-strychnine  with  nitrate  of  silver.  White  neediest 
sparingly  soluble  in  cold,  readily  in  hot  water,  not  decomposed  by  alkalis. 

Platinum-salt,  2C«H-'N«(C*H<Br)0».2HClPt»*Cl*.— Obtained  by  precipiUting  the 
dihydrochlorate  with  tetrachloride  of  platinum. 

h.  Compounds  free  from  Bromine: — 

Hydrate  of  Ethylene-strychnine,  C«'n»N«(C«H*)0«.H*0.— Solution  of  dihydrobromAte 
of  ethylene-strychnine,  digested  with  moist  oxide  of  silver,  becomes  of  a  reddish  colour, 
and  the  hydrate  is  obtained  by  evaporating  the  filtered  solution.    (M^nitri ^s.) 

Trichloreihylene^rychnine,  C"H"Cra*(C*H«)0«.  —  A  white  fi\>thy  subsUnce. 
obtained  bv  passing  chlorine  into  an  aqueous  solution  of  hydrate  of  ethylene-strych- 
'Uine.     (Men^tri^s.) 

NUrate  of  NUro-ethyUne-strychnine,  C"H'»(N0«)N-(C«H*)0».HN0». —- When  an 
aqueous  solution  of  hydrate  of  ethylene-str}'chnine  is  mixed  with  ni^c  acid,  a  white 
crystalline  powder  is  deposited,  insoluble  in  water,  but  soluble  in  strong  acids;  on 
evaporation  with  nitric  acid,  an  orange-red  substance  is  formed,  which  has  probably 
the  above  formula. 

ClUorostryolmine,  C*'H«'C1N*0«.— When  a  hot  solution  of  hydrochlorate  of 
stiychnine  is  treated  with  chlorine-gas,  a  resin  gradually  deposits,  the  solation  retain- 
ing hydrochlorate  of  chlorostiychnine.  Ammonia  is  then  added  to  the  solution  drop 
by  drop,  until  a  small  permanent  precipitate  is  formed,  the  liquid  is  filtered,  and  the 
filtrate  is  precipitated  with  ammonia.     (Laurent.) 

Sulphate  of  Chlorostrychnine,  2C"H«ClNa0«.H»S0<.— Prepared  by  nentralising  dilute 
sulphuric  acid  with  chlorostrychnine,  and  obtained  in  crystals  by  evaporating  the 
solution. 

Classified  List  of  Memoibs  on  Stbtchnine. 

Detection  of  Strychnine.— Brieger,  Jahrb.pr.Pharm.  xx.  87.— BingIey,Chem.  Gas. 
1856,  p.  229.— De  Vrij  and  Van  derBurg.  Pharm.  J.  Trans,  xvi.  448.— Erdmann 
and  Marchand,  J.  pr.  Chcm.  xxxi.  374.  J.  Erdmann,  Ann.  Ch.  Pharm.  cxxiL 
360. — ^Eboli,  Archiv.  der  Pharm.cxxxv.  186. — Flan  din,  Compt.  rend.  Ixxxvi.  617.— 
Gorup-Besanes,  Handworterb.  [2]  i.  468.— Hiinefeld,  Schw.  Ix.  464.— Hagen, 
Ann.  Ch.  Pharm.  ciii.  169. — Jordan,  N.  Repert  x.  166.— Mayer,  J.  Pharm.  [3],  xlri. 
124.— Otto,  Ann.  Ch.  Pharm.  c  39.— Reese,  Chem.  News,  1862,  p.  316.— Rousseau, 
J.  Chim.  MM.  XX.  416.--Rodgers  and  Girdwood,  Pharm.  Trans,  xvi.  497.— Stas, 
J.  pr.  Chem.  Iv.  232.— Stevenson  Macadam,  Pharm.  J.  Trans,  xvi.  120,  160; 
Kopp's  Jahresbr.  1856,  p.  769.— Schroder,N.  Br.  Arch.xciii.  190.— Thorn  as,  Amer. 
Joum.  Pharm.  1862,  p.  227.— Thorn  son,  Pharm.  g.  Trans,  ix.  24.— Vogel,  N.  Repert, 
Pharm.   ii.   560. — Von    Uslar  and  J.  Erdmann,  Ann.  Ch.   Pharm.  cxz.  121. — 
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rOS.  A  genufl  of  apocynaceoos  plants,  including  seversl  specios  whieb 
yield  strychnine  and  brucinc.  Strychnos  colubrina,  a  tree  growing  in  toe  Molnocas, 
yields  snake-wood,  which  contains  a  large  quantity  of  fatty  matter,  and,  aooozdiiig 
to  Pellctier  and  Caventon,  a  certain  quantity  ot  stiychnine,  but  less  than  nnz-Yomica ; 
it  was  formerly  used  as  an  antidote  to  the  bites  of  poisonous  serpents.  The  frnit  of 
Sir.  Nux'Vomica  yields  strychnine  and  brucine.  Sir.  8t.  Iffnatii  yields  the  beans  of 
•S't.  Ignatius,  which  contain  strychnine  with  a  rery  small  quantity  of  bmcine.  8tr. 
'IHeute  yields  Upas-tieut^,  the  Jayan  arrow-poison,  which  also  contains  stzjehnine 
with  traces  of  brucine.  Tlie  bark  of  Str.  Pscudochina,  a  tree  growing  in  Bnudl,  and 
used  there  as  a  febrifuge,  is  said  by  Vauquelin  not  to  contain  strychnine. 

8Tin>BSZTB«  A  fahl-ore  occurring  in  the  dolomite  of  Ausserbeig,  in  the  Valais. 
It  is  laminar  to  massive,  of  uneven  fracture,  black,  of  specific  gravity  4*65.  Aooor- 
ding  to  an  analysis  by  Fellenberg  (Jahresb.  1865,  p.  872),  it  contains,  in  100  puts: 

S.  Sb.  As.  Bi.  Cu.  Zn.  Fe.  Pb.  A|e. 

24-47         16-58         11-49        058        3817        611         276         0-88         0*96 


A  mineral  found  in  the  island  of  Li  pari,  and  analysed  by 
A.  Stiibcl  (Jahresb.  1865,  p.  892).  It  is  amorphous,  botryoi'dal,  kidney-shaped,  or 
encrusted ;  vezy  brittle,  of  conchoidal  fracture,  and  vclvet-blaick  to  pitch-black  ooloar. 
Ilurdneas  »  4  to  5.    Specific  gravity  =  2-223  to  2*263.     Contains : 

SiO*.  APO».        Fe«OS.         Mn«(>\         MrO.  CuO.  d.  H«0. 

26-99        5-37         1018        2189        103        1523        0*77         15'85     —       98-31 

Syn.  with  Gehlkiote. 

Peculiar  elongated  calcareous  formations,  occnrring  in  the 
Muschelkalk  at  Kiidersdorf,  near  Berlin. 

STTILOTTPB.     An   antimonial  fahl-ore  from   Copiapo  in  Chile,  occarring  in 
groups  of  four-sided  nearly  rectangular  prisms,  probably  belonging  to  the  trimetric 
system.      It  has  an   imperfectly  conchoidal  fracture,   iron-black  colour,  and  black 
streak.    Hardness  »  3.    Specific  gravity  a  4-79.    Contains : 
S  Sb.  Co.  Ag;  F«.  Pb,  Zn. 

24-30        30-53        28*00        830        7*00        trace         »         98*13 

agreeing  nearly  ^th  the  formula  3  <  ^  ^  *  f'of  [  *  ^^^**  which  is  of  the  general  form 
SR^S-Sb-S*. 

Syn.  with  Oxtpicbic  Acid  (iv.  317). 
Native  hydratcd  sulphate  of  aluminium.    (See  Sulfhatbs.) 
Native  basic  ferric  sulphate.    (See  Sxtlfhatbs.) 
Styrylic    or    CinnyUc    Cinnamate,   C>"H"0«      =      ^^^^|o. 
(i.  986.) 

[     Syn.  with  Sttbylic  Alcohol  (p.  447). 

Syn.  with  Stobax  (i.  497). 

Syn.  with  Cinnamknk,  C'H'  (i.  982). 
Diatyrolf  C'^fl'*,  is  produced  b^  heating  cinnamic  acid  with  aqueous  bydrobiomie 
acid  of  specific  gravity  1*12,  or  with  a  mixture  of  1  pt.  oil  of  vitriol  and  2  pts. 
^irater  * 

2C'>H»0«  =  2C0«  +   C>«H". 

It  is  an  oily  hydrocarbon,  which  forms  with  bromine  the  crystalline  compound, 
C'*H*'Br'.  It  is  not  converted  into  metastyrol  (metacinnamene,  i.  982)  by  continued 
heating  to  200^.     (Erlenmeyer,  Ann.  Ch.  Pharm.  cxxxv.  122.) 

,    Syn.  with  Sttbtlio  Alcohol. 

Syn.  with  Ginntl,  C'H*. 


C^»N  «  N  j  ^'.     Cinnylamine,     (R a mdo  h p,  Zeitschr. 

f.  Pharm.  1868,  p.  113;  Jahresb.  1858,  p.  448.)— A  base,  prcduced  hy  heating 
styiylic  chloride  with  a  solution  of  ammonia  in  absolute  alcohol  in  sealea  tabes  to 
100°  (the  tubes  are  apt  to  explode  at  higher  temperatures).  The  resulting  hydro- 
chlorate  of  styrylamine  is  purified  by  rccrystallisation  from  water  and  pressure  between 
paper ;  and  from  the  aqueous  solution  of  this  salt,  the  base  is  separated  by  potash  as  a 
bulky  precipitate,  which,  by  solution  in  other  and  spontaneous  evaporation,  is  obtained 
in  small  colourless  crystals. 
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Styrylio  Iodide,  (?H*I,  is  produced  by  the  action  of  iodide  of  pbosphonis  oo 
styrylic  alcohol.  The  action  takes  place  without  aid  of  heat ;  the  stjiybc  alcohol 
melts,  and  the  mixture,  when  warmed,  separates  into  two  layers,  the  upper  of  which 
consists  of  styrylic  iodide,  to  be  purified  like  the  chloride.  It  is  heayier  than  water ; 
has  an  aromatic  odour,  and  burning  taste ;  cannot  be  distilled,  either  alone  or  with 
water. 

Styrylic  Oxide,  (C*H»)K),  is  produced  by  the  action  of  boric  anhydride  on  styiylic 
alcohol.  When  the  two  substances  are  triturated  together,  the  alcohol  first  melts,  and 
the  mixture  solidifies ;  and  on  heating  it  in  sealed  tubes  to  100*^,  for  fire  or  six  hoon, 
the  formation  of  the  styrylic  oxide  is  completed ;  the  product  may  be  freed  fiam  boric 
acid  by  means  of  soda-solution. — Styrylic  oxide  is  a  light-yellow  viscid  oil,  haviog  an 
odour  of  cinnamon,  heavier  than  water,  partially  decompoi*ed  by  distUlation. 

Styryl-ethylic  Oxidf,  C^H'.CH*.©,  produced  by  the  action  of  sodic  ethylate  on 
styrylic  chloride,  is  a  liquid  heavier  than  water,  insoluble  therein,  easily  solnble  in 
alcohol  and  ether,  and  distilling  at  a  very  high  temperature. 

Styrylic  Sulphide,  (C*H*)'S,  obtained  by  mixing  the  alcoholic  solutions  of  styrylie 
chloride  and  potassic  monosulphide,  is  a  yellowish,  fetid,  non-distillable  oiL 

BTTSTX^nrB.    The  name  given  by  Chiozza  to  a  base,  C*H*N,  probably  formed 

by  the  action  of  ammonium-sulplude  on  metastyrol  (i.  983). 

BinUBAMZO  AOXB.  C*H>»NO*  »  (CH'K)*)"  I  q.— Produced  by  the  dry  dis- 
tillation of  ammonium-suberate.  It  is  fusible,  soluble  in  boiling  water,  and  deposited 
therefrom  on  cooling.  On  boiling  it  with  barium- carbonate,  and  treating  the  filtrate 
with  silver'Uitrate,  a  eelatinous  precipitate  is  formed,  containing  38  per  cent,  silver, 
agreeing  approximately  with  the  formula  C*H*^AgNO',  which  requires  38*57  per  cent, 
silver.    (Gerhardt,  Compt  chim.  1845,  p.  178.)* 

BJnMMAXXUm  C*H'*N<0*  »  N'(C«H/K)>)".H«.-White  crystaUine  substance, 
produced  by  the  action  of  aqueous  ammonia  on  methylic  suberate,  or  by  passing 
ammoniacal  gas  into  im  alcoholic  solution  of  ethylic  suberate.  (Laurent,  J. pr.  CheoL. 
xxvii.  313.) 

C«H*.H  )iy 

BXmmMAMXLilO  JLOZn      Phcnyl-suberamic  Acid,  C'*W]^0*  -   (C*H"0^''V^* 

(Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  185.) — Produced,  together  with 
suberanilide,  by  melting  suberic  acid  with  an  equal  volume  of  dry  aniline.  When  the 
alcoholic  liquid  from  which  suberanilide  is  precipitated  by  water,  is  evaporated  till 
the  alcohol  is  driven  ofiT,  a  brownish  oil  separates,  which  solidifies  on  coming.  This 
oil  is  dissolved  in  boiling  ammonia,  which  leaves  a  certain  quantity  of  suberanilide, 
and  filtered;  from  the  filtrate  hydrochloric  acid  precipitates  colourless  suberanilie 
acid.  If  during  the  boiling  a  slight  excess  of  hydrochloric  acid  be  added,  suberanilie 
acid  will  separate  on  cooling,  partly  crystalline,  and  partly  as  a  pale-yellowish  oil,  which 
afterwards  solidifies. 

The  acid  forms  microscopic  laminae,  irregularly  notched,  melts  at  128^,  becoming 
crystalline  on  cooling.  It  is  not  soluble  in  cold,  and  but  slightly  soluble  in  hot  water. 
It  dissolves  readily  in  ether.  The  solution  in  hot  water  readens  litmus.  By  dry 
distillation  it  yields  much  charcoal,  and  a  thick  oil  containing  aniline,  which  partly 
solidifies  on  cooling.     Fused  with  potash  it  yields  aniline. 

Suberanilate  of  Ammonium. — The  acid  dissolves  easily  in  hot  ammonia,  and  the  salt 
is  deposited  in  small  granular  crystals,  whose  aqueous  solution  is  not  coloured  by 
chloride  of  lime. 

The  ammonium-salt  precipitates  chloride  of  barium ;  the  precipitate  dissolves  readily 
in  boiling  water,  and  separates  on  cooling  in  woolly  flakes.  With  chloride  of  calcium 
it  gives  a  white  precipitate,  soluble  in  hot  water;  with  It  ad-salts  a  white  precipitate, 
insoluble  in  water.  It  precipitates  ferrous  salts  yellowish-white,  cupric  salts  light- 
blue,  the  precipitate  being  insoluble  in  water ;  with  silver-nitrate  a  white  precipitate, 
insoluble  in  water,  and  turning  violet  on  exposure  to  light. 

(O^H^OT) 
BVBaXAXniBB.    Phenyl-suberamide.    C'^H^'^N^O*  »    (C«H»)<    VN*.    (Lan- 

rent  and  G erhar dt,  Ice.  cit.) — ^When  equal  measures  of  dry  aniline  and  fused  snberie 
acid  are  melted  together,  water  is  produced.  The  mixture  is  kept  melted  for  ten 
minutes  near  the  boiling  heat ;  and  an  equal  bulk  of  alcohol  is  tnen  added,  which 

•  In  hi!  TVaitS  de  Ckimie  organique  (il.  73»),  publUhed  in  1854,  GM-hardt  lUtei,  bow«T«r,  that  SttbMw 
Mnic  acid  hat  n«>t  jet  b«en  obUintd. 
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neutral  acetate  of  load.  When  mtorated  with  ammonia,  it  precipitatee  the  solutions 
of  barium-,  calcium-,  and  Btrontium-chlorides  only  on  addition  of  alcohol,  but  forms 
an  immediate  white  precipitate  in  solutions  of  the  neutral  salts  of  silver,  mercury, 
zinc,  and  tin — bluish -green  with  cupric  sulphate,  red-brown  with  ferric  sulphate. 

The  composition  and  physical  characters  of  the  suberates,  as  determined  by  Arppo, 
are  as  follows : 

Neutral  suberate  of  sodium     .         .  2C*H'*Na'0*.H*0    warty  or  dendritic  aggregates. 

.  C«H»*NaO*  tuftfl  of  needles. 

.  C«H>«Ba"0*  ) 

.  C'H'^Sr'O*  >crystalline  precipitates. 

.  2C«H'»Ca'*0*.H«0 ) 

.  C''H"Mg"0«.3H*0  warty  crystalline  aggregates. 

white  amorphous  powder. 

.  C"H"Zn"0*  fine  granular  precipitate. 

.  C«H'«Mn''0«.SH«0  light-red  crystalline  spangles. 

,  C«H'»Mn"0*  produced  on  boiling. 

.  C«H'*Ca"0*.HK)      green  precipitate. 

.  C«H"Ag*0*  white  precipitate. 

.  C"'H"Pb''0*  white  precipitate. 

.  C«H>«Pb"0«.2Pb"0  produced  on  boiling  with  am- 

monia. 

.    £^Ayw5M5<ya^^,C»2H«0««(^^^iy'|0«,  is  obtained 

by  heating  suberic  acid  with  alcohol  and  sulphuric  or  hydrocliloric  acid,  or  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  suberic  acid.  It  is  a  limpid  liquid, 
haying  a  faint  odour  and  nauseous  taste.  Specific  gravity  =  1*003  at  15^.  Boils 
without  decomposition  at  230°  (Bromeis),  at  260*^  (Laurent).  It  mixes  in  all 
proportions  with  alcohol  and  ether.  It  is  scarcely  attacked  by  aqueous  potash,  but 
alcoliolic  potash  quickly  decomposes  it.  With  alcoholic  ammonia  it  yields  suberamide 
(p.  448).  By  chlorine  it  is  slowly  converted  into  chlorethylic  suberate, 
C'*'H»»CTO*.    (Laurent.) 

Meiht/licSuherate,  C^m^^O*  «  (^!^g9P"  1 0«.— Prepared  like  the  ethyl-compoimd 

which  it  resembles.  Specific  gravity  =  1*014  at  18°.  Forms  suberamide  with  ammo- 
nia.    (Laurent.) 

Cellulose  from  cork. 


Acid  „    ■ 

Suberate  of  barium 

„  strontium   . 

„  calcium 

„  magnesium 

„  aluminium. 

,,  zinc   . 

„  manganese 

»»  »i 

„  copper 

„  silver 

lead  . 
(basic) 
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Hxfdride  of  Suberyl. — When  suberic  acid  is  distilled  with  excess 
of  lime,  a  distillate  is  obtained,  which  yields  by  rectification  an  aromatic  liquid 
boiling  at  176°,  and  probably  consisting  of  suberone,  the  ketone  of  subeiie  add, 
C»«H"0*  =  (C«H>*0'»)''((>H")"— its  formation  taking  place  thus : 

2C«H'«0*     -     2C0*   -h   2H»0   +   C'*H"0«. 

Its  composition  has  not,  however,  been  ascertained  with  certainty,  and,  moreover,  it 
diiFers  irom  ketones  in  general  in  being  converted  into  suberic  acid  by  the  action  of 
nitric  acid.    (Boussingault,  Ann.  Ch.  Pharm.  xix.  308. — Tilley,  ibid,  xxxix.  167.) 

SVBa&TXto  C*H'^0'. — The  diatomic  radicle  of  suberic  acid,  &;c.  Boussingault 
applied  the  same  term  to  the  radicle  C*H"0,  which  he  supposed  to  exist  in  the  so- 
called  suberone,  that  compound  having,  according  to  his  analysis,  the  composition 
O»H'*0   =  (C«H'*0)"H«. 

BVrBXiZiaATB.  A  lx)dy  obtained  in  the  solid  state  by  the  cooling  of  its  vapour — 
e.  g.  sulphur,  iodine,  sal-ammoniac,  mercuric  chloride  (corrosive  sublimate,  &c,) 

SVBSUaszv.    The  name  applied  by  O'Shaughnessy  (Ann.  Ch.  Pharm.  xv. 

265)  to  a  faintly  reddish  body,  which  ho  obtained  from  blood-serum  by  mixing  it  with 
alcohol,  filtering,  and  heating  the  turbid  filtrate ;  but  its  separate  identity  is  not 
established  by  any  satisfactory  evidence. 

SUBSTITUTAOV.  Under  the  head  of  EQUivALEirrs,  frequent  allusion  has  been 
made  to  the  substitution  of  one  element  for  another.  Substitution  is,  in  &ct,  the  great 
agent  of  chemical  change.  The  instances  in  which  compounds  are  formed*  by  direct 
union  of  their  elements,  ultimate  or  proximate,  or  decomposed  by  direct  separation  of 
those  elements,  are  com^)aratively  rare ;  and  even  these  may  often  be  regarded  as 
particular  cases  of  substitution  (see  Chemicax  AFmnTT,  i.  857):  thus  the  formation 
of  hydrochloric  acid,  when  chlorine  and  hydrogen  come  in  contact,  may  be  supposed  to 
take  place  by  an  interchange  of  these  elements  between  a  molecule  of  chlorine  and  a 
molecule  of  hydrogen,  each  consisting  of  two  atoms  : 

Cldi  +   HH     «     nCl   +   HCL 
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The  following  are  the  most  important  cases  of  substitution : — 
1.  Of  ChlaroH8  or  Acid  Raduies  for  Hydrogen. — Chlorine  and  bromi  ne  maj,  in 
many  instances,  be  introduced  into  hydrogen-compounds  (chiefly  organic)  by  direct  sub- 
stitution, 1  atom  of  hydrogen  being  removed  and  entering  into  combination  with  1  at. 
chlorine  or  bromine,  while  another  atom  of  the  haloid  element  takes  the  place  of  the 
hydrogen  remoTed.  Thus,  when  chlorine  acts  upon  marsh-gas  (methylic  hydride),  the 
products  are  hydrochloric  acid  and  methylic  chloride : 

CH*  +   Cl«     =    HCl  +  CH«C1; 

and  by  the  continued  action  of  the  chlorine,  the  latter  compound  may  be  convcrtod, 
successively,  into  CH'Cl'  and  CHCl',  the  last  being  the  compound  usually  called  chlo- 
roform. In  like  manner,  acetic  and  treated  with  chlorine  in  sunshine,  in  different  pro- 
portions, yields  mono-  and  tri-chloracetic  acid : 

C»H«0«  +     Cl«     -     HCl   +   C«H»C10». 
CH*0«  +   sa*     »    8HC1   +   C»HC1»0«. 

Iodine  does  not  acton  hydrogen-compounds  so  easily  as  chlorine  and  bromine;  but 
when  it  is  presented  in  the  form  of  chloride  or  bromide  of  iodine,  an  action  takes  place 
exactly  similar  to  that  just  described,  an  atom  of  hydrogen  being  removed  by  the  chlo- 
rine or  bromine,  and  its  place  supplied  by  an  atom  of  iodine :  e.  g. — 

C»H«0«  +   ClI     -     HCl  +  C»H»IO«. 

Pyromecoaic  lodopyrome- 

acid.  conic  acid 

In  some  cases  an  oiganic  compound  first  unites  directly  with  2  at.  chlorine  or 
bromine,  and  the  product,  when  treated  with  alcoholic  potash,  splits  up  into  hydro- 
chloric or  hydrobromic  acid  (which  is  removed  by  the  alkali),  and  a  chloro-  or  bromo- 
substituUon-product :  thus  ethylene  takes  up  2  at.  chlorine,  forming  the  compound, 
C-H*C1*  (Butch  liquid),  which  is  resolved  by  alcoholic  potash  into  HCl  and  monochlor- 
ethylene,  C«H*C1.  This  in  like  manner  takes  up  2  at.  CI,  forming  CH'Cl*,  resolvable 
into  HCl  and  dichlorcthylene,  C-'H'Cl';  and  by  a  repetition  of  these  processes,  the 
compounds  C^UCl*  and  C*C1*  are  obtained  (ii.  673).  The  chloro-  and  bromo-naphtha- 
lencs  are  prepared  from  naphthalene  by  a  similar  series  of  processes  (iv.  10). 

Oxygen  may  be  substituted  for  hydrogen  (O"  for  H*  or  HO  for  H),  by  exposing 
organic  compounds  to  the  action  of  oxidising  agents,  a  familiar  example  of  which  is  the 
conversion  of  alcohol,  C'H*0,  into  acetic  acid. 

Nitro-substitution^  or  the  substitution  of  nitryl,  NO*,  for  hydrogen,  is  effected  by 
subjecting  organic  compounds  to  the  action  of  fuming  nitric  acid,  or  of  a  mixture  of 
strong  nitric  and  sulphuric  acids,  as  in  the  conversion  of  cellulose  into  pyrojnrlin. 

Allied  to  this  is  the  substitution  of  nitrogen  for  hydrogen  (N  for  H"),  by  the 
action  of  nitrous  add  on  certain  organic  compounds,  as  in  the  formation  of  the  diazo- 
compounds  discovered  by  Qriess  (iv.  292,  460) :  thus  aniline,  C*H'N,  is  converted  by 
the  action  of  nitrous  add  into  dia»>benzene,  C^*N' : 

C'H'N   +  NHO'     -     C«H*N«  +   2H*0. 

2.  Of  Hydrogen  and  other  Basylous  Radicles  for  Chlorous  Radicles. — This  reaction, 
Roraetimes  called  inverse  substitution,  is  effected  by  the  action  of  redudng  agents. 
Chlorinated  adds  are  easily  reduced  to  the  primary  adds  from  which  they  are  derived 
by  the  action  of  sodium-amalgam ;  the  first  transformation  of  the  kind  that  was  effected 
was  that  of  trichloracetic  into  acetic  acid.  The  conversion  of  nitro-compounds  into 
amidogen-compounds  (substitution  of  NH*  for  NO'),  bv  the  action  of  sulphydric  acid 
or  ferrous  acetate,  also  comes  under  this  head.  The  well-known  preparation  of 
amidobenzene  (aniline),  C*H*(NH'),  from  nitrobenzene,  C^\NO*),  may  be  taken  as 
an  example. 

An  Important  class  of  reactions  belonging  to  this  head  is  the  substitution  of  alcohol- 
radicles  for  chlorine,  oxygen,  &c.  by  the  action  of  the  zinc-oompounds  of  the  alcohol- 
radicles  :  e.  g.^  the  preparation  of  triethylphosphine,  P(CH*)",  by  the  action  of  zinc- 
ethyl  on  trichloride  of  phosphorus : 

3Zn''(C«H*)»  +   2PC1*     -     SZnCl*   +   2P(C*H»)». 

Another  example  of  this  kind  of  action  is  the  formation  of  diethoxalic  add  and  its 
homolofi:uee,  by  the  action  of  zinc-ethyl,  &c.  on  the  oxalic  ethers  (iv.  272). 

3.  Oi  Basylous  or  of  Chlorous  Radicles,  one  for  the  other. — To  this  head  belong  the 
innumerable  instances  of  the  mutual  decomposition  of  salts,  and  of  double  decomposi- 
tion in  general  (Chemical  Affinity,  i.  856) ;  also,  on  the  one  hand,  the  precipitation 
of  metals  from  their  solutions,  one  bv  the  otner  (as  of  copper  by  iron,  lead  by  zinc,  &c.), 
the  decomposition  of  acids  by  metals,  with  evolution  of  hydrogen ;  and,  on  the  other, 
the  decomposition  of  bromides  and  iodides  by  chlorine,  and  of  iodides  by  bromine — the 
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oonvezsion  of  sulphides  into  oxides  by  direct  ozidation,  &c.  Many  of  thesd  reac- 
tions appear  to  consist  in  a  simple  substitution  of  one  element  for  another,  which  is 
eliminated  without  entering  into  any  new  combination.  But^  on  closer  ezaminationy 
they  are  found  to  be,  at  least  in  some  cases,  analogous  to  the  chlorine-substitutionii 
already  considered.  In  the  oxidation  of  sulphides,  for  example,  a  considerable  por- 
tion, if  not  all,  of  the  sulphur  eliminated  is  oxidised  to  sulphurous  anhydride ;  in  the 
decomposition  of  bromides  and  iodides  by  chlorine,  the  latter,  if  in  excess,  unites  with 
the  ehminated  bromine  or  iodine;  and  even  in  the  precipitation  of  one  metal  by 
another,  alloys  are  frequently  formed,  as  in  the  precipitation  of  silver  by  mercury. 

An  important  class  of  reactions  belonging  to  this  place  is  the  substitution  daloohcH' 
radicles  for  hydrogen  and  metals,  as  in  the  seyeral  processes  of  etheriflcation  by  ^e 
action  of  acids  on  alcohols,  of  alcoholic  chlorides,  iodides,  &c,  on  alcohols,  and  on  the 
silTer-salts  of  acids  (see  Ethkrs,  ii.  611,  612).  The  formation  of  amines,  or,  in  other 
words,  the  replacement  of  the  hydrogen  in  ammonia  by  aloohol-radidas,  may  be 
effected  directly,  as  when  an  alcoholic  iodide  is  heated  with  ammonia  in  sesded  tabes 
(ii.  554,  iii.  994) ;  or  by  indirect  methods,  as  by  distilling  cyanic  or  cyanuxic  ethfln 
with  caustic  alkali. 

Most  of  the  methods  of  producing  orffano-metallio  bodies,  consist  in  acting  on  alloys 
of  potassium  or  sodium  with  the  alcoholic  iodides,  bromides,  &c. :  e.ff. — 

2(CH«)I     +     Na'Hg''      =      (CH»)«Hg''     +     2NaI ; 

Met  hylic  Mercuric 

Iodide.  methide. 

or  by  acting  on  a  metallic  chloride  with  the  zinc-compound  of  an  alcohol-radicle :  e^. — 

Zn"(C»H»/     +     Hg"Cl«       -      Hg'(C«H»)«     +     Zn'Cl* 

Substitution-derivatives  often  exhibit  a  marked  resemblance  to  their  primitiTea  in 
physical  and  chemical  characters.  That  this  should  be  the  case  in  bodies  formed  fiom 
one  another  by  the  interchange  of  similar  elements  or  radicles — such  as  hydrogen  and 
the  metals  on  the  one  hand,  or  chlorine,  bromine,  and  iodine  on  the  other — is  nothing 
more  than  might  have  been  anticipated  on  any  view  of  the  constitution  of  chemical 
compounds ;  but  that  a  radicle  of  decidedly  add  or  chlorous  character,  like  chlorine, 
bromine,  or  iodine,  should  be  capable  of  replacing  hydrogen  atom  for  atom,  and  dia- 
chaiging  functions  similar  to  that  of  the  hydrogen  in  the  prinaary  compound,  is  the 
doctrine  of  a  comparatively  recent  date,  and  iS;  in  fact,  diametrically  opposed  to  the 
older  views  of  the  constitution  of  compounds,  founded  on  the  electrical  relations  of 
their  elements.  The  resemblance  of  such  derivatives  to  their  primitives  is,  however, 
strikingly  exhibited  in  numerous  instances.  Take,  for  example,  acetic  and  trichlo!r- 
acetic  acid.  These  two  acids  are  both  crystallisable,  deliquescent,  soluble  in  water  and 
alcohol,  have  the  same  capacity  for  saturation,  yield  analoffous  salts  and  ethers,  jtc. 
Dilute  trichloracetic  acid  treated  with  amalgam  of  sodium,  is  reconverted  into  normal 
acetic  acid ;  and  the  two  acids,  when  boated  with  caustic  alkali,  are  decomposed  ac- 
cording to  similar  equations,  yielding  the  two  analogous  bodies,  marsh-gas  and  chloxo- 
furm,  thus : 

Acetic  acid .        .        .        C«H*0«  -       C0»     +     CH*  Maish-gas. 

Trichloracetic  acid       .        C«HC1«0«       -       C0«     +     CHC1»  Chloroform. 

Similar  resemblances  may  be  traced  between  isatin  and  its  derivatives  (iii.  406).  Thus 
isatin  and  chlorisatin  are  both  of  an  orange-red  colour,  are  isomorphous,  partly 
volatile,  slightly  soluble  in  water,  more  soluble  in  alcohol  and  ether ;  form  yellow  solu- 
tions ;  and  react  with  hydrate  of  potassium,  by  exchanging  an  atom  of  hydrogen  for  one 
of  potassium,  to  form  analogous  salts,  each  of  which  speedily  absorbs  an  atom  of  water 
into  it«  constitution,  to  form  the  isatinate  and  chlorisatinate  of  potassium  respectively. 
Moreover  the  two  bodies,  when  acted  upon  by  sulphydrate  of  ammonium,  ammonia,  and 
alkaline  bisulphites,  yield  hosts  of  analogous  compounds,  and  undergo  hosts  of  analogous 
reactions.  Isatin,  chlorisatin,  and  didilorisatin  treated  with  hydrate  of  potassium, 
yield  respectively  the  bodies,  aniline,  C'H'N,  chloraniline,  C*H*C1N,  dichloraniline, 
C*HH])1^,  each  of  which,  despite  the  constituent  chlorine,  has  alkaline  characters 
analogous  to  those  of  ammonia,  and  can  unite  directly  with  acids  to  form  salts. 

The  chlorinated  derivatives  of  the  natural  alkaloids  also  resemble  the  primary  alka- 
loids in  many  important  respects.  Thu«  dichlorocinchonine,  C"H'*CrN*0,  formed 
from  cinchonine  by  the  direct  action  of  chlorine,  resembles  the  normal  base,  not  only  in 
alkalinity,  solubility,  crystalline  form,  &c,  but  likewise  in  turning  the  plane  of  polari- 
sation of  a  luminous  ray  to  the  left.  Chlorostrychnine  also,  CH^'CINK)*, 
obtained  from  strychnine  or  its  salts  by  direct  substitution  of  chlorine,  produces  poiso- 
nous effects,  undistinguishable  from  those  of  the  natural  alkaloid. 

From  the  observation  of  such  resemblances,  Dumas  and  Laurent  were  led  to  conclude 
that  elements,  even  of  opposite  chemical  character,  may  in  many  instances  replace  one 
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/9.  From  malic  or  tartaric  acid  by  the  action  of  hjdriodic  acid  (B.  Sehmitt,  Ann. 
Ch.  Pharm.  cxir.  106), or  of  iodide  of  phosphoma  (Deasaignea,  Vrid.  cxr.  120  ;  cxvii. 
134): 

C«HH>»  +   2HI     -       H«0  +     P  +   C*HH)*. 

Malic  Succiiik 

acid.  add. 

CWO*  +   4HI     -     2HH)   +  2P  +   C«HH)«. 

Tartaric  Sucdnic 

acid.  acid. 

3.  In  many  processea  of  fermontation,  €,g.f  of  asparagin  (Piria),  malic,  maleie, 
fumaric,  and  aconitic  acids  (Dessaignes),  and  of  sugar,  whence  it  is  constAOtij 
present,  to  a  small  amount,  in  wine  and  beer  (Pasteur).  Its  formation  £com  malie^ 
maleic,  or  fumaric  acid  is  probably  a  simple  process  of  reduction.  Its  formation  from. 
asparagin  may  be  represented  by  the  equation : 

C«H«N«0"  +   3H»0  -  0»     -     2NH»  +   C*H«0*. 

4.  By  heating  cyanide  of  ethylene  to  100°  with  alcoholic  potash  (Maxwell 
Simpson,  Ann.  Ch.  Pharm.  cxviii.  373) : 

C'H\CN)«  +   2KH0   +  2HK)     =     2NH»   +   C*H«KK)*. 

ThiH  reaction  is  precisely  analogous  to  that  by  which  the  monobasic  acids  of  the  series, 
C*li^O',  are  formed  from  the  cyanides  of  monatomic  alcohols  {n.  202).  Cyaoide  of 
ethylene  is  also  converted  into  succinic  acid  by  heating  with  nitric  or  hydiochlorie  acid. 
(Simpson,  ibid.  153.) 

Preparation :  1.  From  Amber. — This  substance,  subjected  to  dry  distillation,  yields 
succiniq  acid  and  a  yolatile  oil,  together  with  water  and  a  small  quantity  of  a  resinous 
substance  o;i'led  Colophonium  sucdni.  On  heating  the  watery  distillate  to  the  boiling- 
point,  and  filtering  hot,  a  largo  quantity  of  oil  remains  behind ;  and  the  solutioo,  on 
cooling,  yields  crystallised  succinic  acid,  contaminated  however  with  a  considerable 

?[uantity  of  empyreumatic  oil,  from  which  it  may  be  freed  for  the  most  part,  but  not  per- 
cctly,  by  repeated  crystallisation.     Complete  purification  is,  however,  easily  effected 
by  treating  the  crude  succinic  acid  with  nitric  acid. 

2.  By  femuntation  of  Malic  Acid. — This  is  the  most  advantageous  mode  of  prqnring 
succinic  acid,  the  crude  malato  of  calcium,  obtained  by  neutralising  the  juice  of  moan> 
tain-ash  berries  with  chalk  or  slaked  lime,  being  generally  used  for  the  purpose.  A 
mixture  of  I  pt.  of  this  salt  with  6  pts.  water  and  |  pt.  yeast,  or  3  pte.  water  and 
^g  pt.  decayed  cheese,  is  placed  in  an  earthen  jar,  and  left  for  four  to  six  days  at  a 
tomi>«'ralure  of  30®  to  40®,  till  the  evolution  of  gus  has  ceased.  The  granular  preeipi- 
tato  is  thun  collected  upon  linen,  washed  several  times  with  water,  and  mixed  with 
dilute  sulphuric  acid  till  it  no  longer  effervesces  (from  admixed  calcic  carbonate); 
another  equal  quantity  of  sulphuric  acid  is  then  added  ;  the  mixture  boiled  for  awhile, 
till  the  calcium-salt  is  no  longer  granular :  the  liquid  strained  through  linen ;  the  pre- 
cipitate on  the  filter  thoroughly  washed ;  the  whole  of  the  liquid  evaporated  till  a 
crystalline  crust  forms  on  the  surface  ;  oil  of  vitriol  then  added  in  small  quantities,  as 
long  as  gypsum  is  thereby  precipitated ;  the  liquid  strained  off  (after  dilution  with 
water,  if  the  gypsum  forms  a  paste^ ;  the  precipitate  washed ;  and  the  whole  of  the 
liquid  again  evaporated :  it  then  yields,  on  cooling,  brownish  crystals  of  succinic  acid, 
stiU  contaminated  with  jprpsum.  These  crystals  are  purified  by  recrystallisation 
from  water,  sometimes  with  addition  of  animal  charcoal,  and  ultimately  freed  from 
gypsum  by  solution  in  alcohol  or  by  sublimation.  By  this  process,  12  pts.  of  calcic 
m^to  yield  from  3*75  to  4  pts.  of  pure  crystallised  succinic  acid :  the  mother-liquore 
do  not  retain  a  trace  of  malic  acid.  Three  pounds  of  calcie  malate  thus  tzeated  yield 
about  one  pound  of  pure  succinic  acid.    (Liebig.) 

The  formation  of  succinic  acid  in  this  process  is  accompanied  by  that  of  acetic  add 
and  carbonic  anhydride :  hence  the  reaction  is  commonly  represented  by  the  equation : 

3C<H«0*     -     2C*H«0*  +   CH^O*  +  2C0«   +  H«0. 
M'llic  Succinic  Acetic 

acid.  acid.  acid. 

Probably  two  reactions  go  on  simultaneously,  one  part  of  the  mahe  acid  being  con- 
verted by  fermentation  into  acetic  acid,  and  this  fermentation  causing  the  reduction  of 
another  portion  into  succinic  acid  (JCekul^).    See  Maiatb  of  Calchth  (iiL  702). 

Properties. — Succinic  acid  crystallises  in  prisms  belonging  to  the  monoclinic  system, 
generally  in  rhombic  or  hexagonal  plates,  the  face  qoPqo  replacing  the  acute  edge  of 
the  vertical  prism  ooP.  The  crystals  are  permanent  in  the  air,  have  an  acid  taste,  but 
no  smell.  Succinic  acid  is  much  more  soluble  in  hot  than  in  cold  water — ^viz.,  in  6  pts. 
water  at  16°,  and  2*2  pts.  at  100°  (Lecanu  and  Serbat).  It  is  less  soluble  in  alco- 
hol, and  nearly  insoluble  in  ether.     It  melts  at  ISO'^,  but  begins  to  emit  suffixsating 
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rapoara  eTcn  below  its  melting-point  It  boils  at  235^,  being  resolved  into  water  and 
succinic  anhydride. 

Decompositions. — 1.  Succinic  add  offers  great  resistance  to  the  action  of  oxidising 
agents,  not  being  affected  hy  nitric  acid,  chromic  acid,  chlorine-water,  or  a  mixture  of 
hydrochloric  acid  and  potassic  chlorate.  When  evaporated  to  dr3mes8  with  manganic 
peroxide  and  sulphuric  acid ^  it  viMs  acetic  acid  (Trommsdorff). — 2.  An  aqueous 
solution  of  sodic  snocinate  is  aecomposed  by  the  electric  current,  giving  off  at  the 
positive  pole  a  mixture  of  carbonic  anhydride  and  methylic  oxide  (Kolbe,  Ann.  Ch. 
Pharm.  cxiii.  244) : 

C*H«0«  +  H»0     «     (Cn»)«0  +  2C0*  +   H». 

3.  When  fused  with  potassic  hydrate,  it  yields  carbonate  and  oxalate,  together  with  a 
gaseous  hydrocArbon  (Lie big  and  Wohler). — 4.  It  is  not  attacked  by  strong  sul- 
phuric acid  (H'SO*)  even  when  heated,  but  sulphuric  anhydride  converts  it  into  succino- 
fiulphuric  acid. — 6.  Heated  with  bromine,  it  forms  substitution-products. —  6.  By 
dehydrating  substances,  such  tis  phosphoric  anhydride  and  phosphoric  pentachloride,  it  is 
converted  into  succinic  anhydride ;  in  the  latter  case  witn  formation  of  hydrochloric 
acid  and  phosphoric  oxychloride. 

Sneolnatefl.  Sncdnic  acid  is  dibasic,  the  general  forronia  of  its  salts  being  as 
follows : 

Neutral  Succinates  C*H*M«0*  and  C*H*M"0« 

Acid  „  C«H*MO«  and  C«H'«M"0«. 

There  are  also  a  few  double  succinates,  several  basic  lead-salts,  and  a  hyperacid  potas- 
siura-sult. 

Most  succinates  resist  a  temperature  of  200^  without  decomposition.  When  distilled 
with  acid  phosphate  or  sulphate  of  sodium,  they  yield  a  sublimate  of  succinic  anhy- 
dride. 

The  succinates  of  the  alkali -metals  and  of  magnesium  are  easily  soluble  in  water ; 
those  of  the  alkaline  earth-metals,  and  most  other  diatomic  metals,  are  sparingly 
soluble ;  those  of  sesqui -atomic  metals  are  insoluble. 

Succinic  acid  and  soluble  succinates  form,  with  ferric  salts,  a  red-brown  precipitate 
roscnibling  that  formed  by  benzoic  acid,  but  much  more  compact :  hence  succinate  of 
ammonium  is  a  more  convenient  reagent  for  the  precipitation  of  ferric  salts  than  the 
benzxMte.  With  acetate  of  lead,  succinic  acid  forms  a  precipitate  of  succinate  of  lead, 
soluble  in  excess  of  either  reagent.  With  chloride  of  barium,  the  acid  by  itself  gives 
no  precipitate ;  but  on  addition  of  ammonia  and  alcohol,  a  white  precipitate  is  formed : 
benzoic  acid  does  not  exhibit  this  reaction.  Succinic  acid  is  further  distinguished 
from  benzoic  acid  by  not  being  precipitated  from  its  soluble  salts  by  a  mineral 
acid. 

Succinate  of  Ammonium. — The  neutral  salt,  C*H*(NH*)*0*,  is  obtained  by 
supernatnrating  succinic  acid  with  ammonia,  and  leaving  the  solution  to  evaporate  over 
quicklime;  it  is  also  formed,  according  to  Firia,  in  the  putrefaction  of  asparagin.  It 
crystallises  in  hexagonal  prisms,  yery  soluble  in  water  and  in  alcohol.  Gives  off 
ammonia  when  exposed  to  the  air,  and  is  resolved  by  heat  into  ammonia,  water,  and 
Buccinamide.  Specific  gravity  -■  1-367  (Bodeker,  Jahresb,  1860,  p.  17). — The  acid 
salt,  C'H*(NH*)0*,  is  produced  when  the  solution  of  the  preceding  salt  is  evaporated 
by  heat.  It  cryst-allisee  easily,  is  veiy  soluble  in  water  and  alcohol,  has  an  acid  re- 
action, and  is  decomposed  by  heat,  like  the  neutral  salt.  The  crystals  are  tridinic, 
usuaUy  exhibiting  the  combination :  oP  .  'P,qo  .  ^P'oo  .  ooPoo  .  ootoo  .  ooP/.  Angle 
oP:  ooPoo  =  91"^  63';  oP  :  oofoo  =  93°  25';  oP  :  oo^F  -  910  46':  oP:  T.oo  = 
161<5  57'.  op  .^'oo  -  1510  7';  ooPoo  :  oot  «  lOO**  15';  ooP«  :  'f^oo  « 
119053';  ooPoo  :P'oo  =  117°;  oot»  :  ooF,  =  1360  46'.  (Brooke,  Ann.  Phil, 
xxii.  286.) 

Succinate  of  Barium,  C^H^Ba"©*  (at  200°).— White  crystalline  precipitate, 
slightly  soluble  in  water,  moderately  soluble  in  dilute  nitric,  hydrochloric,  and  acetic 
acid,  insoluble  in  ammonia  and  in  aicohoL  With  chloride  of  acetyl  it  yields  a  mix- 
ture of  acetic  and  succinic  anhydrides.     (Heintz,  Jahresb.  1859,  p.  279.) 

Succinate  of  Cadmium  crystallises  in  concentric  groups  of  prisms,  very  soluble 
in  water.  According  to  John,  it  appears  to  be  resolved  by  alcohol  into  two  other 
salts. 

Succinates  of  Calcium. — The  neutral  salt  is  gradually  deposited,  on  mixing  cold 
concentrated  solutions  of  calcic  chloride  and  sodic  succinate,  in  small  needles,  contain- 
ing C*H*Ca"0*.aH*0.  If  the  solutions  are  mixed  hot,  a  crystalline  precipitate  is 
immediately  formed,  composed  of  OH*Ca"0*.HH).    Both  precipitates  are  sparingly 
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soluble  in  water  and  acetic  acid,  insoluble  in  alcohol.  When  heated,  it  pvea  off  a  Tolatile 
oil,  called  succinone,  still  containing  oxygen,  but  haying  a  composition  not  yet  ascer- 
tained with  certainty  (D'Arcet).— The  acid  salt,  CH^Ca'O",  or  C'H*Ca'0«.C*HH)*, 
obtained  by  treating  the  neutral  salt  with  excess  of  acid,  is  likewise  crystallisable,  and 
slightly  soluble  in  water.  Alcohol  renders  the  crystals  opaque,  and  converts  them  into 
the  neutral  salt.     They  are  also  decomposed  by  heating  to  150^. 

Chromous  Succinate,  C*n*Ci!^0'.H'0,  is  a  scarlet  precipitate,  formed  on  adding 
succinate  of  sodium  to  chromous  chloride. — Chromic  sttccinate  is  not  known. 

Succinate  of  Cobalt. — Peach -blossom -coloured,  slightly  soluble  precipitate. 
According  to  Handl  (Wien.  Akad.  Ber.  xxxiL  254),  it  forms  monoclinic  prismatic 
crystals:  ooP  .  ooPn  .  [ooPool  .  oP.  Angle  ooP  :  ooP  (clinod.)  -  113*»36', 
ooP» :  ooPn  (clinod.)  =  136°  38  ;  oP :  ooP  -  116°  nearly. 

Succinate  of  Copper^  C^H^Cu^O*  (at  200°),  is  obtained  on  adding  recently  preci- 
pitated cupric  carbonate  to  a  boiling  aqueous  solution  of  succinic  acid,  as  a  bluish-green 
crystalline  powder,  slightly  soluble  in  water  and  succinic  acid,  less  soluble  in  acetic 
acid,  insoluble  in  alcohol  and  ether. 

Succinates  of  Iron . — a.  Ferric  salts.  Alkaline  succinates  form  with  fenie  salts  a 
red -brown  or  cinnamon-coloured,  precipitate,  consisting  of  a  basic  ferric  succinate.  The 
addition  of  sodic  acetate  before  precipitation  renders  Uie  precipitate  more  compact.  It 
dissolves  in  acetic,  succinic,  and  mineral  adds.  Ammoma  appears  to  convert  it  into  a 
still  more  basic  salt. — fi.  Ferrous  succinate  is  a  greyish-^^reen  precipitate,  which 
oxidises  in  the  air,  is  slightly  soluble  in  water,  easily  soluble  in  suocinic  acid,  partially 
soluble  also  in  ammonia  and  ammoniacal  salts. 

Succinates  of  Lead.— The  neutral  salt,  C*R*Fh''0*  (at  100°),  is  obtained  hj  pre- 
cipitating neutral  acetate  of  lead  with  neutral  sodic  succinate,  or  a  hot  solution  of 
succinic  acid  with  basic  acetate  of  lead.  It  is  a  white  powder,  which  becomes 
crystalline  if  precipitated  from  hot  solutions.  It  is  slightly  soluble  in  water,  easily 
soluble  in  dilute  nitric  acid  and  in  potash.  Specific  gravity  «-  3*800  (Bodeker). — 
A  basic  salt,  2C^H*Pb''0\Pb''0,  is  obtained  on  mixing  succinate  of  sodium  with  basic 
acetate  of  lead,  as  a  glutinous  precipitate,  which  sticks  to  the  sides  of  the  yessel  while 
warm,  and  becomes  brittle  on  cooling.  Another  basic  salt,  C^H*Pb"0*.2Pb''0  (at  200°^ 
is  produced  by  treating  the  neutral  salt  with  excess  of  ammonia.  It  is  a  white  powder, 
insoluble  in  water,  easily  soluble  in  potash,  and  in  dilute  nitric  add. 

Succinates  of  Magnesium. — The  neutral  salt,  C*K*M^'0\6BH),  forma  pris- 
matic crystals,  which  give  off  all  their  water  at  130°.  It  is  very  solnble  in  water, 
insoluble  in  alcohol.  The  aqueous  solution  appears  to  yield,  by  concentration,  eiystala 
containing  a  smaller  proportion  of  water  (Fehling). — A  basic  salt,  2C*H*jB^g"0*. 
4Mg''0.H*0  (at  100°?),  isoDtained  as  a  white  pulverulent  predpitate,  on  adding  ammonia 
to  a  solution  of  the  neutral  salt — Magnesio-potassie  succinate,  C*H*Mg'XK)*.6H*0, 
crystallises  in  fine  double  six-sided  pyramids,  very  soluble  in  water,  permanent  in  the 
air,  and  neutral  to  test-paper. 

Succinate  of  Ma  nganese,  C*H*Mn"0*.4H^0. — Rhomboidal  prisms  or  qnidran- 
gular  tables  (tridinic,  according  to  Handl),  transparent,  amethyst-coloured,  neatzal, 
permanent  in  the  air,  giving  off  their  water  at  100°. 

Succinates  of  Mercury. — a.  Mercuric  salts.  Mercuric  acetate  gives  a  white 
precipitate  with  sodic  succinate.  A  mixture  of  sodic  succinate  and  mercuric  chloride 
yields,  by  evaporation,  slender  needles,  apparently  consisting  of  a  double  salt. 
Kecently  precipitated  mercuric  oxide,  boiled  with  aqueous  sncdnic  add,  is  partly  con- 
verted into  a  white  powder,  which  appears  to  be  a  basic  succinate. — fi.  Merewrous  salt. 
Alkaline  succinates  form,  with  mercurous  nitrate,  a  white  predpitate  of  merenroas 
sucdnate,  mixed  with  mercurous  nitrate. 

Succinate  of  2yr»cA:«/,  C*H*Ni''0«.4H«0.— The  solution  of  nickel-hydrate  in  hot 
aqueous  succinic  add  deposits  this  salt,  by  evaporation  over  oil  of  vitriol,  in  green 
nodules,  soluble  in  water,  sicetic  acid,  and  ammonia,  insoluble  in  alcohoL  It  gives  off 
ito  water  at  130°. 

Succinates  of  Potassium The  neutral  salt,  C*H*K*0*.2H'0,  forms  conftised 

deliquescent  crystals,  soluble  in  alcohol,  insoluble  in  ether,  giving  off  their  water  at 
100°.— The  acid  salt,  C^H*K0\2H'0,  crystallises  readily  in  transparent  regular  six- 
sided  prisms,  which  effloresce  slishtly  in  contact  with  the  air.  It  is  very  soluble  in 
water,  reddens  litmus,  gives  off  its  water  of  crystallisation  at  100°. — A  hyperacid  salt^ 
2(C*H*KO*.C^H«0*).3H'^0  (?),  obtained  by  neutraHsing  a  hot  solution  of  1  pt  succinic 
add  with  carbonate  of  potassium,  and  then  adding  3  pts.  more  succinic  acid,  crystal- 
lises on  cooling,  sometimes  without  water,  sometimes  with  9*65  per  cent,  water  of 
crystallisation.     (Fehling.) 

Succinates  of  Silver. — Argentic  salt,  C•H*Ag'0^    Succinate  of  sodium  predpi- 
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the  two  ends,  and  generally  bare  bat  impcrfeotly  dereloped  fiiees ;  thej  desre  im- 
perfectly pardUa  to  +  P2.     [J.  Lischmid t,  Wien.  Akad.  Bep.  lii.  (2  Abth.),  238.] 

Derivatives  of  Succinic  Acid. 

No  chlorinated  snbititation-products  bare  hitherto  been  obtained  from  snccinie  acid. 
By  the  action  of  rhlorinc  on  citric  acid,  however,  Plantamonr  obtained  an  oily  body 
(perhaps  C*C1*0'.C1*.)»  which  when  treated  with  alcoholic  potaah  yielded  a  potassium- 
gait  having  the  composition  of  potaasictetrachlorosnccinate,  C*C1*K*0*;  it  is  not,  how- 
ever, known  whether  the  acid  of  this  salt  is  really  a  derivative  of  succinic  acid.  (See 
Cmuc  AcTD,  i.  996.) 

Bromosnocinlc  Adds. — Two  of  these  acids  are  known,  viz.  mono-  and  di-bromo- 
succinic  acid,  both  of  which  may  be  produced  by  the  direct  action  of  bromine  on  succinic 
acid. 

MoKOBBOMosucciHic  Acid,  C*H*BrO' -   (^*^'^^'^{o«.     (Kekul6,Ami. 

Ch.  Pharm.  cxvii.  125.) — ^The  conditions  under  wfaieb  this  acid  is  fonnsd  are  not 
exactly  known.  When  succinic  acid  is  heated  with  bromine  and  water  in  a  sealed 
tube,  dibromoeuccinic  acid  is  generally  produced,  even  when  the  bromine  and  succinic 
acid  are  mixed  in  the  pro))ortion8  required  to  form  the  monobrominated  acid.  The 
formation  of  the  latter  appears,  however,  to  be  promoted  by  the  presence  of  a  quantity 
of  water,  larger  than  that  which  is  most  fiivourable  to  die  production  of  dibiomo- 
succinic  acid.  Carius  (Ann.  Ch.  Pharm.  cxxix.  6)  prepares  the  monobrominated 
acid  by  slowly  heating  5  grms.  succinic  acid  with  2^  c.c  bromine  and  40  cc  water, 
to  120^  in  sealed  tubes,  and  obtains  it  pure  by  one  recrystallisation.     Even  when  quite 

Sure  succinic  acid  is  used,  a  small  quantity  of  a  heavy  brominated  oil  is  likewise  pro- 
uced,  having  the  composition  C'H'Br*. 

Monobromosuccinic  acid  is  very  soluble  in  watbr,  and  crystallises  in  small  nodular 
aggregates.  After  neutralisation,  it  throws  down  from  a  solution  of  silTer-nitntte  a 
white  silver-salt,  which  quickly  decompose  with  formation  of  silver-bromide.  Oik 
adding  silver-oxide  to  the  aqueous  solution,  bromide  of  silver  is  quickly  fonned,  and 
the  smution  contains  malic  acid. 

According  to  these  reactions,  monobromosuccinic  acid  may  be  regarded,  on  the  <me 
hand,  as  a  substitution -product  of  succinic  acid,  on  the  other   as   the  bromide  of 
malic  acid,  forming,  as  it  were,  the  stepping-stone  from  succinic  to  malic  acid : 
Succinic  arid.  Monobromosuccinic  ncid.  Malic  acid. 

(C'irOT(o«  (C«H«BrOT(n2       (Cm^OT^'^T        (C*H»0»r^^, 

These  relations  are  analogous  to  those  which  exist  between  acetic  add,  CH^O*, 
monochloracetic  add,  C'H*CiO*,  and  glycollic  add,  CH*0*. 

DiBEOMosrcciNio  Acid,  C*H*Br»0*  =  ^^^"^^^^Ao*.  {Ke}iuU,AsiXLCh. 

Pharm.  cxvii.  128;  Suppl.  i.  131. — Perkin  and  Duppa,  Chem.  Soc  Qa.  J.  xiii. 
102.) — Prepared:  1.  By  heating  12  grms.  of  succinic  acid,  11  c.c  bromine,  and  12 
grms.  water,  in  sealed  tubes,  to  about  180°,  and  crystallising  the  solid  portion  of  the 
contents  of  the  tube  from  boiling  water,  with  addition  of  animal  charcoal*  (Eekuli). 
— 2.  By  the  action  of  water  on  chloride  of  dibromosuccinyl,  C*H*Br*0*.CP  (Perkin 
and  Duppa). — 3.  From  fumaric  acid,  C*H*0*,  by  direct  addition  of  bromine.  (Ke- 
kuU.) 

Dibromosucdnic  add  cijrstallises  in  colourless,  mostly  opaque  prisms,  sparingly 
soluble  in  cold,  easily  in  boiling  water,  also  in  alcohol  and  eder.  When  heated  wii 
bromine  and  water,  it  is  decomposed  with  formation  of  bromoform : 

C«H«Br«0*   +   2H*0   +   3Br»  -  CH»Br«   +   3C0«  +   6EBt. 

By  sodium-amalgam  it  is  reconverted  into  sucdnic  acid. 

■  The  mother-Hqnor,  from  which  the  dibromoeuccinic  acid  has  crystAiUsed,  contain!  d  i  brom  o - 
maleicacld,  C^H^Br^CH,  and  two  tiomprs  of  m  on  obromom  ateic  acid,  C^IPBrO*  (lii. 
788).  The  dibromomalcic  acid  Tolatilltes  with  the  vapour  of  water  on  diitdlinfr  th«  mother-liquor  in 
a  retort;  the  other  two  acids  separate  f^om  the  mrther- liquor  on  repeated  eTaporatioa,  and  nay  be 
purified  by  fractional  crytrallisntlon.— Af<'/«6rofnom/i/i't'c  acr'cf,  C^H^BrO^  lorma  large  wHI- 
defined,  apparently  trimetric  crysUlt ;  melts  at  H6*'— 127°,  ▼nIatiliRes  e?en  below  100°,  and  (HssoItm  very 
easily  in  water,  alcohol,  and  ether.  Its  tflver-salt,  C^H  AgSBrO^,  sepnrates  from  a  mixture  of  the  acid  with 
silver-nitrate,  on  addition  of  ammonia,  as  a  curdy  precipitate  )  the  leadsait,  C'*HPb"Br04  (at  lOQf^.  it 
a  white  precipitate,  insoluble  in  the  tree  acid,  but  soluble  in  a  large  quantity  of  neutral  lead-aceiate.— 
Parabromumaleic  aeid,  C«H>BrO«,  separates  in  large  crystals,  app»rently  triclinic.  H  fa  like- 
wife  easily  soluble  in  water,  alcohol,  and  ether,  and  melts  at  172°.  Its  tilvrr-salt,  C^HAg'BrO*  fa 
obtained  as  a  granulo-crystalline  precipitate,  on  mixing  the  acid  with  nitrate  of  silver.  It  disaolVet 
in  boiling  water,  and  more  readily  In  dilute  nitric  acid.— The  Ifad-gatt,  C<liVb'*BrO*.9HH>  If  lolttMt 
both  in  excesa  of  the  acid  and  in  acetate  of  lead.    (K  e  k  u  1 6,  Ann.  Ch.  Pharm.  cxzx.  1 .)       * 
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Dibromoflnccinic  add  is  dibaflic.  Its  salts  are  easily  dooomposcd  by  heat,  so  that,  in 
pn^paring  them,  it  is  necessary  to  guard  against  rise  of  temperature.  They  are  all 
decompostsl  by  boiling  with  water,  or  with  excess  of  base,  yielding  a  metallic  bromide, 
together  with  another  product  of  decomposition,  varying  according  to  the  nature  of  the 
base.  The  bromine  thus  withdrawn  (1  or  2  at.)  is  eitlier  replaced  by  the  water-residue, 
HO,  or  merely  separates  in  combination  with  an  equivalent  quantity  of  hydrobromic 
acid,  leaving  a  residue  containing  1  at.  bromine  and  1  at.  hydrogen  less.  Of  the 
dccompositfons  expressed  by  the  following  equations,  the  first  three  nave  actually  been 
effcctt-d : 

C*H^r*0«  +     H«0  -     HBr  +   O^H*BrO*  Monobromomalic  acid. 

C*H«Br»0*  -     HBr   +   C*H*BrO*  Monobromomaleic  acid. 

C*H*13r*0*   +   2HK)  -   2nBr  +   OH«0«  Tartaric  acid. 

C*H*Bi^O*  -  2HBr  +   C*H«0*  (unknown). 

Generally,  however,  several  of  these  reactions  take  place  simultaneously,  so  that  the 
principal  product  formed  according  to  one  of  these  four  equations,  is  accompanied  by 
H  secondary  product  formed  according  to  another.  Thus  aodic  dibramosuccinate,  boiled 
in  aqueous  solution,  is  converted  chiefly  into  acid  sodic  monobromomalate.  On 
boiling  an  aqueous  solution  of  barie  dibramostuxinate,  acid  baric  monobromo- 
maleate  is  obtained  as  the  chief  product  of  decomposition,  together  with  a  small 
quantity  of  tartrate. — When  calcic  dibromosuccinaie  is  boiled  with  water,  and  lime- 
water  is  added  till  the  liquid  no  longer  turns  acid  after  prolonged  boiling,  the  chief 
product  is  an  insoluble  calcium-salt  naving  the  composition  of  the  tartrate. — Lastly, 
argentic  dibromnsuccinate  is  easily  decomposed  by  bouing  with  water,  yielding  (inactive) 
tartaric  acid. 

From  these  react^ns,  and  its  mode  of  formation,  dlbromosuecinie  acid  may  be 
regarded  either  as  a  substitution-product  of  succinic  acid,  or  as  the  bromide  of  mono- 
bromomalic aoid,  or  lastly  as  a  bromide  of  tartaric  add.  It  is  related  to  succinic, 
monobromomalic,  and  tartaric  acids,  in  the  same  manner  as  dibromacetic  add  to  acetic, 
monobromoglycollic,  and  glyoxylic  acids  (Kekul^'s  Lehrbuch,  ii.  83): 

Dibromosuccinic  acid.  (C^H^Br^O^^  |  q,  (C*H*0T  |  q.     Sucdnic  acid. 

(C^H^rO*)'"  /  Br        (C^iPBrO^)"  >  ^,     Monobromo- 
H»i0»  H»p-      maUcadd. 

(C.HH)T;|Br«  (C*HH)^rjo..    Tartaric  acid. 

Neutral  IHbromoauccinate  of  Ammonium^  C*H*(NH*)'Br*0*,  crystallises  by  spon- 
taiii-ous  evaporation  in  laige  transparent  crystals. — The  neutral  sodium'salt, 
C^n=Na*Br'0*.4lP0,  is  very  soluble  in  water,  and  remains  in  small  crystals  on 
cvuponition  ;  from  alcohol  it  crystallises  in  shining  laminse. — The  aeidpotfusium'SaU 
is  M'hite,  crystalline,  and  sparingly  soluble. — The  calciumsaltf  C*H*Ca''Br*0*,  obtained 
by  doubl»»  decomposition,  separates  gradually  as  a  crystalline  precipitate. — The  silver- 
salt,   C^U*Ag'BrO*,   prepared  in  Ske  manner,  is   a  white  powder,    insoluble    in 

Wiiter. 

Kthijlic  Dibromomccinate,  C*n*(C*H*)'Br*0*,  obtained  by  passing  hydrochloric 
»cid  pis  into  an  alcoholic  solution  of  the  acid  and  predpitating  with  water,  is  very 
sliizhtly  soluble  in  water,  easily  soluble  in  alcohol  and  ether,  and  crystallises  in  long 
white  needles,  which  melt  at  58^,  and  boil  with  partial  decomposition  between  140^ 
and  loO<^.     (KekuU.) 

Dihroynosuccinio  Anhydride^  (C*H'Br*0*)*'0,  is  obtained  by  heating  malcic 
anhydride,  C*H*0',  with  dry  bromine  to  100°,  for  half  or  three-quarters  of  an  hour. 
T^'o  atoms  of  bromine  are  then  taken  up,  and  a  yellow  liquid  is  formed,  which  gra- 
dually solidifies  to  a  crystalline  mass,  to  be  freed  from  adhering  hydrobromic  add  by 
leaving  it,  when  pulverised,  over  quicklime.  Bibromosuccinic  anhydride,  thus 
produced,  crystallises  from  carbonic  disulphide  in  colourless  laminae.  It  melts  at  100^, 
an«l  is  resolved  at  180°  into  hydrobromic  acid  and  bromomaleic  anhydride,  C^HBrO*. 
With  cold  water  it  forms  at  first  a  solid  mass,  which  dissolves  in  a  larger  quantity  of 
water,  and  the  solution  yields,  by  spontaneous  evaporation,  a  crystallised  acid,  formed 
from  the  anhydride  by  addition  of  water,  and  having  the  composition,  but  not  the 
properties,  of  dibromosuccinic  acid,  viz. : 

Isodibromosuccinic  Acidy  C^H'Br'O*. — This  acid  forms  lar^e,  transparent,  well- 
developed  crystals,  much  more  soluble  in  water  than  dibromosuccinic  acid.  It  melts 
at  160°,  and  is  resolved  at  180°,  or  by  boiling  its  aqueous  solution,  into  hydrobromic 
acid  and  isobromomalcic  acid,  C^H*BrO^ ;  whereas  ordinary  dibromosuccinic  acid  is 
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not  decomposed  by  boiling  with  water,  but  when  heated  by  itself  is  oompletaly  de- 
composed without  previous  fusion.  On  boiling  the  aqueous  solution  with  baryta,  baric 
isodibromosuccinate  is  obtained,  which  forms  warty  crystals,  and  yields  isodibromosnc- 
cinic  acid  when  decomposed  by  sulphuric  acid. — The  nlver-sait  resembles  that  of 
ordinary  dibromosuccinic  acid.     (Eekul6,  Ann.  Ch.  Pharm.  Suppl.  ii.  85.) 

BUCCXirZC  AJIKZBB8.  Succinic  acid,  like  other  acids  of  the  series  OH^^H)*, 
is  callable  of  forming  four  normal  amides,  derivable,  but  not  always  directlj  producible, 
from  the  acid  and  neutral  ammonium-salts,  by  abstraction  of  water,  viz. : 

Succinamic  acid,  C«H'NO»   »  (Cai«0»)%2  -  C*H»(NH«)0«  -  H«0. 

Sucdnimide,         C^H*NO«  «  (^'^'^*^"{n  «  C*H»(NH*)0«  -  2H«0. 
Succinamide,       C^H»N»0«  =  (^'^'^'^In'-  C*H«(NH«)«0*  -  2HH). 

(Cyi^idfo'^^^^^^^^  ^^'y^y'    -  C*HXNH*)K)*  -  4H«0. 

The  first  three  of  these  compounds  contain  hydrogen-atoms  replaceable  by  metaii 

or  alcohol-radicles.    There  is  also  a  tri succinamide,  (C^H*0')'N',  formed  by  tha 
action  of  succinic  chloride  on  aigf  ntic  suocinimide. 

Suooinaiiilo  Aold.    C^H^O*  -  (C^H^O*)"  Vq.   (R.  Te n chert,  Ann.  Ch.FhanB. 

cxxxiv.  136 ;  BulL  Soc.  Chim.  1866,  i.  286.)— The  barinm-salt  of  this  acid,  (OT^Ba'TW*, 
is  obtained  by  leaving  a  slightly  warmed  solution  of  succinimide  and  baric  hydrate,  in 
equivalent  proportions,  to  evaporate  in  a  vacuum  over  oil  of  vitriol,  and  repeatedly 
crystallising  the  residue  from  an  aqueous  solution  mixed  with  alcohol.  It  forms 
concentric  groune  of  needle-shaped  cnrstals,  easily  soluble  in  water,  insolnble  in 
absolute  alcohol  and  in  ether,  somewhat  soluble  in  aqueons  alcohol.  The  aqueous 
solution  deoompoeos  when  kept,  and  more  quickly  on  boiling  into  ammonia  and 
succinate  of  banmn,  which  is  precipitated.  With  potash,  the  solution  givei  off  ammonia 
even  in  the  cold. 

£y  carefully  decomposing  the  barinm-salt  with  somewhat  leas  than  the  eqwalent 
quantity  of  sulphuric  acid,  and  evaporating  the  filtrate^  impure  snccinamie  acid 
(containing  baryta)  is  obtained  in  rectangular  prisms ;  if  the  whole  of  the  bazyta  be 
precipitated,  nothing  but  succinate  of  ammonium  remains  dissolved. 

Buccmamaie  of  CkLdmiuTn^  C*H**Cd''N'0'.H'0,  remains  on  precipitating  the  solatioii  of 
the  barium-salt  with  sulphate  of  cadmium,  and  evaporating  tne  filtrate ;  it  is  tbtt 
soluble  in  water,  insoluble  in  alcohol,  and  forms  a  radiated  crystalline  mass,  or  nnall 
well-developed  rhombic  prisms.— The  cupric  saJt^  (7H"Gu  ITK)*,  prepared  in  like 
manner,  forms  dark-green,  microscopic,  rhombic  laminae,  insoluble  in  alcohol, 
slightly  soluble  in  water,  and  decomposed  by  boiling  with  water,  with  separation  of 
cnpric  oxide  and  cnpric  succinate. — The  Itadsaltf  G"H*'Pb'17'0',  is  obtained  by 
heating  a  solution  of  succinimide  with  excess  of  lead-oxide,  and  adding  alcohol  to  the 
filtrate  previously  treated  with  carbonic  acid,  in  large,  concentricallv  grouped,  easily 
Bolnble  needles. — ^The  moffnenum^alt,  C*H*'Mg^'NK)*.3HK),  prepared  like  the  eadmiom- 
salt,  is  a  radiated,  nodular,  crystalline  mass,  which  by  solution  and  spontaneous 
evaporation,  yields  well-developed  ciystals  belonging  to  the  trimetrie  system. — The 
fnanganouB  salt,  C*H"Mn''NH)'.5H'0,  remains  on  evaporation  as  a  rose-coM>iired  symp^ 
which  gradually  solidifies  to  a  warty  or  radiate  crystalline  mass. 

The  sUver-iolt,  C'H'AgNO',is  obtained,  by  mixing  the  concentmted  solntioDS  of 
argentic  nitrate  and  baric  succinamate,  as  a  white  oystalline  precipitate,  and  oo 
leaving  the  filtrate  to  itself,  in  prismatic  crystals  probably  belonging  to  the  monodinie 
system.  It  blackens  quickly  on  exposure  to  hght»  is  easily  soluble  in  ammonu* 
sparingly  in  water,  and  insoluble  in  alcohol ;  in  boiling  water  it  becomes  covered  with 
a  black  crust.* 

Succinamate  of  Zmc,  0'H"Zn'77'0',  prepared  like  the  cadmium-salt,  forms  stellats 
groups  of  prisms,  easily  soluble  in  water,  nearly  insoluble  in  hydrated  alcohol,  quite 
insoluble  in  absolute  alcohol 

*  Lauren  t  and  Ge  r  h  ard  t  (Ann.  Ch.  Pharm.  IxxU.  291),  by  boiling  argentic  euodnhnlde  with  dOnte 
ainnonla,obtained  a  silTer-salt,  which  they  regarded  at  argentic  auccinamate.  It  diflTered,  however,  to  Its 
properilei  Irom  that  abore  detcrlbed,  being  eaiily  aoluble  in  water,  and  yielding  fuodnamlde  whca 
decompoMd  by  hydrochloric  acid,  whereat  succinamate  of  ailver  thus  treated  should  yield  add  ■ocelnale 
of  ammonium.  According  to  Teuchert,  the  salt  obtidned  by  Laurent  and  Gerhardt  w««  probaUj  a 
hydrated  argentic  succinimide  iyomeric  with  tke  succinamate  (p.  461  )• 
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Pkenylsueeinamie   or    8uecinanilic   Acid,   C"H"NO»    -    (C*HW)"l^. 

(Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xadv.  179.) — Obtained  bv  dissolving 
suocinanil  in  boiling  dilate  ammonia  mixed  witn  a  little  alcohol,  boiling  the  liquid  to 
expel  the  latter,  and  neatralising  with  nitric  acid.  The  soccinanihc  add  is  then 
deposited  on  cooUns,  in  elonsated  lamins,  which  are  to  be  purified  by  crystallisation 
^m  alcohol.  It  is  Teiy  uightly  soluble  in  oold,  more  soluble  in  hot  water:  the 
solution  reddens  Utmas.  It  melts  when  heated,  and  decomposes,  at  a  higher  tempera- 
ture, into  water  and  phenylsucdnimide,  which  sublimes.  It  dissolves  in  ammonia 
and  in  potash,  and  when  fused  with  potash  at  a  gentle  heat,  gives  off  aniline^ 

Succinaniiaie  of  Ammonium  is  very  soluble  in  water,  and  crystallises  in  confused 
masses.  The  solution  does  not  precipitate  chloride  of  calcium,  and  scarcely  produces 
any  turbidity  with  chloride  of  barium  ;  with  cuprie  mU$  it  forms  a  light-blue,  and  with 
ferroue  salts  a  yellowish-white  precipitate ;  with  nitrate  of  eilver,  a  white  precipitate 
of  argentic  succtnanilate,  C^'H^'AgNO*. 

Sueetaamida.  CH'NH)*  -  ^^^^^^'ilN*.     (D'Arcet,  Ann.  Ch.  Pharm.  xvi. 

215  ) — ^This  compound  separates  in  small  white  crystals,  on  mixing  ethylic  succinate 
with  strong  aqueous  ammonia.  It  dissolves  in  boiling  water,  but  is  nearly  insoluble 
in  cold  water,  also  in  alcohol  and  in  ether.  It  melts  when  heated,  and  is  resolved 
at  about  200^  into  ammonia  and  suoeinimide,  C^'KO*.  It  is  easily  decomposed  by 
boiling  with  alkalis.  B^  the  action  of  nitrous  acid  (i^,  by  passing  nitric  oxide  into  a 
solution  of  suocinamide  in  nitric  add),  it  is  resolved,  after  the  maimer  of  amides  in 
general,  into  succinic  acid,  water,  and  nitrogen : 


C*H«N«0«  +  NK)»  -  C*HH)*  +  HK)  +  2N«. 


(C«HW)"i 


n  ) 

Thenylsuceinamide     or     Succinanilide,    C»«H»«NW     -     (C«H»)*VN«. 

(Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xxiv.  179.)— -Remains  undissolved 
when  the  product  of  the  action  of  sucdnic  acid  on  anhydrous  aniline  is  exhausted  with 
boiling  water ;  produced  also  bv  the  action  of  aniline  on  sucdnic  chloride.  It  dis- 
solves easily  in  boiling  alcohol,  and  is  deposited  therefrom  in  tufts  of  microscopic 
needles.  It  is  less  fusible  than  suodnamide.  When  melted  with  potash  at  a  gentle 
heat,  it  gives  off  aniline. 

Snoeiiiiiiiide,   CH^NO*  -  (^^"^^(n.    Bisuocinamide,  (FArcet,  Ann.  Ch. 

Phys.  [21,  Iviii.  294.-^Fehling,  Ann.  Ch.  Pharm.  xlix.  198. — Laurent  and  Ger- 
hardt, Compt  Chim.  1849,  p.  108). — ^Formed:  1.  By  heating  sucdnamide  or  suod- 
nate  of  ammonium. — 2.  By  the  action  of  dry  ammonia-gas  on  succinic  anhydride : 

(C^H^O*)"©  +  NH«  -  H«0  +  (C^HWy'HN. 

Succinimide  ciystallises  in  large  transparent  ciystals,  C^H*NO*.HK),  which  give  off 
their  water  even  on  exposure  to  the  air.  It  is  easily  soluble  in  water  and  in  alcohol, 
less  soluble  in  ether ;  melts  at  210^,  and  sublimes  without  alteration. 

The  hot  alcoholic  solution  of  succinimide,  mixed  with  a  small  quantity  of  ammonia, 
and  then  with  nitrate  of  silver,  yields  on  cooling,  large  crystals  of  argentic  succinimide, 
C^H^O'AgN.  This  compound  detonates  when  heated,  and  when  tnturated  with  sal- 
ammoniac,  is  converted,  with  evolution  of  ammonia,  into  argentic  chloride  and 
succinimide.  By  prolonged  boiling  with  water,  it  yields  argentic  succinate.  When 
boiled  with  water  containing  a  few  drops  of  ammonia,  it  is  converted,  according  to 
Laurent  and  Gerhardt,  into  argentic  succinamate.  Teuchert,  however  (p.  460), 
obtained  by  this  process  a  hydrated  argentic  succinimide,  2C*H*0'AgN.H'0,  and  is  of 
opinion  that  Laurent  and  Gerhardt's  compound  was  also  a  hydrated  argentic  succini- 
mide, containing  C*H^O'AgN.H'0,  isomeric  therefore  with  aigentic  succinamate. 

A  solution  of  argentic  sucdnimide  in  a  small  quantity  of  ammonia,  leaves,  on 
spontaneous  evaporation,  an  alkaline  syrupy  liquid,  which  solidifies  after  some  time  to 
a  mass  of  hauxL  brittle  crystals,  consisting  of  argintammonium-succinimidef 
C*II*0^(NH'Ag)N,  which  is  distinguished  from  argentic  succinimide  by  its  property  of 
giving  off  ammonia  when  treated  with  potash  at  ordinary  temperatures. 

Chlorosuceinimide. — ^Ethylic  perehlorosuccinate  (p.  463)  is  converted  by  ammonia 
into  a  crystallisable  and  sublimable  body,  probably  consisting  of  tetrachlorosucci- 
nimide,  C*C1*0'HN.    The  analysis  of  Uiis  body  does  not  agree  very  well  with  this 
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formula,  but  the  fonnation  of  trichloracetAnfide,  at  the  same  time,  seems  to  show  thst 
it  is  pzx>duced  in  the  manner  shown  by  the  equation  : 

o<:v*o*  +  sNH*  =  iRCi  +  2c»fl*ci«No  +  ch:i«o*hn. 

Ethylic  per-  Trichloracetamfde.      TrtTMbloroMic- 

chloro«uccinate.  cinioiide. 

On  treating  the  product  with  ether,  the  tetrachlorosuccinimide  and  trichloraeetamide 
dissolve,  while  sal-ammoniac  remains  behind;  and  ih^  ethereal  eolation  leares  mi 
evaporation,  a  residue,  from  which  cold  water  extracts  an  ammoniacal  compoimd  of 
tetrachlorosuccinimide  (chlorazosnccate  of  ammonium),  leaving  the  trichloraoetanude. 
The  aqueous  solution,  mixed  with  hydrochloric  or  nitric  acid,  deposits  th«  tetrachUno- 
succinimide  in  four-sided  prisms.  It  is  nearly  insoluble  in  water,  very  soluble  in 
alcohol  and  ether ;  molts  in  water  between  83^  and  85^,  in  the  air  at  200° ;  sublimeaat 
125*^,  and  turns  yellow  at  250^.  It  decomposes  carbonates,  and  its  ammoniacal 
solution  precipitates  the  salts  of  calcium  and  copper.  Its  ammoniacal  aoliitioo 
evaporates  over  the  water-bath,  decomposes  with  brisk  effervescence,  and  yields,  among 
other  products,  a cr^'stalline  substance,  regarded  by  Gerhardt  as  chlorosoccilamide, 
C*HKJ1*N0*,  the  amide  of  chlorosuodc  acid  (p.  463),  possibly  thus : 

C*C1*0*HN  +  H«0  -  CO*  +  HCl  +   G»HHn«NO. 

ChlorotuccinU  ChlorocuccilA- 

mide.  mkte. 

Phent/huceinimidet  or  Sueeinanil,  C'*n*NO'  «  ^  c«h»(^"  (Lau- 
rent and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xxxiv.  179.) — Obtained  by  heating  pul- 
verised succinic  acid  with  dry  aniline,  and  treating  the  crystalline  mass  witli  boiling 
water,  which  dissolves  the  greater  pdrt  of  it,  consisting  of  succinanil,  and  leaves  a  resi- 
due of  succinanilidc.  The  succinanil  ciystaUises  on  cooling  in  colourless  laminsp,  and  by 
recrystallisation  from  alcohol  it  may  be  obtained  quite  pure,  in  fine  long  intnlaeed 
needles.  It  appears  to  be  sublimable  without  decomposition.  It  is  insoluble  in  cold 
water.  Aqueous  potash  has  no  action  upon  it,  but  when  heated  with  solid  potash  it 
gives  off  aniline.     Boiling  aqueous  ammonia  converts  it  into  succinanilic  acid  (p.  460). 

TrUncoinamide,  (C«H''0*)'N'.  (Chiozza  and  Gerhardt,  Ann.  Ch.  Pharm.  zc. 
108.) — Produced,  together  with  aigentic  chloride,  by  treating  aigentic  suoeinimide  with 
an  ethereal  solution  of  succinic  chloride : 

2(C«n*0*)"AgN   +  (C*H«0«)"C1»  =  2AgCl  +  (C^fi*0«)«N«. 

It  is  slightly  soluble  in  ether,  easily  soluble  in  absolute  alcohol,  and  crystalliseB  in 
small  triangular  plates  which  melt  at  83°.  By  aqueous  alcohol  it  is  quickly  decom- 
posed, yielding  succinic  acid,  ethylic  succinate, and  succinimide. 

8VOOZWZO  AWBTSSXBa.  C'H'O*  ==  (C^H'OyO.  Anhydrous  Sueemie 
Acid.  (D'Arcet,  Ann.  Ch.  Phys.  [2],  Iviii.  282. — Gerhardt  and  Chiozza,  Compi. 
rend,  xxxvi.  1050. — Kraut,  Ann.  Uh.  Pharm.  cxxxvii.  254.) — Obtained:  1.  By  boQ- 
ing  succinic  acid  very  rapidly  in  a  retort,  and  absorbing  the  water  as  fast  as  it  con- 
denses.— 2.  By  distilb'ng  succinic  acid  once  or  twice  with  phosphoric  anhydride 
(D'Arcet). — 3.  By  heating  the  add  with  phosphoric  pentachlonde : 

C^H'O*  +  PCI*  =  2HC1  +  P0C1»  +  C*HW. 


L  By  heating  ethylic  succinate  with  chlorobenzene.  (Kraut,  p.  463.) 
Succinic  anhydride  is  a  white  mass,  leas  soluble  in  wetter^  but  more  soluble  in 
akvhol,  than  succinic  add.  It  dissolves  in  boiling  absolute  alcohol,  apparently  without 
formation  of  ethylic  succinate,  and  is  deposited  &om  the  solution  in  long  needles.  It 
is  very  little  soluble  in  ether ^  either  cold  or  boiling.  Melts  at  119-6°  (Kraut).  By 
solution  in  boiling  water,  it  is  reconverted  into  sucdnic  add.  With  diy  amTnaniargaM 
it  becomes  hot,  and  forms  succinimide,  together  with  water : 

C*H*0«.0  +  NH"  -  H«0  +  C*H*0«.HN. 
With  phosphoric  peniachloridc,  it  yields  succinic  chloride  and  phosphoric  ozycbloride : 

C*H*0*.0  +  PCI*  -  POCl*  +  C*H*0«CP. 

SVOCZmo  CB&OSZBB,  or  Chloride  of  Succinyl,  (C<H«0<)'a*.  (Gerhardt 
and  Chiozza,  loc.  cit.) — Produced  as  above,  by  distilling  succinic  anhydride  with 
phosphoric  pentachloride,  and  purified  by  rectification.  It  is  a  fuming,  strongly  xe- 
fractmg  liquid,  boiling  at  about  190°.  With  water  it  easily  yields  sucdnic  acid ;  with 
alcohol,  ethylic  succinate. 

Dibromosuccinic  Chloride,  C*H*Br*0*.Cl',  is  obtained  by  heating  succinic  chloride 
with  bromine  to  120^ — 130°,  for  three  or  four  hours  (Perkin  and  Duppa,  Chem. 
Soc.  Qu.  J.  xiii.  102);  also  by  direct  addition  of  bromine  to  fumaric  chloride, 
C^H^O'CP  (Kekul6).  It  is  a  licjuid,  which  boils  at  220°  (KekuU),  and  is  converted 
by  water  into  dibromosuccinic  acid.     (Perki  n  ;md  Dnppa.) 


SUCCINIC  ETHERS.  463 


SVOCIMXO  BTtlllffgi  a.  Of  Bnociiiic  ethers  containing  monfttomic  alcohol- 
radicles,  only  the  neutral  methylic,  ethylie,  cetylic,  and  benzhydrolic  ethers  have 
hitherto  been  obtained. 

Methylic  SucciNATB,  C*H"0*  «  ^     (CH'n^**    ^^     produced    by    passing 

hydrochloric  acid  gas  into  a  solution  of  succinic  acid  in  methylic  alcohol.  When 
purified  in  the  usual  way,  it  forms  a  crystalline  mass,  melting  at  20°,  and  solidifying 
again  at  16*^.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether;  boils 
at  198^  Specific  gravity  of  liquid  -  1179  at  20^;  of  vapour  5*29.  (Fehling,  Ann. 
Ch.Pharm.xlix.  196.) 

Ethtlic  SccciifATB,  C*H»«0*  «  (^*^gX 1 0».— Prepared  like  the  methylic 

ether,  or  by  distilling  10  pts.  succinic  acid,  20  pts.  alcohol,  and  6  pts.  strong  hydro- 
chloric acid,  and  purifying  the  oily  product  by  distillation  over  massicot  (D'Arcet, 
Ann.  Ch.  Phys.  [2],  Iviii.  291) ;  also  by  dropping  alcohol  into  a  retort  in  which 
succinic  acid  is  neated  to  a  temperature  near  its  boiling-point  (Qaulthier  de 
Clanbry).  It  is  an  oil,  slightly  soluble  in  water,  boiling  at  214^,  and  burning  with  a 
yellow  flame.    Specific  gravity  of  liquid  -i  1036 ;  of  vapour  ■■  6-22.     (D'Arcet.) 

When  potassium  is  introduced  into  ethylic  succinate,  the  liquid  becomes  hot,  gives 
off  hydrogen,  and  forms  a  pasty  mass,  from  which,  after  treatment  with  water  and 
crystalliBation  of  the  undissolved  portion,  yellowish  laminae  are  obtained,  having  the 
composition  C«H«0»  [therefore,  perhaps,  ethylguccinie  anhydride,  C*H»rC«H»)0»].  The 
crystals  melt  at  133° ;  sublime  at  206° ;  and  are  decomposed  by  alkalis  into  alcohol 
and  an  alkaline  succinate.  With  ammonia  they  form  a  lightrellow  substance,  crys- 
tallising in  needles  (Fehling,  Ann.  Ch.  Pharm.  xlix.  192).  Respecting  the  rational 
formula.  seeGeuthcr.     (2^it8chr.  Ch.  Pharm.  1866,  p.  6.) 

Ethylic  succinate  heatea  with  chlorobenzene  (chloride  of  phenyl)  in  a  sealed  tube 
to  250°,  for  several  hours,  yields  ethylic  chloride,  ethylic  benzoate,  and  succinic 
anhydride  (Kraut,  Ann.  Ch.  Pharm.  cxxxvii.  254): 

^^*(C«H»)«I^  +  C'H»Oa  -  C^H*C1  +  ^(5h*|^  +  (C*H*0«y'.0. 

Suhstitution-producU  of  Ethylic  Succinate  (Cahours,  Ann.  Ch.  Pharm.  xlvii.  29 ; 
Malaguti,  f^'£?.  Ivi.  291). — Wnen  ethylic  succinate  is  satiirated  with  chlorine,  and 
then  exposed  to  sunshine  in  a  bottle  filled  with  chlorine-gas,  a  crystalli sable  substance 
is  formed,  which  melts  at  115° — 120®,  has  the  composition  C*HCI'*0*,  and  may  there- 
fore be  regarded  as  ethylic  succinate  in  which  all  the  hydrogen,  except  one  atom,  is 
replaced  by  chlorine.  By  distillation  it  is  resolved,  at  about  290°,  into  carbonic 
anhydride,  chloride  of  trichloracetyl,  trichloride  of  carbon,  and  probably  chlorosuc- 
cide,  C«PCI'0: 

c»Ha"o«  «  co«  +  c«a»o.a  +  c-ci«  +  c«Ha«o. 

With  alcohol  it  yields  neutral  ethylic  carbonate  (i.800),  ethylic  trichloracetate  (i.  879), 
hydrochloric  acid,  and  the  ethylic  ether  of  chlorosuccic  acid. — The  chlorimited 
ether,  or  the  product  formed  from  it  by  the  action  of  alcohol,  yields,  when  treated  with 
potash,  carbonate,  chloride,  formate,  and  chlorosuccate  of  potassium.  (Mala- 
guti.) 

Laurent  and  Gerhardt  suppose  that  Malaguti*s  chlorinated  ether  contains  no 
hydrogen,  but  consists  of  perchlorinated  ethylic  succinate,  C*C1"0*.    Ger)>ardt  regards 

chlorosuccic  acid  as  C'HC1*0*  «  H  ( ^  (trichloracrylic  acid),  and  chlorosuccide 

as  the  corresponding  chloride,  C*CI"0.C1.  Those  formiilse  afBord  simple  explanations 
of  all  the  reactions,  but  they  do  not  agree  well  with  the  analytical  numbers  obtained 
hj  Cahours  and  Malaguti. — Chlorinated  ethylic  succinate,  treated  with  ammonia, 
yields,  amon^  other  products,  a  compound  designated  by  Malaguti  as  chlorazo- 
Huccic  acid  (C'HCl'ON),  but  regarded  by  ^urent  as  tetrachlorosuccininiide, 
C*CI*0*.HN  (p.  461).  For  further  details  respecting  these  chlorinated  compounds,  see 
Gerhardt's  Traits,  ii.  466,  477. 

Cetylic  Succinate,  C"H"»0*  -  ^^?Hm«l^''     (Tiittscheff,  Rep.    Chim. 

pure,  ii.  463.) — Produced  by  heating  1  at.  succinic  acid  and  2  at.  ethal  for  16  hours  (to 
what  temperature  ?).  Crystallises  from  hot  ether-alcohol  in  white  lamins,  melting  at 
58°,  slightly  soluble  in  alcohol,  more  soluble  in  ether. 

Benzhtdbolic  Succinate,  C*>H*0*  »  (9^5^*)  |o«.— Produced  by  heating 
succinic  acid  with  benzhydrol ;  described  under  Phknylbenzoyl  (iv.  479). 
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6.  Succinic  Ethers  containing  Diatomic  Alcohol^adicUs. 

Only  two  of  these  ethers  hare  jet  been  obtained,  viz.,  the  acid  and  neutnl  succinates 
of  ethylene,  both  discovered  bvLourenzo.    (Ann.  Ch.  Fharm.  czr.  868.) 

(C^H^O*)") 
EthyUne-succinio,   or    GlyeoUuecinic  Acid,  C«H»«0»  -     (CH*)" >0«.— 

H«) 
Produced   by  heating  succinic  add  with  glycol  to  160<*:    C<HK)*  +   C«H^)«  - 
C«H««0»  +  H»0. 

It  forms  small  crystals,  melting  below  100^,  soluble  in  water  and  alcohol,  insolnble 
in  ether. 

Neutral  EthyUnic  Succinate,  or  Succinate  of  Glycol,  C«HK)«  -  ^^O^rl^' 

remains  when  ethylene-succinic  acid  is  heated  to  300^,  as  a  crystalline  mass,  which 
melts  at  about  90^,  is  insoluble  in  water  and  in  ether,  but  may  be  czystallised  fhnn 
boiling  alcohol. 

BUCCXMITMm  An  amber-coloared  Tariety  of  lime-gamet.  The  name  is  applied 
also  by  Breithaupt  to  amber. 

Biroczvon.  This  name  has  been  applied  to  a  yolatile  ofil  obtained  by  the 
distillation  of  neutral  calcic  succinate  (p.  465). 

SVOCZVO-smtFKUBZO  AOni.    Syn.  with  SuLPHOOUOcnnc  Acid. 

Syn.  with  Axbkb. 

C^H^O*.    The  diatomic  radicle  of  succinic  acid,  &c. 

JLCZB.    Syn.  with  Suconno  Acid. 

(from  ntcdnum  and  stearin). — The  name  applied  by 
Felletier  and  Walter  to  the  portion  of  Colophonium  succim  which  is  inaoluble  in 
alcohol  and  ether.    (See  Ambbb,  i  168.) 

Syn.  with  Cakb-stoui. 

The  solid  fat  of  the  ox  or  sheep.  Mutton-suet  is  more  solid  than  beef- 
suot,  and  consists  mainly  of  stearin,  together  with  palmitin,  and  snudl  quantities  of 
olein  and  hircin ;  melts  at  60°  (Arsbacher).  Beef-suet  contains  more  stearin  than 
human  fat,  more  palmitin  than  mutton-suet,  and  about  the  same  quantitj  of  olein ; 
melts  at  47°.  (Arzbiicher.) 

BUUAMMm  Under  this  name  are  included  a  number  of  organic  oomponnds, 
mostly  of  Tegetdble  origin,  which  are  soluble  in  water,  mostly  crystaUiaable,  have  a 
sweet  taste,  and  neutral  reaction  to  vegetable  colours,  and  in  the  state  of  solution  rotate 
the  plane  of  vibration  of  a  ray  of  polarised  light  They  may  be  divided  into  fer- 
mentable  or  true  sugars,  and  non-fermentable  sugars  or  saccharoids. 

A.  Fermentable  Sugars. — These  sugars  are  carbohydrates,  represented*  by  the 
general  formula  OH'^O^,  and  may  be  subdivided  into  the  two  following  groups,  the 
first  including  those  sugars  which  are  directly  susceptible  of  vinous  fermentation,  ths 
second  those  which  undergo  this  transformation  only  after  conversion  into  ragni  of 
the  first  group : 

a.    C»«H>K)«  (Glucoses). 

Molecular  roUtory  power. 
Dextrose  or  Dextroglucose  (ii.  866)  ...  •»•   66^ 

Lsvulose  or  Lsevoglucose  (ii.  868)  .        .        .         j  ~   -g^  *     *^ 

Galactose  (iii.  1023) +83® 

To  this  group  belong  also  a  number  of  sugars  differing  more  or  less  in  properties 
from  the  three  preceding,  viz.  Maltose  (iii.  999),  Mannitose  (iii.  826);  the  sugar 
found  byMeissner  ( Jahresb.  1 86 1 ,  p.  800)  as  a  normal  constituent  of  muscular  flesh ; 
Dulcitose,  a  product  of  the  oxidation  of  dulcite  by  nitric  acid  fCarlet,  Ann.  Ch. 
Pharm.  cxvii.  143);  the  sugar  which  Bert  helot  obtained  (ii.  866)  firom  mannite  and 
glycerin  by  the  action  of  a  peculiar  ferment ;  and  many  of  the  sugars  resulting  ficom 
the  decomposition  of  natural  glucosides  under  the  influence  of  adds  (ii.  866). 

b.    G^'E'^O"  (Cane-sugar  and  its  isomers). 

Molecular  roUtory  power. 
Saccharose  or  Cane-sugar       .        .        .        +  73*8^ 


Parasaocharose 
Lactose  or  Milk-sugar 
Melezitose  (iii.  868) 
Melitose  (iii.  869) 
Mycose  (iii.  1068) 
Trehalose 


♦I 


+  108O 
•f   69-8 
+   94 
•1-102 
+ 192-6 
+  199 


+  33-60  (nearly) 
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The  sugars  of  this  group  may  be  regarded  as  ethers  of  the  glucoses,  being  related  to 
them  in  the  same  manner  as  dlethjlenic  alcohol  to  glycol,  op  as  dlglycerin  to  glycerin 
(iii.  576,  884) : 

Glooote.  Saccharose. 

(c-H-)"jo.  (c-n;)'jo.. 

B.  Non-fermentable  Sugars  or  Saccharoids. — Of  these  bodies,  the  first  four  in  the 
f  »llowing  list  have  the  composition  of  the  glucoses  ;  the  rest  are  not  carbohydrates,  but 
contain  a  quantity  of  hydrogen  larger  than  is  sufficient  to  convert  the  whole  of  the 
oxygen  into  water ; 

_  Molecular  rotatonr  power. 

Eucalyn,C«H"0«(ii.  601)  .  +  56*»  (nearly) 

Sorbite,  C^H'H)*  (v.  352) 

Quercitoso,*  C«I1'«0*  ?  (v.  37) 

Inosite,  C«H"0«  (iii.  274) 

Mannite,  C«H'*0«  (iii  825)       . 

Dulcite,  C«H»*0«  (ii.  348) 

l8odulcite,t  C«H"0«  (v.  7) 

Querdte,  C«H>»0*  (v.  6) 

rinite,  C«H»«0*  (iv.  662) 

Erythromannite,  C"H*»0'«  (ii.  604) 
In  those  tables  the  value  of  the  molecular  rotatory  power  is  given  for  the  transition- 
tint  (iii.  672),  which  is  the  same  as  that  for  the  medium  yellow  ray,  and  is  commonly 
expressed  by  the  symbol  [a]j.    The  value  for  the  red  ray  is  related  to  this  by  tha 
equation : 

The  molecular  or  specific  rotatory  power  [a]  is  given  by  one  of  the  following 
equat  ion.s : 

I.     [a]  = ^ .         .         (iii.  673.) 

€  .  0  .  \ 

II.     [.]   -     'I  or  [«]    =      ' 

I  p  V  I 

In  these  oqmitions,  a  or  a  is  the  observed  angle  of  rotation  ;  f,  the  concentration  of  the 
solution  (1  grm.  of  solution  containing  «  grms.  of  substance) ;  8,  the  specific  gravity 
of  the  solution  ;  X  or  2,  the  length  of  the  column  of  liquid  in  decimetres.  | 

Further :  p,  the  weight  of  the  substance  in  grammes ;  V,  the  volume  of  the  solution 
containing  it. 

Also :  v,  the  concentration  of  the  solution  according  to  volume,  i.e,  the  quantity  of 

grammes  of  the  substance  contained  in  1  cub.  cent,  of  solution,  so  that  f  ■-   .^  «  «  .  8. 

The  equation  I.  is  used  when  the  concentration  and  specific  gravity  of  the  solution 
are  known  ;  the  equation  II.  when,  as  is  generally  the  case,  the  solution  is  prepared 
by  weighing  out  the  substance,  and  filling  up  the  liquid  with  water  to  a  given  bulk. 

The  molecular  rotatory  power  of  most  sugars  is  but  little  afifected  by  tomperuture ; 
that  of  laevulose,  however,  diminishes  rapidly  as  the  temperature  rises.  A  rcct^ntly  pre- 
pared mixture  of  crystallised  dextrose  (grape-sugar)  exhibits,  when  recently  prepared, 
a  rotatory  power  of  about  112"^;  but  it  decreases  gradually  at  ordinary  temperatures, 
and  quickly  when  the  liquid  is  heated,  and  ultimately  remains  constant  at  +56°. 

Mixtures  of  dextrose  and  lievulose  exhibit  dextro-  or  Isevo-rotation,  according  to  the 
proportions  in  which  the  two  are  mixed ;  this  is  seen  in  different  samples  of  honey, 
and  in  fruits.  Inverted  sugar  (ii.  863),  produced  by  the  action  of  acids  on  cane- 
sugar,  is  a  mixture  of  dextrose  and  laevulose  in  equal  quantities.  Its  specific  rotatory 
power  varies  greatly  according  to  temperature:  at  15®  it  is  [o]  =  —  ig«   +  *g«   a 

*  The  itiftar  obtained  by  decomposing  quercitrin  with  dilute  sulphuric  acid  is,  according  to  Rigaud 
(Ann.  Ch.  Pharm.  xc.  195),  identical  with  dextrose  in  e^ery  respect,  excepting  that  it  is  optically 
inaf  tiTe. 

t  According  to  HIasiweti  and  Pfaundler.on  the  other  hand  (Jahresb.  1864,  p.  5G4),quercitrin 
thus  treated  yields  a  saccharine  substance,  which  they  call  i  s  od  u  1  c  i  t  e,  crystallising  in  the  SHme  form 
ai  cane-sugar,  but  difTering  therefrom  in  properties  and  composition.  The  crystals  com»in  C*Hi'O^.H'0, 
and  malt,  with  loss  of  their  crystsllisatran-w.iter,  between  105*^  and  1 10°.  Isudulcite  diiiolTes  in  9*09  pts. 
water  at  190,  and  is  also  readily  di.<solved  by  hot  absolute  alcohol.  It  reduces  nn  alkaline  cupric 
solution,  and  forms  with  nitric  acid,  a  nitro-compoiind  containing  C«H»(N02)S0\— Hydrated  isodulcite 
is  isomeric  with  mannite  and  dulriie  ;  the  anlivdrons  compound  with  pinite  and  qaercite. 

I  In  the  equation  gi»en  under  Light  (iii.  673),  the  unit  of  length  for  /.  is  1  centimetre*  and  the 
ipeciHc  rotatory  power  of  cane-sngsir  Ihrrc  caiculaiPti  from  the  formula  is  7*3°,  whereas  ui  tiie  table 
on  p.  464,  where  the  unit  of  length  is  suj  posed  to  l>«*  u  d^xinitftrc,  it  is  ton  times  as  much,  namely  73*8*^. 
Vol.  V.  H  II 
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^  26^ ;  ftt  26^  it  M  - 12*5^ ;  at  90^  it  is  nearly  »  0,  and  at  higher  tamperatiires  the 
inixttiro  hecomm  drxtrorotatorj. 

Chemical  Beaeiiom  of  Sugars:  1.  Deeompottiion  by  heat. — All  angani  are  d»- 
rofnfK)ffed  bj  heat  Those  which  contain  water  of  crystallisation  give  it  off  at  100**  or 
A  litt  le  above — riz.,  grape-sagar,  melitose,  trehalose,  eucalyn,  and  inosito  at  100^,  mele- 
sitose  at  llO*',  mycose  at  IdO-*.  At  somewhat  higher  temperatures  the  glncoeea  give 
off  more  water,  and  yield  anhydrides  analogous  to  mannita::  (iii.  823) :  thus 
Dextrose  )     rmitn^  5  H»0   +   C«H"0»  Glucosan 

LoBvtdosej     ^^^     -    }H*0   +   C^>«0»  Lfleyolusan. 

When  farther  heated,  they  yield  a  number  of  somewhat  indefinite  compounds,  desig- 
nated by  the  geoeral  name  caramel ;  and  at  still  higher  temperatures,  they  undergo 
complete  decomposition,  giring  off  carbonic  oxide,  carbonic  anhydride,  marah-gaSy 
acetic  acid,  aldenyde,  acetone,  furfurol,  liquid  hydrocarbons,  and  other  products.  Hie 
sugars,  C*'}V*0*\  appear  to  be  first  oonrerted  by  heat  into  a  mixture  of  glucoses  and 
fflucosanhydrides  (e.  g.,  canennigar  into  dextrose  and  bevolusan),  which  aie  resolired 
by  further  heating  into  the  products  above  mentioned 

2.  Oxidation. — Sugars  are  easily  oxidable.  With  strong  oxidising  agents  they 
mostly  yield  products  of  comparatively  simple  constitution,  such  as  carbonic,  formic, 
and  oxalic  acids.  Olncose  and  cane-sugar,  &c.,  distilled  witli  a  mixture  of  manganic 
peroxide  or  potassie  chromate  and  sulphuric  acid,  or  with  jHroxide  of  lead  and  water, 
yield  chiefly  formic  and  carbonic  acids ;  milk-sugar  distilled  with  poUunc  ekromaU 
and  sulphuric  acid  yields  the  same  products,  together  with  aldehyde. 

By  prolonged  boiling  with  stnmg  nitric  acid,  sugars  yield  chiefly  oxalic  add.  With 
more  dilute  acid,  and  at  lower  temperatures,  acids  are  formed  nearer  in  composition  to 
the  sugars — chiefly  mucic,  saccharic,  and  tartaric  acids,  sometimes  also  racemic  acid. 
The  formation  of  Uie  isomeric  compounds,  mucic  and  saccharic  acids,  is  represented 
by  the  equation : 

c«H'*o*  +  o»   -   H«o  +  (ywHy. 

Tartaric  acid  is  probably  formed  by  further  oxidation  of  saccharic  add;  and  race- 
mic acid  by  oxidation  of  mudc  add  (p.  36). 

Cane-pugar,  glucose,  and  indeed  most  other  sugars,  yield  by  this  gradual  oxidation, 
onlv  saccharic  acid ;  milk-sugar  yields  mucic  with  a  small  quantity  of  saccharic  add ; 
melitose  yields  saccharic  with  a  small  quantity  of  mucic  acid. 

Sugars  are  oxidised  by  many  metallic  oxides  and  salts,  and  therefore  act  as  ledudng 
agents :  thus  from  sUtfer-Mlts,  espedally  in  presence  of  ammonia,  they  throw  down 
metallic  silver ;  from  euprie  salts,  espedally  in  alkaline  solution,  they  predpitate 
cuprous  oxide  (ii.  860).  The  glucoses  m  general  exert  a  stroncer  reducing  action  than 
cane-sugar  and  its  isomers  ;  of  the  latter,  milk-sugar  reduces  more  quickly  than  cane- 
sugar.  The  products  formed  in  these  reactions  have  not  been  very  dosely  inyestigated. 
(See  Gallactic  and  PECTOUkcnc  Acros,  iii.  1024.) 

3.  Very  strong  nitric  a<ru/ (specific  gravity,  1*526),  or  a  mixture  of  strong  niirie 
and  sulphuric  acids,  converts  sugars  into  nitro-compounds :  cane-sugar  Uius  treated 
yields  nitro-saccharose,  probably  C**H'*(NO')*0" ;  inosite  yields  cnrstallisable 
nitro-inosite,  C«H«(NO«)«0«;  isodulcite,  C«H»«0».H«0,  yields  C«H^NO«)«0»;  dex- 
trose, milk-sugar,  and  trehalose  yield  nitro-compounds  whose  composition  has  not 
been  exactly  ascertained. 

4.  Reactions  with  other  acids, — ^By  boiling  with  dilute  sulphuric  or  kydroeiUnie 
acid,  cane-sugar  and  its  isomera  are  converted  into  glucoses  : 

C'*H«0"   +   H«0     -     C«H»«0«  +  C«H"0«. 

In  this  manner  melesitose  yields  2  at  of  dextrose ;  lactose  yields  2  at.  of  galactose  ; 
cane-sugar  yields  1  at.  dextrose  •(•  1  at.  levulose;  and  melitose  yields  1  at.  dextrose -i* 
I  at.  euoalyn. 

The  glucoses  offer  considerable  resistance  to  further  transformation  by  dilute  mine- 
ral adds ;  but  ultimately  they  turn  brown  and  decompose,  the  more  quickly  as  the 
acid  is  less  dilute,  jrielding  brown  humus-like  products  of  indeterminate  coBifosition ; 
this  transformation  is  most  quickly  effected  by  strong  hydrochloric  add. 

Concentrated  sulphuric  acid  acts  on  the  sugars,  C'H**©",  much  more  strongly  than 
on  the  glucoses.  A  strong  syrup  of  cane-  or  milk-sugar  mixed  with  concentrated  sul- 
phuric add,  is  immediately  decomposed  with  great  intumescence^  evolution  of  sul- 
phurous anhydride  and  various  volatile  products,  and  separation  of  a  black  carbona- 
ceous mass. — Dextrose,  on  the  o^her  hand,  mixed  with  strong  sulphuric  add,  forms, 
without  blackening,  a  sulpho-acid.  C«*H«»SO"  =  4C*H'«0«.S0\  the  action  being 
exactly  similar  to  that  of  the  organic  acids  on  the  glucoses  (p.  467) : 

4CH'H)«  +   H«SO*   «  HK)     +     C«H«SO". 
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Pkoipkoric  acid  appears  alio  to  form  a  similar  compound  with  dextrose. 

The  glucoses  heated  with  solutions  of  organic  actda  act  like  polyatomic  alcohols 
yielding  ethereal  compounds  called  saccharides,  which  resemble  the  mannitic  ethers 
(ii.  521),  inasmuch  aa  they  are  deriyatives,  not  directly  of  glucose,  G^*K)*,  but  of 
glucosan.  C^>«0»:  thus— 


DextroM. 

+ 

2C*HK)» 

Butrric 

-  3HK) 

™ 

C«H»(C*H»0)«0» 

DcztroM. 

+ 

2C»H"K)« 
Stearic 
ackL 

-  3H«0 

- 

C«H«(C'"H»0)«0* 
DUtearyl-glucosan. 

Dextrote. 

+ 

6C«H*0« 

Acatic 

Add* 

-  7H«0 

- 

C«H*(C»HK))K)» 
Houcetyl'glaootaB. 

DMtroM. 

+ 

2(?H«0 
Alcohol. 

-  2H«0 

- 

C«H»((?H»)«0»* 
DiethjrVgluoonn. 

Cane-sugar  and  its  isomnrs,  heated  with  organic  adds,  are  first  oouTerted  into 
glucoses,  and  then  into  saccharides  as  above. 

With  tartaric  acid,  the  sugars  appear  to  form  several  difibrent  compounds.  The 
following  are  described  by  Berthelot  (Ckim.  org.  ii.  294): 


1.  Ftom  Dextrose,       C^»«0«  +  4C«H«0« 

2.  „  Cane-sugar,  e«»K)«  +  2C*H«0« 
8.  „  Milk-sugar.  C^»«0«  +  4C*HH)« 
4.      ..  ..  8C^»«0«  +   4C*H«0« 


If 


»t 


6H«0 
8H«0 
8H»0 
7HH) 


C*«H"0» 
C"H»»0»* 
C»H"0" 
C«H«0» 


5.  Seaetions  wUk  Jlkalia, — Sugars  act  like  weak  acids,  inasmuch  as  thevare  capable 
of  forminff  saline  compounds  with  certain  bases,  or,  in  other  words,  of  exchanging  part 
of  their  hydrogen  for  metals.  Thus  dextrose,  C*H'H)*,  forms  with  baryta  the  com- 
pound C"H''Ba'0" ;  and  cane-sugar  forms  with  the  same  base,  a  compound  which 
may  be  formulated  as  C'*H~Ba''0".H*0,  or  as  C"H«0»'.Bh''0.  Dextrose  and  cane- 
sugar  also  form  saline  compounds  with  potash  and  soda;  these  compounds  are  obtained 
by  agitating  the  alcoholic  solution  of  the  susar  with  alcoholic  potasn. 

In  aqueous  solution,  on  the  other  hand,  the  glucoses  are  very  easily  decomposed  by 
alkalis,  even  when  very  dilute.  The  decomposition  takes  place  slowly  in  the  cold, 
more  quickly  on  heating,  the  liquid  first  turning  yellow,  then  brown,  and  yielding  a 
quantity  of  indeterminate  brown  humous  substance.  Dextrose  thus  treated  yields 
gludc  add  (ii.  848),  as  the  first  product  of  the  reaction. 

The  sugars,  C*'H*K)",  are  for  the  most  part  much  less  readily  attacked  by  alkalis 
than  the  ^ucoses ;  ther  are  not  attacked  by  dilute  alkaline  solutions  in  the  cold,  and 
but  slowly  even  when  heated ;  but  they  are  decomposed  by  boiling  with  concentrated 
alkaline  liquids.    When  fused  with  caustic  alkalis  they  yield  oxalic  add. 

In  general  those  sugars  (and  other  carbohydrates),  which  are  most  easily  attacked 
by  acids,  offer  the  greatest  resistance  to  the  action  of  alkalis. 

The  sugars  and  ^er  carbohydrates,  when  treated  with  amnumia  in  the  form  of  gas, 
or  of  aqueous  solution,  are  capable  of  forming  compounds  somewhat  resemUing  gela- 
tin, and  containing  in  some  cases  as  much  as  14 — 19  per  cent,  nitrogen.  Dusart 
(Compt  rend.  lii.  974),  by  heatine  glucose,  milk-sugar,  or  starch  with  aqueous  ammo- 
nia to  150^,  obtained  nitrogenised  substances,  which  were  precipitated  by  alcohol  in 
tenacious  tluvads,  and  formed  with  tannic  add  an  insoluble,  non-putrefying  compound. 
Similar  results  were  obtained  by  Schutzenberger  (Jahjresb.  1861,  p.  910). 
P.  Th6nard  (ibid.  p.  908),  by  operating  in  a  similar  manner,  but  at  a  temperature  of 
280°,  obtainea  yellow  or  brown  nitrogenised  products — some  soluble,  others  in- 
soluble in  water,  and  containing  as  much  as  19  per  cent  nitroeen.  These  results  are 
espedally  interesting  in  connection  with  the  observation  made  by  Hunt  (Jahresb. 
1847-48,  p.  845),  that  bone-gelatin  has,  approximately,  the  composition  of  an  amide  of 
the  carbohydrates: 

C^"0«  +  2NH»     -     C«H"N«0«  +  4HK); 

and  that,  on  the  other  hand,  gelatin  and  similar  substances,  when  boiled  for  some  time 
with  sulphuric  add,  yield,  among  other  products,  sugars  resembh'ng  glucose. 

Action  of  Ferments. — The  glucoses,  viz.  dextrose,  Isevulose,  and  galactose,  are  directly 
susceptible  of  vinous  fermentation ;  that  is  to  say,  when  their  aqueous  solutions  are 
placed  in  contact  with  yeast  at  a  certain  temperature,  they  are  immediately  resolved 
into  alcohol  and  carbonic  anhydride :  C*H"0«  -  2CH*0  +  2C0*.    Cane-sugar  and 


*  Produoed  by  hMiing  caoe-tiigur  with  eibjlbromUk  ind  poUsb. 
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its  homoiognes,  on  tho  other  hand,  do  not  undergo  this  change  until  they  hare  first 
been  concerted  into  glucoses,  this  action  being  due  to  a  peculiar  soluble  ferment, 
analogouH  to  diastase,  contained  in  the  yeast  (p.  471).  Respecting  the  Tarious 
circumstances  attending  vinous  fermentation,  and  the  action  of  other  ferments  on 
sugars,  see  Fermentation  (ii.  623). 

Most  of  the  sugars  enumerated  in  the  preceding  tables  (pp.  464,  466),  have  already 
bten  described  in  their  alphabetical  places.  We  have  here  to  consider  in  detail  the  one 
to  which  the  name  sugar  is  especially  applied,  viz, : 

Cane-suoab  or  Saccoarosb.* 

This  kind  of  sugar  is  very  widely  diffused  in  the  vegetable  kingdom,  and  has  been 
lately  shown  to  exist  in  many  plants,  from  which,  in  consequence  of  the  modes 
of  extraction  formerly  adopted,  only  grape-sugar  (dextrose),  or  uncrystallisable  fruit- 
sugar  (a  mixture  of  dextrose  and  Isevulose),  had  been  obtained.  It  is  vexy  abundant 
in  the  stems  of  certain  grasses,  especially  in  the  buz AT-c&ne  {Saccharum  officinarum)^ 
which  contains  more  than  20  per  cent,  of  it,  unmixed  with  any  other  kind  of  sugar, 
and  the  sorgho  or  Chinese  sugar-cane  {Sorghum  saccharatuniy  p.  354), which  con- 
tains it  to  the  amount  of  9  to  9J  per  cent.  The  juice  of  maize-stems,  cut  shortly  after 
flowering,  contains  a  quantity  of  sugar  amounting  to  between  7'4  and  7*9  per  cent,  of 
the  juice,  and  about  half  consisting  of  cane-sugar  (Liidersdorff). — Cane-sugar  is 
abundant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnip,  and  especifdly  in 
that  of  beet  {Btta  vulgaris),  which  contains  on  the  average  from  7  to  11  per  cent,  of 
it,  sometimes  as  much  iis  14  per  cent. ;  and  in  the  stems  of  certain  species  of  birch 
and  maple,  especially  of  the  sugar-maple  {Acer  saccharinum),  and  of  many  kinds  of 
palm.     (See  Palm-sugab,  iv.  336.) 

Most  sweet  fruits  contain  cane-sugar  together  with  inverted  sugar  (ii.  863) ;  some, 
as  walnuts,  hazelnuts,  almonds,  cofloe-beans,  and  St.  Johns-bread  (the  fruit  of  Cera- 
tonia  siiiqna),  contain  only  cane-sugar.  Honev  and  the  nectars  of  flowers  contain  cane- 
sugar  together  with  inverted  sugar ;  the  sugar  m  the  nectars  of  cactuses  is  almost  wholly 
cane-sugar. 

Manna  from  Sinai  (the  produce  of  Tamarix  mannifera)  contains  56  per  cent,  cane- 
sugar,  25  inverted  sugar,  and  20  dextrin,  &;c.  Manna  from  Kurdistan  contains  61 
per  cent,  cane-sugar,  16*5  inverted  sugar,  and  22*6  dextrin,  &c.  (Berthelot,  Compt. 
rend.  liii.  683.) 

Cane-sugar  has  been  known  in  India  and  China  from  very  early  times,  and  in  Europe 
since  the  time  of  Alexander  the  Great.  The  culture  of  the  sugar-cane  was  imported, 
in  the  fourteenth  and  fifteenth  centuries,  from  Nubia,  Arabia,  and  Egypt,  into  Spain, 
Portugal,  and  the  Canary  Islands,  and  afterwards  to  America :  it  was  only  after  this 
last  importation  that  it  came  into  general  use.  The  presence  of  cane-sugar  in  beet  and 
other  plants  indigenous  in  Europe  was  first  demonstrated,  in  1747,  by  Marggraf,  and 
its  preparation  on  the  large  scale  from  beet  was  introduced  by  Achard.  The  chemical 
composition  of  cane  sugar  was  established  by  Gay-Lussac  and  Th^nard. 

Preparation. — Cane-sugar  has  not  yet  been  formed  artificially.  It  is  prepared  almost 
exclusively  from  the  juice  of  the  sugar-cane,  and  of  field-beet  or  mangold-wurzel ; 
smaller  quantities  are  obtained  from  the  sorgho  and  the  sugar-maple. 

1.  From  the  Sugar-cane. — The  ripe  canes  cut  close  to  the  ground  and  stripped  of 
their  leaves  are  crushed  between  rollers,  and  tho  expressed  juice,  which  is  apt  to  run 
quickly  into  fermentation  by  the  action  of  the  albuminous  matters  which  it  contains,  is 
defecated  by  he&ting  it  in  a  copper  boiler  to  about  60°  C.  (140®  F.),  with  a  small  quan- 
tity of  lime.  The  impurities  then  form  a  scum,  which  is  removed  as  fast  as  it  collects. 
The  juice,  when  sufficiently  clarified,  is  rapidly  concentrated  to  about  23°  of  the  hydro- 
meter, then  passed  through  cloth  filters  and  evaporated  to  a  very  thick  syrup,  whioh 
is  run  into  snallow  vessels  to  accelerate  cooling,  then  poured  into  vessels  having  their 
bottoms  pierced  with  holes  which  are  kept  plugged.  The  svnip,  after  being  left  at  rest 
for  some  hours,  is  agitated  to  promote  the  crystallisation  of  the  sugar;  and  as  soon  as 
it  has  set  into  a  solid  mass,  the  plugs  are  removed,  to  allow  the  still  remaining  liquid  to 
run  off*,  and  the  syrup  is  again  boiled  till  it  no  longer  yields  any  crystals.  The  last 
mother-liquors,  which  are  thick,  brown,  and  refuse  to  crystallise,  are  called  molasses 
or  treacle,  and  are  used  chiefly  for  tho  preparation  of  rum. 

The  solid  sugar,  obtained  as  above,  is  sent  to  Europe  under  the  name  of  raw  sugar, 
or  Muscovado  sugar.  It  is  a  yellowish  granular  powder,  still  impregnated  with 
treacle,  and  often  contaminated  with  foreign  substances,  which  impart  to  it  a  more  or 
less  disagreeable  taste :  hence  it  requires  refining. 

Tho  formation  of  molasses  is  entirely  due  to  tho  conversion  of  the  cane-su^ir  into 
nncrystallisable  sugar  by  tho  heat  to  which  the  juice  is  subjected  ;  the  fresh  juice  of 

*  For  Literature  see  Gmetin^s  Handbook,  xt.'237. 
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sound  canes  contains  nothing  but  crystallisablo  sugar.  G^reat  improvements  have 
recently  boon  effected  in  the  methods  of  boiling  down  syrups,  especially  by  the  use  of 
vacuum-pans,  whereby  a  beautiful  crystallised  product  is  obtaiuod  from  the  juice  at 
the  first  evaporation,  and  the  formation  of  molasses  is  greatly  diminished. 

On  the  manufacture  of  sugar  from  the  cane,  see  Ures  Vict,  of  Arts,  &c.,  iii.  802 — 
816. — Manufacture  of  Maple-sugar,  ihid.  p.  826. 

2.  From  Beetroot. — The  roots  of  mangold-wurzel  are  reduco<1  to  a  fine  pulp,  from 
which  the  juice  is  separated,  either  by  pres&ure,  after  adding  a  quantity  of  wat<»r  equal  to 
20  per  cent,  of  the  weight  of  the  root ;  or  by  Iixi\nating  it  with  cold  water ;  or,  finally,  by 
subjecting  it  in  perforated  cylinders  to  the  rotatory  action  of  a  centrifugal  machine. — 
The  juice  is  heated  to  68*^  by  hot  steam,  every  1000  quarts  being  mixed  with  a  quantity 
of  milk  of  lime  prepared  from  12  lbs.  of  lime,  and  the  mixture  is  further  heated  to  the 
boiling-point,  whereby  phosphate  of  calcium,  albumin,  albuminate  of  calcium,  and 
other  matters  are  separated,  in  the  form  of  a  dense  white  crust.  The  heating  is 
interrupted  as  soon  as  the  boiling  juice  begins  to  break  thit>ugh  the  crust,  the  clear 
liquid  below  is  run  off,  and  the  muddy  residue  is  submitted  to  pressure.  The  calcareous 
thin  syrup  thus  obtained  is  treated  with  carbonic  acid  (from  06  to  0*8  per  cent,  lime, 
however,  remains  dissolved  as  sugar-lime) ;  separated  by  subsidence  and  decantation 
from  precipitated  carbonate  of  calcium  ;  filtered  through  bone-black,  which  removes  a 
small  quantity  of  sugar-lime  :  and  evaporated  to  20 — 22°  Bm.,  either  in  open  pans  or 
in  a  vacuum-apparatus.  The  thick  syntp^  again  filtered  through  bone-black,  and 
evaporated  in  vacuo  at  about  22"  barometric  pressure,  till  it  becomes  thick  enough  to 
draw  out  into  threads,  yields,  after  cooling  and  standing,  crystals  of  cane-sugar ;  and 
the  mother-liquor,  when  further  evaporated,  yields  a  second  and  third  crop,  till  nothing 
remains  but  uncrystiillisable  molasses.  The  last  very  dark -coloured  crop  of  crystals 
is  moistened  with  water,  and  freed  from  adhering  molasses  by  means  of  the  centrifugal 
machine.  The  mixture  of  all  the  successive  crops  of  crystals  thus  obtained  constitutes 
mw  beet-sugar.     (For  details,  see  Handw.  d.  Chem.  ix.  1101.) 

Ri fining. — To  obtain  pure,  colourless,  crystallised  sugar  from  raw  sugar,  the  latter,  dis- 
solved in  about  a  third  of  its  weight  of  water,  is  mixed  with  a  small  quantity  of  milk  of 
lime,  and  heated  to  the  boiling-point;  and  the  juice  is  decanted  from  the  impurities,  which 
separate  in  the  form  of  a  crust,  then  filtered  through  bone-charcoal,  and  evaporated  in 
a  vacuum  pan.  The  strongly  concentrated  juice  is  made  to  crystallise  by  moderating 
the  heat  and  running  in  small  quantities  of  unthickened  juice,  whereupon  a  magma  of 
sugar-crystals  imme<liately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugarloaf  moulds,  and  the 
formation  of  small  uniform  crystals  is  promoted  bv  stirring  and  breaking  up  the  crust 
which  forms  on  the  surface.  When  the  crystallisation  is  complete,  the  apex  of  the 
mould,  which  has  previously  been  closed,  is  opened,  to  allow  Uie  syrup  to  drain  off, 
and  that  which  remains  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugar- 
svrup.  By  due  desiccation,  the  loaf-sugar  or  refined  sugar  of  commerce  is  obtained. 
(iWs  Diet,  of  Arts,  &;c.  iii.  802.) 

Formerly  the  clarification  of  the  syrup  was  effected  by  adding  a  certain  quantity  of 
the  serum  of  bullock's  blood ;  on  heating  the  syrup,  the  albumin  of  the  serum  became 
coagulated  and  rose  to  the  surface,  carrjring  with  it  the  greater  part  of  the  impurities. 

Prfparaiion  on  tlw  small  scale. — The  sacchariferous  portion  of  a  plant,  after  being 
dried  and  pulverised,  is  boiled  with  2  pts.  of  strong  alcohol,  and  the  filtrate  is  left  to 
cool ;  it  then,  after  some  time,  deposits  crj'stals  of  sugar.     (Marggraf.) 

From  fruits,  likewise  containing  uncrystallisable  ^inverted)  sugar,  cane-sugar  may 
l)e  extracted  by  filtering  the  expressed  juice  (after  adaing  an  equal  volume  of  alcohol, 
if  necessary,  to  prevent  alteration),  then  saturating  it  with  slaked  lime,  and  filtering. 
The  filtrate  heat4.Hi  to  the  boiling-point,  and  again  filtered  at  that  temperature,  leaves 
on  the  filter  insoluble  sugar-lime,  which,  after  thorough  washing  with  wat«r,  is  to  be 
decomposed  by  carbonic  acid.  The  sugar-solution  is  then  evaporated  to  a  svrup, 
decolorised  with  animal  charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  left 
to  crystallise.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  does  not  contain 
more  than  §  of  the  total  quantity  of  sugar  presejit:  hence  the  treatment  with  lime 
must  be  repeated.  If  the  decomposition  of  the  sugar-lime  by  carbonic  acid  yields  very 
turbid  liquids,  they  must  be  precipitated  with  basic  acetate  of  lead,  and  the  filtrate 
treated  with  sulphydric  acid.     (Buignet.) 

Prop<r/<>5.  -Cane-sugar  separates  from  its  solutions  by  slow  evaporation  in  large 
crystals  (sugar-candy),  having  the  form  of  monoclinic  prisms,  generally  with  hemihedral 
faces.  Axes  a:  h:c  =  07952  :  1  :  07.  Angle  of  axes  *,  c  =  76®  44';  ooP  :  ooP 
(orthod.)  -  101°  30';  +  Poo  :  +  Poo  (clinod.)  «  98°  50';  +r«>  :  c  =  64^^  12'.— 
Ordinary  combinations,  ooP .  oP  .  oePoo  (fig.  780),  and  ooP  .  oP  .  ooPoo  .  +  Poo 
•  [^*  ]  ififf'  7^0*    ^y  ^^^  cooling  of  hot   satiu^ated  solutions,  the  sugar  is  obtamed 
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ii.  628;  also  Buignet's  description  of  tho  proceM.  (Ann.  CIl  Vhyn.  [31,  IxL 
239.) 

2.  From  the  weight  of  cuprous  oxide  which  the  sugar  can  reduce  from  potaasio- 
cupric  tartrate,  or  from  the  volume  of  a  standard  solution  of  that  salt  decompoeed  by 
the  sugar.  For  this  reaction,  the  cane-sugar  must  be  previously  heat<<l  with  acids,  to 
convert  it  into  inverted  sugar,  which  reduces  the  same  quantity  of  cnpric  oxide  lU 
grape-sugar.     (See  Glucosb,  ii.  863.) 

3.  From  th"  Rotatory  Power  of  the  Solution. — If  the  solution  contains  only  cane- 
sugar,  or,  at  least,  no  other  optically  active  substance,  the  amount  of  sugar  may 
be  calculated  from  tho  rotatory  power  in  the  manner  described  under  Light 
(iii.  673).  Turbid  or  gummy  solutions  are  mixed  with  -j^  thfir  volume  of  isin- 
glass-solution; then,  after  agitation,  with  14  vol.  alcohol,  whenupon  the  mixture, 
without  being  heated,  coagulatfs,  and  yields  a  filtrate  adapted  for  observation. 
Coloured  solutions  are  decolorised  by  animal  charcoal ;  but  as  this  substance 
(according  to  some  statements)  takes  up  sugar,  tho  first  fuurth  of  the  liquid  that  nins 
through  is  rejected,  and  only  the  remainder  used  for  the  observation.  If,  in  addition 
to  cane-sugar,  the  solution  contains  grape-sugar,  inverted  sugar,  or  any  other  optically 
active  substance,  whose  rotatary  power  is  not  alterod  by  heating  with  acids,  the 
amount  of  cane-sugar  may  be  determined  by  observing  the  rotatory  power  of  the 
solution,  both  before  and  after  inversion,  the  temperature  l)eing  likewise  observed  in 
the  latter  case.  The  first  observation  having  been  made,  100  c.c.  of  the  solution  are 
mixed  with  10  c.c.  fuming  hydrochloric  acid,  the  mixture  heated  to  es*^,  and  kept  at 
that  temperature  for  a  quarter  of  an  hour.  Since  the  rotatory  power  of  the  solution 
cooled  to  the  original  temperature  (supposing  the  observation  to  have  been  made  m  a 
tube  longer  by  one-tenth  than  the  former),  remains  unaltered  in  so  far  as  it  was  due 
to  the  glucose,  whereas  the  cane-sugar  has  been  replaced  by  inverted  sogar,  the 
amount  of  cane-sugar  may  be  calculated  from  the  rotatory  power  peculiar  to  this 
inverted  sugar,  as  follows : — The  rotatory  power  (a)  observed  before  inversion  was 
made  up  of  the  molecular  rotatoiy  power  (c)  of  the  cane-sugar  (C),  and  that  of  the 
grape-sugar  {g  G) :  therefore 

a  ^  c  C  +  g  G. 

The  rotatory  power  (a )  observed  after  inversion  is,  in  like  manner,  made  op  of  the 
unaltered  rotatoiy  power  of  the  grape-sugar  {g  (r),  and  that  of  the  inverted  sugar  (t  C) ; 
therefore : 

a'  -  t  C  +  ^  (r. 

Consequently  the  difference,  a  —  of',  of  the  rotations  observed  before  and  after 
inversion,  is  equal  to  c  C  —  t  C: 

a  -flT  «  C(c-i). 
or,  finally : 

Suppose,  for  example,  a  sugar-solution  before  inversion  turns  the  plane  of  polarisation 
26-96°  to  the  right,  and  after  inversion,  6'80°  to  the  right,  at  a  temperature  of  14®; 
then  a  «  25'96  and  a  —  5*80.  Now,  tiie  molecular  rotatory  power  of  cane-sugar  (c) 
is  73*8®,  and  that  of  inverted  sugar  is  25®  at  tho  temperature  of  15®:  conse- 
quently, 

»  25j6  ■  5-80  ^  ^  2016  ^  ..g^^ 

73-8     +    27  98-8 

which  qtiantity,  therefore,  gives  the  number  of  parts  by  weight  of  cane-sugar  contained 
in  a  unit  of  weight  of  the  solution  employed,  or,  when  multiplied  by  100,  the  percen- 
tage of  cane-sugar  in  the  solution. 

Suppose  another  sugar-solution,  before  inversion,  to  turn  the  plane  of  polarisation 
9-36®  to  the  right,  and  after  inversion  1080®  to  the  left  (=  — 10-80®  to  the  right): 
in  this  case,  a  =  9*36;  a  «-  -10-80,  a  -  «'  «  936  +  1080  «  2016,  which 
number  divided  by  98-8  again  gives  0-2,  or  20  per  cent,  of  cane-sugar  in  the  solution. 

If,  in  both  cases,  the  nature  of  the  second  optically  active  substance  present  in  addition 
to  the  cane-sugar  is  known,  its  quantity  may  be  determiutd  from  the  observations  just 
described  ;  if,  on  the  other  hand,  its  quantity  is  previously  known,  its  nature  may  be 
determined.  Thus,  it  might  be  inferred  that  grape-sugar  was  present,  in  the  first  case, 
besides  the  cane-sugar  in  the  original  solution,  and  inverted  sugar  in  the  second.  This 
mode  of  proceeding,  however,  is  admissible  only  when  the  deflection  after  inversion 
has  been  observed  at  a  temperature  for  which  the  molecular  rotatoiy  power  of  the 
inverted  sugar  (which  varies  with  the  temperature)  has  been  previously  determined. 
(Biot,  Compt.  rend.  xv.  523,  619,  and  694  [3],  xvii.  755.— Clerget,  Ann.  Ch.  Phys. 
[3],  xxvi.  175;  Jahresb.  1840,  p.  126.) 
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Compounds  and  Deritfotitfes  of  Cans-sugar, 

L  Wi  t  h  A c  i  ds. — ^The  compoundfl  formed  by  the  action  of  adds  on  cane-sugar  may 
be  divided  into  two  groups : 

a.  Ethereal  Compounds  of  Cane-sugar  itself. — The  only  known  compound  belonging 
to  this  group  is : 

jyt7ro«accAaro*f,  C"H'*(NO*)*0"  ?,  produced  by  adding  cane-sugar  to  a  mix- 
ture of  strong  sulphuric  and  nitric  acids.  It  is  an  amorphous  mass,  which  detonates 
when  struck.    (Gm.  xr.) 

/3.  Ethereal  compounds  of  the  glucoses,  produced  itom  cane-su^ar  by  the  action  of 
acids.  To  this  class  belong  the  saccharides  obtained  by  heating^  cane-sugar  with 
acetic,  butyric,  and  stearic  acid  (ii.  855 ;  t.  144). 

II.  With  Bases.  (P^ligot,  Ann.  Gh.  Fharm.  xxx.  69.  92;  Lexz.  842.->Stein, 
ibid.  xxx.  82. — Soubeiran,  ibid,  xliii.  125,  227. — Berthelot,  Jahresb.  1856, 
p.  635) : 

Potassium-  and  Sodium-compounds  of  cane-sugar,  C'^H^'KO"  and  C'H^'NaO",  are 
formed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solution  of  caneisugar  with 
potash-  or  soda-ley. 

A  barium-compound,  C"H»Ba'0".H«0  or  C»2H"0".Ba'*0,  is  obtained,  as  a  crystal- 
line precipitate,  on  adding  hydrate  or  sulphide  of  barium  to  an  aqueous  solution  of 
sugar.     It  may  be  crystallised  from  boiling  water,  but  is  insoluble  in  alcohol. 

CaJcium-conipounds. — ^Lime  dissolves  in  sugar-water  much  more  readily  than  iu 
pure  water.  The  solution  has  a  bitter  taste,  and  is  completely  but  slowly  precipitated 
by  carbonic  acid.  There  are  three  or  four  of  these  compounds,  which  may  be 
approximately  represented  by  the  following  formulse : 

(1.)  C"H«0".Ca''0.  (3.)  C'«H«0'>.2Ca''0.2H«0. 

(2.)  2C'«H«0".3Ca''0  (?).  (4.)  C"H"0".3Ca"0. 

The  constitution  of  these  compounds  is  not  exactly  known ;  but  a  part,  at  least,  of  the 
calcium  probably  replaces  hydrogen  in  the  sugar. 

The  first  compound,  monocalcicsucrate,  is  soluble  in  water,  and  is  obtained  as 
a  white  precipitate  on  adding  alcohol  to  a  solution  of  calcic  hydnite  in  sugar-water, 
not  containing  too  much  lime. — The  compound  (2)  is  formi^  when  sugar-water  is 
boiled  with  excess  of  calcic  hydrate,  and  the  filtrate  is  evaporated :  it  is  probably  a  mix- 
ture of  (1)  and  (3). — The  compound  (3)  is, precipitated  by  alcohol,  from  the  liquid 
obtained  by  digesting  sugar- water  with  excess  of  calcic  hy(b«te. — The  compound  (4) 
is  slightly  soluble  in  water,  and  separates,  on  heating  a  cold-digested  solution  of  calcic 
hydrate  in  sugar- water,  as  an  amorphous  mass :  hence  solutions  of  lime  in  sugar-water 
usually  solidify  to  a  paf(ty  mass  when  boiled. 

Magnesia  and  lead-oxide  are  likewise  dissolved  by  sugar-water.  A  crystalline  lea d- 
cora pound,  C'*H'*Pb*0",  is  obtained  by  boiling  sugar-water  with  litharge,  and 
leaving  the  filtrate  to  cool ;  by  mixing  sugar-water  with  neutral  lead-acetate  and 
ammonia ;  or  by  precipitating  neutral  lead-acetate  with  a  solution  of  sugar-lime. 

III.  With  Salts.— o.  With  Chloride  of  Sodium,  C'«H«0".NaCl.— This  compound 
separates,  in  small  deliquescent  crystals,  from  a  mixed  solution  of  common  salt  and 
Bugar.     (PAligot,  Ann.  Ch.  Pharm.  xxx.  71.) 

fi.  With  Borax,  3C'»H«0".(Na*0.2B«O«).5H«0.— Borax  dissolves  in  sugar- water 
more  freely  than  in  pure  water,  and  the  solution,  when  evaporated  or  precipitated  with 
alcohol,  yields  this  compound. 

Parasaoebarose.  This  is  an  isomer  of  cane-sugar,  produced,  according  to  Jodin 
(Conipt.  rend.  liii.  1252  ;  Iv.  720  :  Jahresb.  1861,  p.  722  ;  1862,  p.  473),  by  spontaneous 
fermentation.  An  aqueous  solution  of  cane-sugar  containing  phosphate  of  ammonium 
left  to  itself  in  summer  (between  June  16  and  September  15,  1861),  yielded,  under  cir- 
cimistances  not  further  specified,  a  crystallisable  sugar  isomeric  with  saccharose,  together 
with  an  amorphous  sugar  having  the  composition  of  a  glucose,  both  dextrorotatory. 
Parasaccharose,  CH^O",  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90 
per  cent.  Specific  rotatory  power  at  10°  »»  +  108^,  appearing  to  increase  a  little  with 
rise  of  temperature.  It  does  not  melt  at  100°,  but  becomes  coloured,  and  appears  to  de- 
compose. It  reduces  an  alkaline  cupric  solution,  but  only  half  as  strongly  as  dextrose 
(1  at.  parasaccharose  »  5  at  CuO  ;  1  at.  dextrose  =  10  at.  CuO).  It  is  not  perceptibly 
altered  by  dilute  sulphuric  acid,  even  at  100** ;  hydrochloric  acid  weakens  its  rotatory 
power,  turns  the  solution  brown,  and  heightens  its  reducing  power  for  cupric  oxide. 

ParairluciMe.  This  is  the  amorphous  dextrorotatory  sugar  produced,  t<^ether 
with  parasaccharose,  as  alx>ve  described.  When  dried  at  15**,  it  has  the  composition 
C^Il'^OMI^O.   It  is  hygroscopic,  gives  off  half  its  water  of  crj'stallisation  at  50°  and  the 
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whole  at  100®,  melting,  and  turning  brown  at  the  same  time.  Its  specific  rotatoiy  power  is 
about  +  40°.  It  reduces  alkaline  cupric  solutions  less  strongly  toan  glnoose,  and  about 
as  strongly  as  milk-sugar  (1  at.  paraglucose  »  7  at.  CuO).  It  is  not  percepUblj 
altered  by  dilute  acids,  even  with  aid  of  heat^  excepting  that  its  rotatory  power  is  dimi- 
nished to  about  +  32°,  and  its  reducing  action  is  increased  to  about  that  of  glucose. 
(Jodin.) 

BVOAMf  IHVSlfcTBB.  The  mixture  of  dextrose  and  Itevuloee  in  equal  numbers 

of  atoms,  produced  by  the  transformation  of  cane-sugar  under  the  influence  of  adds 
(ii.  863). 

BUOAM  or  mviTS.  This  term  is  applied  especially  to  the  unerystallinahie 
mixtures  of  dextrose  and  Isevulose  contained  in  many  fruits.  Some  fruits,  howerer, 
contain  crystallis^ble  sugars — vie,  dextrose,  saccharose,  or  the  two  together  (p.  468). 

SVCkas  or   UBAB.    Neutral  plumbic  acetate  (L  16). 

•    Cane-sugar  crystallised  by  slow  eraporation. 

Saccharum  officinarum. — This  important  grass,  which  yields  bj 
f:ir  the  larger  quantity  of  the  sugar  at  present  consumed,  thrives  only  in  hot  climates. 
It  has  been  known  in  India  and  China  from  very  early  times,  and  its  culttration 
appears  to  have  been  introduced  into  the  West  Indies  in  the  fifteenth  century.  Titers 
are  several  varieties  of  the  cane.  The  longest  known  is  the  Creole  or  common  sugar- 
cane, which  grows  freely  in  every  region  between  the  tropics  on  a  moist  soil,  and  even  at 
nu  elevation  of  3,000  feet  above  the  sea-level.  A  superior  variety  is  the  Otaheitan  cane, 
which  is  stronger,  taller,  quicker  in  growth,  and  much  more  productive  in  sugar.  The 
cano  thrives  best  on  a  light  rich  soil,  especially  on  one  manured  with  nitzogenoua  lefbse. 
The  fresh  cane  contains,  according  to  two  analyses  by  Piligot  and  Dupuy : 

Water        ....     721  720 

Sugar         ....     18-0  17*8 

Woody  fibre)                             -^  f  98 

Salts             (      •                 '___  }  0-4 

100-0  100-0 

The  Creole  cane  of  Havanna  has  been  analysed  byCasaseca  (Ann.  Ch.  Fhys. 
[3]  zxv.  321),  with  the  following  results : 

Can*  Cana 

entire.  p^ed.  Rind. 

Water 77*0  77*8  69*6 

Sugar  and  other  soluble  substances    .    12*0  16*2  11*6 

Woody  substance       .        .        .        .11*0  6*0  19*0 

1000  1000  100-0 

Casaseca  finds  that  the  juice  is  richer  in  sugar  at  the  base  of  the  cane,  and 
gradually  poorer  towards  the  top. 

The  specific  gravity  of  cane-juice  varies  from  1*046  to  1*110,  but  is  generaUy 
1070  to  1*090,  or  from  10°  to  13°  Bm.  It  is  opaque,  frothv,  and  of  a  yellowiah-gnen 
colour.  On  boiling,  a  green  scum  rises,  and  theliquid  remains  of  a  pale-yellow  colour. 
The  green  scum  (dried)  consists,  according  to  Arequin,  of  50  per  cent,  of  a  peeoliar  wax 
called  cerosie,  100  green  matter,  22*7  albumin  and  woody  fibre,  8*3  calc^phoepliali^ 
and  140  silica.  The  pure  juice  contains  81*0  per  cent,  water,  18*20  sugar,  0*46  or- 
ganic matter  precipitated  by  lead-salts,  and  0*36  saline  matter. 

The  ash  of  the  cane  contains,  according  to  Stenhouse : 


SIO«. 

p«o\ 

SO«. 

CaO. 

HgO. 

K'O. 

Na'O. 

KCU 

Naa. 

46-46 

8-23 

4-66 

8-91 

4-60 

10-63 

•   • 

7-41 

9*21  a 

100 

41*37 

4-69 

10-93 

911 

6-92 

16-99 

•   • 

8*96 

218  - 

100 

46-48 

8-16 

7*62 

6-78 

16-61 

11-93 

0*67 

•  • 

8*95  - 

100 

6000 

6-66 

6*40 

6-09 

1301 

13-69 

1-83 

•  • 

3*92  - 

100 

The  proportion  of  salts  in  the  juice  varies  considerably  with  the  soil  on  whidi  the 
canes  are  grown.    (  Ur^a  Dictionary  of  ArUf  &c  iiL  808.) 

SVOAX-CAVB,  CBZSS8B.     See  SonOHO  (p.  364). 

8VOAB-ICAy&B.  Acer  sacckarinum,— The  stem  of  this  tree,  which  grows  wild 
in  many  parts  of  North  America,  yields  a  sugar  identical  with  that  of  the  cane.  To 
obtain  it,  the  trees  are  bored  in  the  early  spring,  and  the  juice,  collected  in  vessels  sus- 
pended beneath,  is  boiled  as  (quickly  as  possible  to  prevent  fermentation.  As  soon  as  the 
BVTup  fiows  from  the  stirrer,  m  thick  drops  of  the  consistence  of  honey,  it  is  strained 
through  a  wooden  sieve,  then  left  to  stand  for  eight  or  ten  hours,  clarified  with  a 
little  white  of  egg,  boiled,  skimmed,  and  quickly  evaporated  to  the  oystallising-point. 
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SIFIiFBA.CaTABIZ9B.  This  iiftine  is  applied  byKSchulze  (Zeitschr.  Ch. 
Fhann.  1865,  p.  73),  to  the  compound  ^      -04     '  t^t  prodaced  by  the  action  of  am- 

monium-sulphide  on  chloracetamide,  the  corresponding  acid,  ^  H^     [  ^**  being 

called  sulphacetic  ^c'ld  {manosulpkaeetsaure)  ;hjit  as  this  latter  name  has  long  been 
appropriated  to  the  acid,  C'H^O'.SO',  prodaced  by  the  action  of  solphoric  anhydride 
on  acetic  acid,  it  is  better  to  designate  Schnlze's  acid  as  thiodiacetic  acid,  and  the 
amide  as  thiodiacetyl-diamide,  a  namewhich  expresses  that  the  radicle,  C^H^O', 
contained  in  it  is  derived  from  a  double  molecule  of  acetyl,  C^HK)*,  by  the  substitution 
of  S"  for  H*.    (See  Thiodllcbtic  acid.) 

BVZiPBAOaTIC     AOD.       C5«H<S0»     -     Cm*Cf.8G*    (P'^^T  lo»     - 

(CIPO)") 
(SO)"  0*.  GlycoljfUsulpkurouaacid,  Sulpko-essigsaun,  EaaioickwrfaSure,  (Mel- 
H«  j 
sens,  Ann.  C!h.  I%78*  [3]t  ▼•  892;  z.  870. — ^Buckton  and  Hofmann,Clhem.  Soc 
On.  J.  is.  247.) — TinB  acid  is  pro^Uiced:  1.  By  the  action  of  sulphuric  anhydride  on 
acetic  acid.  Glacial  acetic  acid  is  gradually  saturated  with  sulphuric  anhydride,  the 
liquid  being  cooled  after  each  addition ;  the  mixture  is  diluted  with  water,  and  neutra- 
lised with  lead-carbonate ;  the  filtered  solution  is  evaporated  to  the  crystallising-point; 
and  from  tlie  lead-salt  thus  obtained,  the  sulphacetic  add  is  separated  by  sulphydric 
acid  fM el 8 ens). — 2.  By  the  action  of  Aiming  sulphuric  add  on  acetamide  or  acetoni- 
trile  (Buckton  and  Hofmann) : 

C«H»N  +  H«0  +  2H«S0*     -     C»H^SO»  +  NH*.H.SO*. 
AcetODlCrile.  Sulphacetic 

acid. 

This  is  the  reaction  which  chiefly  takes  place  when  the  materials  are  gradually  mixed, 
and  the  mixture  is  cooled  from  time  to  tune ;  if,  on  the  other  hand,  the  temperature  is 
allowed  to  rise,  carbonic  anhydride  is  evolved,  and  disulphometholic  add  is  produced, 
instead  of  sulphacetic  add,  according  to  the  equation : 

C«H»N  +   8H«S0*     -     CH*SH)«  +  NH«.H.SO*  +  C0«. 

Sulphacetic  add  forms  deliquescent  prisms,  which  melt  at  62°,  and  decompose  at 
200°.  It  is  venr  soluble  in  water,  forming  an  acid  solution,  which  is  not  decomposed 
by  boiling  ^Mels ens).  The  acid,  heated  with  fuming  sulphuric  acid  or  sulpnurio 
anhydride,  is  converted  into  disulphometholic  acid.    (Buckton  and  H 0 f m a n n.) 

Sulphacetic  add  is  dibasic.  Its  salts  are  all  soluble  in  water,  the  barium-salt  being 
the  least  soluble ;  they  are  insoluble  in  alcohol.  When  heated  with  strong  sulphuric 
acid,  they  give  off  carbonic  and  sulphurous  anhydrides. 

Sulphacetate  of  PotoMium,  CH^K'SO'.H'O,  is  deposited  from  a  hot  solution  on 
cooling,  in  small,  hard,  easily  pulverisable  crystals. — The  barium'SaUf  when  pure,  forms 
small  opaque  crystals,  CH'Ba'SO^.fH^O,  which  give  off  a  third  of  their  water  at  100°, 
and  the  whole  at  250°.— The  Uad-salt,  C^H'Th'SO*,  is  deposited,  sometimes  in  radiate 
groups  of  short  transparent  needles,  sometimes  in  opaque  nodules,  which  do  not  retain 
any  water  at  120°. — The  sUver-saltt  C'H'Ag'SO*,  is  depodted  from  a  boiling  saturated 
solution  in  small  flat  prisms,  bevelled  at  the  ends.  In  the  mother-liquor  obtained  in 
the  preparation  of  this  salt  by  saturating  the  acid  with  silver-oxide,  Melsens  found  a 
salt  containing  CH'Ag'S'O*,  doubtless  &ulphometholate  of  silver. 

(C«H«)") 

8ir&»BAOBTTUnrZO    AOZD*    AceUchwrfadure,    C*H<SO*   «    (S0<)"  VO*. 

H«     J 
(Kammerer  and  Garius,  Ann.  Ch.  Fharm.  cxxxi.  165;  Jahresb.  1864,  p.  326.) — 
This  add,  isomeric  with  sulphacetic  add,  is  produced  by  heating  1  at  argentic  sulphate 
(mixed  with  glass  powder)  with  2  at  chloride  of  acetyl  to  120°,  and  treating  the  pro- 
duct with  water : 


Argentic  AceCotalphoric 

sulphate.  anhydride. 

(SO")'  \  (so«r ) 

C«H»)"  " 

(C«H»0) 

cetotulp 
anhydride  leoiicackl.  acid. 


(SO-)'    )  (SO«r  )  c«H«0> 

(C«H»)'    l0»      +       H«0       -       (C«H«)''yO«  +    ^S"(o. 
C«H»0).H>                                                   H«)  ^     > 

Acetotulphuric  Sulphacety-  Acetic 

"eiuc 
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By  neutralising  the  resulting  solution  with  lecwl-carbonate,  decomposing  the  filtrate 
with  Bulphydric  acid,  and  evaporating  in  a  v^icmim,  the  sulphacetylenic  acid  ifi  obtained 
as  a  viscid  liquid,  which  gradually  decomposes  into  sulphuric  and  acetic  acids.  With 
pentachloride  of  phosphorus  it  first  yields  the  chloride,  C*B[«S0*C1«  (which  boils  at 
160°,  and  is  resolved  by  water  into  hydrochloric  and  sulphacetylenic  add),  and  then, 
as  final  products,  chloride  of  chloracetyl  *  and  chloride  of  sulphuryl : 

C»h4o»  +   2PC1»     =      (^H«lci«    **"   2P0a«  +   2HCL 

Sulphacety-  Sulphacetyle- 

lenic  acid.  nlc  chloride. 

c«H»lci»  "*■  ^^^*   "   ^^*^^*  "*■  c*H«cio.ci  +  pa«. 

Sulphacety-  Chloride  of         Chloride  of 

lenic  chloi  ide.  soIphuryL  chloracetyl. 

By  this  behaviour,  according  to  Kammcrer  and  Carius,  sulphacetylenic  acid  is  distin- 
guished fipom  sulphacetic  acid :  they  do  not,  however,  state  distinctly  in  what  manner 
the  latter  acid  reacts  with  pentachloride  of  phosphorus.  (Compare  SuiJ«OBBiczTi.B2nc 
Acid.) 

Sulphacetylenic  acid  is  dibasic. — The  potassmm-salt,  C*H'K*SO*.H'0,  is  easily 
Koluble  in  water,  and  ci^-stallises  in  needles  and  short  prisms. — The  barium-Mait, 
0'H'Ba''SO*.H'0,  is  somewhat  sparingly  soluble,  and  crystallises  in  hard  right  rhombic 
prisms. 

S}'n.  with  Methylic  Sulphamate  (p.  477). 


NH»SO»  =  ^'H\^«)"/q  ^  (SOtIq.— This    com- 


li" 


poimd,  the  amic  acid  of  sulphuric  acid,  is  not  known  in  the  free  state,  that  is  to  say, 
as  a  hydrogen-salt ;  but  the  so-called  anhydrous  sulphate  of  ammonia,  called  "sulphat- 
ammon'*  by  H.  Rose,  "sulphamido"  by  Dumas,  is  probably  its  neutral  ammoninm- 
salt. 

H« 
Neutral  Sulphamate  of  Ammonium,  N'H«SO»  =  2NH».S0»  -  (SOT 

gRose,  Pogg.  Ann.  zxxii.  81 ;  zlvii.  471 ;  xlLx.  183.) — This  dalt  is  prodnced  when 
ammonia-gas  is  passed  over  a  thin  layer  of  sulphuric  anhydride,  care  being  taken 
to  renew  the  surface  frequently  by  scraping,  as  othenaise  the  lower  portions  will  not 
l>e  attacked  by  the  ammonia.  The  product  is  a  white  crystalline  powder,  haTing  a 
bitter  taste,  and  perfectly  neutral  if  it  does  not  contain  either  free  ammonia  or  me 
sulphuric  anhydride.  It  is  permanent  in  tlie  air,  dissolves  without  sensible  decompo* 
sition  in  9  pts.  of  water,  and  is  insoluble  in  alcohol.  The  dry  salt  is  decomposed  by 
heat,  giving  off  ammonia  and  Kulphurous  nnhydride,  and  leaving  a  residue  of  sulphate 
of  ammonium.  Platinic  chloride  added  to  the  aqueous  solution,  throws  down  half  ths 
nitrqrcn  as  ammonium-chloroplutinate.  The  caustic  adkalis  and  their  carbonates 
decompose  the  salt,  even  in  the  cold,  with  evolution  of  ammonia.  The  aquemis 
solution  is  clouded  by  chloride  of  barium,  the  precipitate  gradually  increasing  on 
standing,  and  espooially  if  tlio  liquid  be  heated ;  but  the  precipitation  is  never  complete, 
not  more  than  half  the  sulphur  being  separated  as  sulphate  of  barimn. 

The  aqueous  solution,  evaporated  over  oil  of  vitnol  in  a  vacuum,  yields  transparent, 
colourless,  hemihodral  crystals,  belonging  to  the  quadi-atic  system.  Th^e  ciystals 
have  exactly  the  same  composition  as  the  original  pulverulent  salt^  and  were  therefore 
designated  by  Rose  as  parasulphatammon.  They  doubtless  consist  of  the  pure 
neutral  sulphamate  of  ammonium,  quite  free  from  adhering  sulphuric  acid.  They 
dissolve  in  water  more  easily  than  the  original  salt,  forming  a  perfectly  neutnd 
solution,  which  reacts  in  the  same  manner  with  platinic  chloride,  but  gives  no  precipi- 
tate with  chloride  of  barium,  except  after  prolonged  boiling. 

The  mother-liquor  of  parasiilphatammon  yields,  by  further  evaporation,  a  hydrated 
salt,  2N'H*S0*.H*0,  in  indistinct  deliquescent  crystals,  very  soluble  in  water,  and 
exhibiting  signs  of  decomposition,  as  their  solution  is  faintly  acid,  and  immediately 
gives  a  slight  precipitate  with  chloride  of  barium. 

Acid  Sulphamate  of  Ammonium,  N'H'SO'.NH'SO". — Produced,  simultaneously 
with  the  neutral  salt,  as  a  hard  vitreous  mass,  which  deliquesces  rapidly  in  the  air, 

■  The  chloride  of  chloracptyl  is  convprted.  hr  excess  of  phosphoric  pentachloride.  into  a  colourlew 
liquid,  probably  C^H^CIS  not  docomposible  by  potash- ley,  but  resoWed  by  water  at  ISO^  into  hydro- 
chloric and  monocbloracctic  acid. 
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anddiMolTes  in  water  with  a  hiuing  noise  (H.  Rose).  According  to  Woronin 
(lUp.  Chim.  imre,  ii.  452),  an  aqueous  solution  of  the  neutral  sulphamate  left  to 
evaporate  in  the  air,  yields  an  abundant  crystallisation  of  the  acid  sulphamate.  It  a 
solution  is  not  precipitated  by  chloride  of  barium,  exceptiug  after  neutralisatien  with 
ammonia  {infra). 

Sulphamate  of  Barium. — When  a  solution  of  the  neutral  ammonium-salt  is 
mixf'd  with  an  exactly  equivalent  quantity  of  baryta- water,  ammonia  is  evolved, 
and  the  filtered  liquid  yielcis  crvstals  of  an  easily  soluble  barium-salt. 

The  precipitate  formed  by  chloride  of  barium  in  a  solution  of  the  acid  ammonium- 
salt  mixed  with  ammonia,  consists  of  a  basic  sulphamate  of  barium^  which,  when 
treated  with  the  proper  quantity  of  sulphuric  acid,  yields  a  precipitate  of  barium- 

sulphate  and  a  solution  of  neutral  barium-sulphamate,  N'H'Brt''S*0«  «  (S0*)«  Vj^,. 

Ba")^ 
This  salt  forms  well-developed  crystals,  sparingly  soluble  in    cold  water,  and    is 
decomposed  by  hot  water,  with  formation  of  barium-sulphate.     (Woronin.) 

Sulphamate  of  Potassium^  obtained  by  decomposing  the  barium-salt  with  sulphate 
of  potassium,  forms  small  transparent  crystals ;  on  addition  of  barium-chlonde  and 
ammonia  to  its  solution,  it  is  converted  into  basic  sulphamate  of  barium.  (Woro- 
nin.) 

BUXPBAXZO  aTHWBBi    Methylic  Sulphamate,  or  Sulphamethylanet 

CII'NSO*  =  (SO*)"  >^ . — This  compound,  which  has  the  composition  of  anhydrosul- 

phato  of  methylamine,  is  formed  by  dissolving  methylic  sulphate  in  aqueous  ammonia, 
and  crystallises,  by  evaporation  in  a  vacuum,  m  large,  very  deliquescent  cryB- 
tals. 

C«H».H)^ 
Phenylsnlpluunlo    or    SnlptaaniUo    Acid,     C'H'NSO'    »      (SO*)"^^    or 

NH(C"H*)(SOT|o.    (Gerhardt,  J.  Pharm.  [3],  x.  6.— Buckton  and  Hofmann, 

Chem.  Soc.  Qu.  J.  ix.  259.— R.  Schmitt,  Ann.  Ch.  Pharm.  cxx.  129.) — This  acid, 
isomeric  with  amidosulphobonzolic  acid,  C*H*(NH*)SO',  is  formed  by  the  action  of 
sulphuric  acid  on  aniline,  or  on  oxanilide  (phenyloxamide) : 

C«H«(C«H»)»N«0«  +   2H='S0*  =  2C«H'NS0»  +  CO  +   C0«  +   HK). 

O&anilide.  Sulphanllic 

acid. 

Preparation. — 1.  From  the  mixture  of  oxanilide  and  formanilide  obtained  by  heat- 
ing oxalate  of  aniline  (iv.  427).  ,This  mixture  is  made'  up  into  a  thick  paste  with 
strong  sulphuric  acid,  and  c;ontly  heated  as  long  as  effervescence  continues;  then 
exposed  to  moist  air  in  a  shallow  dish,  till  it  solidifies  to  a  crystalline  pulp  of  sulpha- 
nilic  acid,  which  may  be  purified  by  washing  with  cold,  and  recrystallising  from 
boiling  water  (Gerhardt). — 2.  By  dissolving  aniline  in  a  slight  excess  of  sulphuric 
acid,  evaporating  to  dryness,  and  heating  the  residue  with  constant  agitation,  as  long 
as  vapours  of  aniline  (?)  continue  to  escape.  The  product  is  purified  as  before  (Ger- 
hardt).— Schmitt  mixes  1  pt.  of  aniline  hydrops  with  2  pts.  of  fuming  sulphuric 
acid  in  a  porcelain  dish,  heats  the  brown  syrupy  liquid  till  it  becomes  dark-brown 
and  gives  off  a  large  quantity  of  sulphurous  anhydride ;  and  pours  the  thick  syrup 
when  cold  into  cold  water :  the  sulphanilic  acid  then  separates  as  a  black  cryst^lino 
mass,  which  may  be  purified  by  repeated  recrystallisation  from  hot  water,  with 
addition  of  anim^  charcoal.  This,  according  to  Schmitt,  is  the  l)est  mode  of  preparing 
sulphanilic  acid :  Gerhardt,  on  the  other  hand,  preferred  the  preparation  from  oxani- 
lide. 

^Sulphanilic  Acid. — Laurent  (Compt.  rend.  xxxi.  538)  obtained  an  acid,  having 
the  composition  of  sulphanilic  acid,  by  treating  nitrosulphobenzoate  of  ammonium  with 
sulphydric  acid.  Kolbe  (Ann.  Ch.  Pharm.  cxiii.  318)  suggested  that  the  acid  thus 
obtained  was  not  identical,  but  only  isomeric,  with  Gerhardt's  sulphanilic  acid  ;  and 
this  supposition  has  been  corroborated  by  Schmitt^  who  has  pomted  out  several 
differences  in  the  characters  of  the  two  adds  and  their  salts  (infra).  Kekul6 
{Lehrbuch,  ii.  605)  regards  it  as  probable  that  Laurent's  acid  is  the  true  phenylsul- 
phamic  or  sulphanilic  acid,  and  that  the  acid  produced  by  the  action  of  sulpiuric  acid 
on  aniline  or  oxanilide  is  amidosulphobenzolic  acid.  Till  this  question  is  satisfac- 
torily decided,  it  may  be  convenient  to  designate  Laurent's  acid  as  /3-sulphanilic  acid. 
Schmitt  prepares  this  acid  by  mixing  1  pt.  of  nitrobenzol  with  5  or  6  pts.  of  fuming 
sulphuric  acid,  leaving  the  mixture  for  several  days  in  a  warm  place,  and  shaking 
it  frequently  till  all   the    nitrobenzol  has  disappeared.      The    viscid  mriss  is  then 


478  SULPHAMIC  ETHERS. 

neutralised  with  carbonate  of  lend ;  the  colourless  solution  of  plnmbie  mtroBalphoben- 
zolate,  obtained  by  boiling  and  filtering  the  liqnid,  is  decomposed  by  snlphydric  add ; 
the  liquid,  filtered  (torn  I«ul-Bulphide,  is  neutnilised  with  carbonate  of  barium ;  and 
the  resulting  barium-salt  (which  separates  in  warty  crystals)  is  disaolyed  in  a  large 

Quantity  of  water,  and  mixed  with  «i  laige  excess  of  baryta.  Sulphydric  add  gas  is 
[len  passed  into  the  liquid,  till  the  taste  of  the  nitro-acid  is  completely  remored ;  and 
the  liquid,  filtered  from  hyposulphite  of  barium,  is  again  treated  with  sulphydric  ackL 
The  filtered  solution  of  the  barium-salt,  treated  with  an  exactly  equiralent  quantity  of 
sulphuric  acid,  yields  the  aqueous  /3-sulphanilic  acid,  which  may  be  obtained  in  crys- 
tals by  evaporation. 

Properties. — Sulphanilic  acid  (from  aniline  or  oxanilide)  crystallises  from  hot  water 
in  shining  rhombic  plates,  containing,  according  to  Schmitt,  C'H'NSO'.H'O.  It  is 
slightly  solnblo  in  cold  water,  1  pt.  [of  the  anhydrous  or  hydratod  acid  ?]  dissolring 
in  128  pts.  of  ice-cold  water,  ana  in  112  pts.  at  16^  (Schmitt^;  still  lesa  soluble  in 
alcohol  (Gerhardt),  insoluble  in  alcohol  and  in  ether  (Schmitt).  From  a  concen- 
trated solution  of  a  sulphanilate,  it  is  precipitated  by  acids  in  slender  needles. 

The  crystals  give  off  their  water  paroally  on  exposure  to  the  air,  completely  at  100^; 
the  effloresced  acid,  if  exposed  for  some  time  to  this  temperature,  assumes  a  brownish 
colour,  but  may  be  heated  to  220^  without  decomposing.  At  higher  tempentnzes  it 
decomposes,  leaving  a  carbonaceous  residue,  and  giving  off  sulphurous  anhydride;  also^ 
if  distilled  in  a  retort,  sulphite  of  aniline,  which  crjrstallises  m  the  reeeirer.  Heated 
with  a  solid  caustic  alkali,  or  with  potash-lime,  it  gives  off  aniline  and  leaves  an 
alkaline  sulph^e.  Heated  with  strong  nitric  acid^  it  evolves  a  large  quantity  of  gas, 
and  forms  a  deep  red  liquid,  but  no  ciystals  (Gerhardt).  Its  aqueous  solution  is 
coloured  red-brown,  without  precipitation,  by  chromic  acid,  Chlorine-'Water  colours  it 
pale-crimson,  gradually  changing  to  red-brown  (Gerhardt).  According  to  Schmitt, 
the  aqueous  solution  is  not  altered  either  by  chlorine  or  bv  iodine.  Bromine,  added 
even  to  a  dilute  solution  of  the  acid,  renders  it  milky,  and  throws  down  after  a  while  a 
white  curdy  precipitate  (Gerhardt).  From  a  hot  solution  it  throws  down  white 
interlaced  needles  of  tribromaniline: 

C«H^SO»  +  Bi»  -  C^*Br»N  +   S0»  +   SHBr. 
Sulphanilic  Tribrmnanl- 

acid.  line. 

If  only  4  at.  bromine  be  added,  dibromosulphanilic  acid,  C^'Bi'NSO',  is 
likewise  formed,  and  remains  dissolved  (Schmitt,  p.  479). — ^With  niiroui  add,  it 
forms  diazosulphobensolic  acid  (Schmitt) : 

2(>H^S0"  +  NK)»  =  2<>H*N^S0«  +   8H»0. 

Sulphnnillc  Diazosulpho- 

acid.  bensolic-actd. 

jS-Sulphanilic  acid  crystallises  from  its  aqueous  solution  by  evaporation  in  long 
pointed  crystals,  which  contain  2C^]rNSO\3H'0,  give  off  their  water  partially  at 
ordinary  temperatures,  completely  at  100°,  and  becoming  white  and  opaque.  It  is  in- 
soluble in  ether  and  alcohol,  easily  soluble  in  hot  water.  With  bromine  it  behaves 
somewhat  differently  from  sulphanilic  acid,  inasmuch  as,  though  its  concentrated 
solutions  are  rendered  turbid  by  bromine,  the  liquid  filtered  therefrom  does  not 
give  any  precipitate  with  chloride  of  barium,  as  is  the  case  with  that  obtained  in  like 
manner  fK>m  sulphanilic  acid  (p.  479). 

Sulpbanilates.— Sulphanilic  acid  is  a  strong  acid,  and  decomposes  carbonates 
with  effervescence.  Its  salts  are  soluble  and  crysUdlisable  ;  their  solutions  give,  with 
chromic  acid  and  bromine-water,  the  same  reactions  as  the  free  acid.  The  iS-sul- 
phanilates  differ  from  the  sulpbanilates  in  crystalline  form.     (Schmitt.) 

Sulphanilate  of  Ammonium,  C»H«(NH*)NSO*,  is  very  soluble,  and  crystallises  by 
spontaneous  evaporation,  in  shining  rectangular  plates. — The  aniline-^ali  is  very 
soluble. — The  barium-salt  forms  rectangular  prisms,  moderately  soluble  in  water. — 
The  cupric  salt,  C'«H'*Cu'TJ«S»0«.4H»0,  forms  small  truncated  prisms  of  a  very  dark 
green  colour,  which  retain  their  water  at  100°. — The  silver-salt  crystallises  in  mining 
scales. — The  sodium-salt,  C*H'NaNSO*.H*0,  crystallises  from  aqueous  solution  by 
spontaneous  evaporation,  in  fine  octagonal  plates,  insoluble  in  ether,  but  soluble  in 
boiling  alcohol,  whence  it  crystallises  in  white  needles. 

Dibromosulphanilic  Acid,  C«H»Brn^SO«  (Schmitt,  loc,  ct^.).~^Ph)diioed  when 
4  at.  bromine  are  added  to  a  hot  solution  of  1  at.  sulphanilic  acid : 

C«H^"SO«  +  Br<  «  C«H»Br»NSO»  +   2HBr. 

It  remains  in  solution  ;  is  separated  by  filtration  from  the  tribromaniline  fanned  at 
the  same  time  (p.  478) ;  precipitated  as  a  barium-salt  by  addition  of  barium-chloride ; 
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from  its  mode  of  formation,  and  the  mode  of  decomposition  just  mentioned,  is  probablj 

C«H»\ 

the  true  phenyldisulphamic  acid,  (aQtl-  fQt ;  whereas  the  former,  resulting  from  th« 

action  of  sulphuric  acid  upon  aniline  (amidobenzolX  may  rather  be  r^arded  as  amido- 
disulphobenzoHc  acid,  C«H*(NH«)S«0''. 

PnenyldlSQlpliodiamio    Aoia«  C'H^'S'O'    »      (SO')' V^,.  — l^'MioAtniro^tt; 

Acid.  (Hilkenkamp,  Ann.  Ch.  Pharm.  xcv.  86;  Jahresb.  1855,  p.  636.) — ^Produced 
as  an  ammonium-salt,  by  the  action  of  sulphite  of  ammonium  on  nitrobenzol,  probablj 
containing  dinitrobenzol : 

C*n*(NO«)«  +  6(Nn*)«S0»  =  C«H«(NH*)'N'S«0«  +  4(SB.*yS0*  +  2NH». 
The  materials  (80  grms.  uitrobenzol,  340  grms.  dry  sulphite  of  ammonium,  and  1  litre 
of  anhydrous  alcohol,  together  with  a  little  carbonate  of  ammonium,  to  keep  the  mix- 
ture alkaline)  were  cohobated  for  several  hours ;  and  the  liquid  decanted  from  the 
sulphate  of  ammonium,  which  separated,  was  evaporated  to  an  oily  consistence ;  it  then 
deposited  a  large  quantity  of  white  laminae  (doubtless  consisting  of  phenyldisulpham- 
ate  of  ammonium),  together  with  a  small  quantity  of  hard  slender  needles,  consisting 
of  the  phenyldisulphodiamate,  C«H«(NH*)2N'S20«.  This  salt  is  very  soluble  in  water 
and  in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insoluble  in  ether;  when 
heated  it  chars,  swells  up,  and  emits  the  odour  of  sulphurous  acid.  Its  aqueous 
solution  is  slightly  acid. 

All  the  phenyldisulphodiamates  are  easily  soluble.  The  barium-mU^ 
C*H*Ba''N'S'0*,  obtained  by  decomposing  the  ammonium-salt  with  baiyta-water, 
forms  crystalline  crusts,  insoluble  in  alcohol  and  ether. 

Bensyldlsalpbamlo  Add.     C*H*NS*0*  »  (SO')Hq^  Tolyldisulphamie  Acid. 

Thiotoluols'dure.  Disulfuryl'tohiyhdu re.  (Hilkenkamp,  loc,  cit. — C arias,  Zeitschr. 
Ch.  Phiirm.  1861,  p.  632 ;  Jahresb.  1861,  p.  634.) — Obtained  in  the  same  manner  as 
phcnyldisulphamic  acid,  by  the  action  of  ammonium-sulphite  on  nitrobenzylene  (nitro- 
toluol).  According  to  Hilkenkamp,  the  ammonium-salt^  which  is  the  direct  product  of 
the  reaction,  has  the  composition  C^H'(NH*)NS*0* ;  and  the  jpotassium^salt  obtained 
by  decomposing  it  with  potash,  contains  C'H*KNS'0*;  which  would  imply  either  that 
the  acid  is  monobasic,  or  that  these  are  acid  salts.  According  to  CariuH,  the  barium- 
salt,  obtitined  by  decomposing  the  ammonium-salt  with  baryta-water,  has  the  compoa- 
tion  C'H'Ba'TfS'O*,  showing  that  the  acid  is  dibasic,  like  phenyldisulphamic  acid. 
The  other  benzyldisulphamates  resemble  the  corresponding  phouyl-compounds  (p.  479), 
and  the  acid,  when  separated  from  them,  splits  up  in  like  manner  into  sulphuric  add 
and  benzylamine.    (Cf a  r  i  u  s. ) 

CH"  )^ 
Cumenyldlsulpliamio  Aoid.    C»H'«NS«0«  =  (SO«)Hq^    Disulfuryl-cumenyU 

sdure.  (Car i us,  loc.  cit.). — Prepared  in  like  manner  from  nitrocumol.  The  salts 
are  similar  to  the  phenyldisulphamates,  the  barium-salt  having  the  composition 
C*H"Ba"NS'0*,  and  the  acid  separated  from  it  is  resolved  in  like  manner  into  sulphu- 
ric acid  and  cumenylamine. 

SirXiPBAlimB.     ^^^P" I N«.— According  to  Regnault  (Ann.  Ch.  Phys.  [2] 

Ixxiz.  170),  this  body  is  produced,  together  with  sal-ammo'iac,  when  dry  ammonia-gas 
is  passed  over  sulphuric  chloride,  S0*C1«;  but,  according  to  H.  Rose,  the  product  thus 
formed  is  a  mixture  of  sal-ammoniac  and  neutral  sulphamate  of  ammonium  (sulpha- 
tammon). 

See  SuLFHAZonsED  Acids  (p.  482). 

C'H'^'S  «  C'^*Sr  I  N«.  (H  o  f  m  a  n  n,  Proc.Roy. 

Soc.  X.  598.)— This  base,  metameric  with  phenylsulphocarbamide,  r(CS)"(C«H*)H»]N« 
(i.  756),  and  analogous  to  Chancel's  oxybenzodiamide  (i.  765),  is  produced  by 
the  action  of  ammonium-sulphide  on  nitrobenzonitrile,  C'n*(NO')N.  When  this 
compound  is  boiled  with  an  aqueous  solution  of  ammonium-sulphide,  a  large  quantity 
of  sulphur  separates  at  first ;  and  on  evaporating  the  liquid,  a  yellowish  oil  is  deposited, 
which  solidifies  but  imperfectly,  and  is  difficult  to  purify.  This  oil  is  a  wtik  base, 
having  the    composition     of  amidobeuzoiiitrile,    C'H*N*  =   C'H*(NH»)N;    and  by 
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decompOMd  by  boiling  alcohol,  with  eroluiion  of  lulphydric  aei<L  (Lauren  t»  Ann. 
Ch.  Phys.  L3]  xxxvi.  342.) 

SVZiPBAZOTZBSO  AOZB8.     (Fr6my,  Ann.  Ch.  Phys.  [3]  xv.  408  ;  Handw. 

vii.  679.)— A  series  of  acids,  the  potassium-salt*  of  which  are  formed  by  the  action  of 
sulphurous  anhydride  upon  a  solution  of  potassium-nitrite  containing  a  largo  excess  of 
free  alkali.  Sulphurous  anhydride  combines  with  the  elements  of  potassium-nitrite  «nd 
water  in  several  proportions,  forming  compounds  which  crystallise  readily,  and  in  which 
neitlier  sulphurous  nor  nitrous  acid  can  be  detected  by  the  usual  tests.  The  solutions  of 
these  salts  form,  with  salts  of  barium,  precipitates  containing  the  corresponding  acids. 
These  compounds  are  all  decomposed  by  boiling  their  solutions,  ammonia  and  sulphuric 
acid  being  found  among  the  products ;  some  of  them  even  experience  a  similar  decompoai- 
tion  at  ordinary  temperatures. 

The  derivation  of  some  of  these  salts  from  potash,  water,  sulpharoas  and  nitroos 
anhydrides,  may  be  represented  by  tho  fbllowing  formulse : 

Sulpharite  of  potassium,  3K«O.S«H«N20'«  -  8K«0   +  N«0«  +  3S0»  -I-    3H«0 

Bulphazate              „  8K«0.S*H«N«0"  -  8KK)   +  N«0»  -f  4SO»  +    8H«0 

Sulpliazotute          „  3K«0.S»H«N«0'«  =  8K»0   +  N«0«  +  6SO«  -<-   8H»0 

Sulphammonate      „  4K«0.S«H«N'0«  =  4K«0   +  N«0»  +  8SO«  +   3H*0 

Sulphammonate  of  Potassium  is  formed  by  mixing  the  strong  solutions  of  nitrite  and 
sulphite  of  potassium  ;  it  is  then  deposited  in  beautiful  silky  needles. — The  8%dphazat€ 
is  iormed  by  the  action  of  sulphurous  anhydride  on  nitrite  of  potassium  in  alkaline 
solution  ;  the  sulpharite  by  the  action  of  water  on  tho  sulphazate ;  tho  ttdphazotate 
separates  in  lai^e  rliombohedral  crystals,  on  evaporating  an  aqueous  solution  of  the 
sulphaitate.     Neither  of  these  acids  can  exist  in  the  free  state,  i.  e.  as  hydrc^en-salts. 

Fr^niy  also  describes  : — Metasulphazotate  of  potassium,  3K*0.9'H*N*0**,  formed, 
together  with  the  sulphazotate,  by  the  action  of  sulphurous  anhydride  on  nitrite  of 
potassium  :  acid  not  isolated. — Sulphazilitey  K'O.S'HNO,  produced  by  the  action 
of  silver-oxide  in  the  cold  on  a  solution  of  the  neutral  sulphazotate :  acid  not  isolated. — 
Metasulphazilite,  SK'O.S'H^N'O*,  formed  in  like  manner  at  the  boiling  heat — Sulpha- 
midate,  K'O.S'^H'NO*,  formed  from  the  sulphammonate  by  the  action  of  water :  add 
not  isolated. — Stdphctzidicacidy  2H*0.S•^•N*0^  is  obtained  by  decomposing  thebarinm- 
shU  (the  mode  of  preparation  of  which  is  not  given)  with  an  equivalent  quantity  of 
sulphuric  acid.  By  saturating  it  with  potash,  the  potassium-salt,  2K*OJ3*H*N*0',  is 
obtained  in  regular  six-sided  laminte. 

SV&PBBSATTOB.     Syn.  with  DisulphisjLTTdb  (iii.  412). 

8UXPBZOBS  and  BITXiPBTBBATBS.  The  term  sulphide  (formerly  KtU 
phuret),  in  its  widest  sense,  includes  all  compounds  in  which  sulphur  forms  the  elec- 
tronegative constituent  Sulphur  unites  in  this  way  with  all  the  metals,  with  most  of 
the  non-metallio  elements,  and  with  many  organic  radides.  The  sulphides  are,  for  the 
most  part,  analogous  in  composition  to  the  oxides,  and,  like  the  latter,  may  be  divided 
into  acid  and  basic  sulphides,  or  sulphur-acids  and  sulphur-bases,  which  are  capable  of 
uniting  together  and  forming  sulphur-salts.  To  the  class  of  acid  sulphides  belong  the 
sulphides  of  the  non-metallic  element!^,  and  those  metallic  sulphides  which  are  eoTuble 
in  sulphide  of  ammonium — viz.,  the  sulphides  of  antimony,  arsenic,  tin,  molybdenum, 
tungsten,  vanadium,  gold,  and  platinum ;  the  other  metallic  sulphides  and  the  sulphides 
of  the  alcohol-radicles  are  basic. 

Metallic  Sulpmidbs. — Precisely  as  we  have  oxides  and  hydrates  formed  on 
the  type  of  one  or  more  atoms  of  water,  so  we  have  sulphides  and  sulphydrates 
derived  Itom  one  or  more  atoms  of  sulphydric  acid.  The  more  or  less  basykms 
sulphides,  like  their  corresponding  oxides,  niay  be  divided  into  three  principal  danes, 
monatomic,  diatomic,  and  triatomio,  formed  respectively  on  the  typM  of  one,  two, 
and  three  atoms  of  sulphydric  acid.  The  first  class  includes  hemisulphides  andproto- 
sulphides,  with  the  corresponding  sulphydrates.  Hemisulphide  of  nickel,  Ni^  sul- 
phide of  zinc,  Zn'S,  and  sulphydrate  of  sodium,  HNaS,  may  be  taken  as  examples. 
The  second  class  includes  disulphides  and  disulphydrates.  Disulphide  of  ^tinum, 
Pt'*S*,  and  sulphydrate  of  banum,  Ba^'E'S',  may  be  taken  as  examples.  The  third 
class  includes  the  trisulphides  with  their  corresponding  sulphydrates,  such  as 
trisulphide  of  bismuth,  Bi'S',  and  trisulphide  of  chromium,  Cr^.  It  is 
obserrable  that  while  the  trioxidee  constitute  a  most  important  class  of  ozides;, 
the  trisulphides  are  a  very  unimportant  class  of  sulphides.  As  a  nde,  they  do  not 
occur  native,  are  scarcely  salifiable,  and  do  not  result  from  the  ordinaiy  analytical 
processes  which  produce  the  other  metallic  sulphides  with  such  facility. 

The  sulphides  differ  much  from  one  another  in  the  rapidity  and  completcnesB  with 
which  they  are  decomposed  by  acids.  When  finely  pulverised,  they  are  all  decomposed 
more  or  less  perfectly  by  hydrochloric  acid  gas,  but  some  of  them  are  attacked  nery 
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It  is  doubtful  whether  the  three  intermediate  polyrolphides  are  other  than  inix- 
turefl  of  proto-  and  ponta-sulphide.  They  may,  however,  be  definite  sulphides  corres- 
ponding to  the  polythionic  series  of  oxygen-salts,  thus : 


K«S«,  Bisulphide. 
K^S»,  Trisulphide. 
K«S«,  Tetrasulphide. 
K«S*,  Pentasulphide. 


K«S»0«,  Dithionate. 
K«S'0«,  Trithionate. 
K«S*Or  Tetrathionate. 
K»S*0«,  Pentathionate. 


It  is  observable,  moi-eovcr,  that  the  three  intermediate  polysulphides  result  from 
definite  reactions,  and  that  the  disulphide  and  trisulphide  correspond  to  definite  oxidea. 
The  yellow  colour,  which  solutions  of  alkaline  protosulphide  and  8ulphydrat«  acquire 
by  exposure  to  air,  is  due  to  the  production  of  polysiilphides,  thus :  2KHS  -♦-  O  =■ 
K*S'  +  H*0.  The  yellow  solutions  of  the  polysulphides  eventually  become  colourless 
by  absorption  of  oxygen,  which  produces  a  thiosulphate,  accompanied,  in  the  case  of 
the  tri-,  tetra-,  and  penta-sulphides,  with  a  deposit  of  sulphur.  The  polysulphides  do 
not  appear  to  form  correspoudine  polysulphydrates  ;  for  when  sulphur  is  boiled  with 
solutions  of  sulphydrates,  there  is  always  an  evolution  of  sulphydric  add,  thus: 

2KHS   +   S     -     K'S«  +   IPS. 

The  distinction  between  neutral  and  salifiable  sulphides  is  much  less  marked  even 
than  that  between  neutral  and  salifiable  oxides.  Disulphide  of  iron,  for  instance,  is 
obviously  the  representative  of  the  non-salifiable  peroxide  of  manganese.  The  two 
compounds,  when  heated  in  close  vessels,  undergo  precisely  similar  decompositions : 

3MnO«     «     Mn«0«   +   0«. 
3FeS«        -     Fe«S«     •¥   S«. 

On  the  other  hand,  the  trisulphide  of  iron  is  obviously  the  representative  of  the 
salifiable  trioxide  of  that  metal,  and  should  correspond  with  it  in  its  reaction  with 
hydrochloric  acid,  thus : 

Fe'0»   +   6HC1     -     2Fea»   +   3H*0. 
Fe«S»    +   6HC1     «     2FeCl«   +   3H«& 

But  sulphydric  acid  has  the  property  of  reducing  trichloride  of  iron  to  the  state  of 
dichloride,  with  a  deposition  of  sulphur,  thus :  2FeCl*  •¥  H*S  «  2FeCl*  +  2HC1 
-¥■  S.  Hence  the  actual  behaviour  of  trisulphide  of  iron,  when  treated  with  hydro- 
chloric acid,  corresponds,  not  with  that  of  the  salifiable  trioxide  of  iron,  but  with 
that  of  the  indifferent  trioxide  of  cobalt : 


Co«0«    +   4HC1     -     2CoCl«    +   2H^0 

+    0. 

Fe'S*     4-   4Ha     -     2FeCl«    +   2H*S 

f  a 

The  sulphides  of  the  chlorous  metals  have  characters  corresponding  to  those  of  the 
corresponding  metallic  oxides ;  that  is  to  say,  they  unite  with  the  sulphides  of  the 
basylous  metals  to  form  corresponding  soluble  salts.  The  disulphide  of  tin,  and  the  tri« 
sulphides  and  pen tasulph ides  of  antimony  and  arsenic,  for  instance,  dissolve  in  sulj^y* 
drate  of  potassium  or  ammonium,  just  as  the  corresponding  oxides  dissolve  in  oxhydurate 
of  potassium  or  ammonium.  Thus  we  have  stannate  of  pota.«8iuni,  K'SnO*  or  KH).SnO*, 
and  sulphostannate  of  potassium,  K^SnS'  or  K'S.SnS'.  When  these  chlorous  sulphides 
dissolve  in  alkaline  hydrates,  they  form  both  sulphoealts  and  oxysalts,  thus ; 

3SnS>  +   6KH0     -     2K«SnS»   +   K«SnO«   +   3H*0. 

Respecting  the  modes  of  formation  and  the  reactions  of  metallic  sulphides,  see  fnr- 
tlier  Mrtals  (iii.  940);  also  Od ling's  Manual  of  Chemiiatry{\.  153). 

On  the  sulphides  and  sulphydrates  of  alcohol-radicles,  see  Ethbss  (ii.  511). 

The  individual  sulphides,  inorganic  and  organic,  are  specially  described  in  oonnee^ 
tion  with  the  several  elements  and  organic  radicles. 

II€U>TZO  AOZB.     See  Imbioo-sulphxtbic  Acids  (iii.  258). 

Syn.  with  SuLPinxDiGOTic  Acid. 

An  acid  produced,  according  to  Laurent,  by  the 
action  of  ammonium-sulphite  on  disulphisatyde  (iii.  412). 

Syn.  with  Disvlfhibattdb. 

See  SuLPHUB,  Oxtgen-acids  of. 

IP       )  ^     ) 

XAMXO  ACXB,  C'H'NSO*  -  (C'H'SO*)"  V^.  -    ^^/'^*y^     o«- 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cvi.  27;  Jahresb.  1858,  p.  275. -Engel- 
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Ethwlie  Sulpkohemamate,  or  Sulpkobenzamie  Eiher,  (TH^O-H-JJisa*, 
is  obtauiad  bj  pMsing  hjdroehlarie  acid  gas  into  the  aloobolie  sc^vtioa  of  the  add; 
bj  deeompofiing  the  ailTeivmlt  with  ethylic  iodide ;  or  b}r  fmdng  the  aleoboGe  sohi* 
tioD  of  smpbobeiizoic  chloride  with  ammonia-gas.  It  orTvtallises  in  splendid  shining 
needles,  which,  accordtng  to  Kefentein,  are  monodinie  jinsins,  obP  .  acPao  .  oP .  — ^P, 
having  their  axes  in  the  ratio  of  1  :  2  :  4.  When  cantiouslj  heated,  it  melts  withoot 
decomposition,  and  solidifies  in  the  crystalline  state  on  ooolmg;  at  a  higher  tempcn- 
tore  it  gives  oflT  white  fhmes,  and  bums  with  a  blight  flaaM.  It  disaolrea  eaailj  in 
warm  alcohol  or  ether,  somewhat  less  easily  in  boiling  water.  Strong  cmatie  potash 
dissolves  it,  at  ordinary  temperatnres,  without  erolution  of  ammonia;  at  100^  with 
formation  of  alcohul  and  potassic  snlphobenzamate ;  at  higher  temperatmes  also  with 
evolution  of  ammonia.  It  does  not  dissolve  mercuric  oxide,  and  only  a  small  qnantitj 
of  silver-oxide.     (Limpricht  and  Uslar.) 

L      C'fl«N«SO»    «    (^^^*^/|n»     -        (60)-l^ 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  di.  239;  cvi.  27.— Jahrasb.  1857,  p.  3^; 
1858,  p.  275.) — Obtained  by  treating  sulphobenzoic  chloride  with  strong  aqueous 
ammonia.  The  product,  washed  with  water,  dried,  and  reaystallised  from  absolute 
alcohol,  with  addition  of  animal  charcoal,  yields  anhydrous  snlphobenaamide ;  if 
aqueous  alcohol  be  used,  a  mixture  of  the  anhydrous  amide  and  a  hydrate  containing 
1  at  water  is  obtained. 

Sulphobenzamide  dissolves  readily  in  hot  water  and  hot  alcohoL  The  hydrate^ 
which  crystallises  in  needles,  gives  c^its  water  at  100^;  at  170^  the  compound  fnses, 
and  between  270°  and  290^  it  slowly  decomposes,  but  without  formation  of  sulphoben- 
zimide. — ^When  treated  withnoto«A,  it  gives  off  ammonia,  and  is  converted  into  salph<>> 
benzamic  acid  (p.  485). — ^mth  pentacalaride  of  photplwrua  at  100^,  it  deeompoeei^ 
according  to  the  equation  : 

c^»N*so«  +  pa»  -  c^«N«so«.Ha  +  poa«  +  na; 

forming  a  yellow  syrup,  which  is  further  decomposed  during  the  distillAtion,  yielding 
phosphoric  oxychloride  and  chlorobensonitrile.  The  compound  C'H*N*So*.Hdl 
dissolves  in  ether  and  in  alcohol,  but  does  not  crystallise  therefrom ;  with  water  or 
ammonia,  however,  it  yields  the  crystalli^able  compound  C'H'N'SO',  which  dissolves 
in  potash,  and  by  prolonged  heating  therewith  is  converted  into  sulphobenakmic  acid. 

SmbFSOBSWKAMZXJOIB.  DiphmyUtdphohenzoTnide,  C*H*(C«H»)*SO»,  is 
produced  by  mixing  sulphobenzoic  chloride  with  aniline.  When  oystalL'sed  from 
alcohol,  with  aid  of  animal  charcoal,  it  forms  small  white  fusible  crystals,  easily 
soluble  in  alcohol  and  ether,  slightly  soluble  in  cold  water,  decomposed  by  hot  potash- 
ley  with  separation  of  aniline. 


L  C»»H»»SO«.  (Mitscherlicb,  Pogg.  Ann.  xxxi.  628.— 
Freund,  Ann.  Ch.  Pharm.  cxx.  76. — Otto,  ibid,  cxxxv.  154.)--A  compound  formed, 
together  with  phenylsulphurous  acid,  by  the  action  of  sulphuric  anhydride  on  bensol. 
On  treating  the  thick  liquid  product  with  a  large  quantity  of  water,  the  sulphobenride 
separates  in  the  cryBtalline  form,  while  the  phenylsulphurous  acid  remains  »  solution. 
The  sulphobenzide  ma^  be  purified  by  crystallisation  from  ether,  or  by  distillation 
(MitHcnorlich).  It  is  also  produced,  together  with  benzol,  by  distilling  aqueous 
phenvlsulphurous  acid,  and  crystallises  in  t^e  receiver.    (Freund.) 

Sulphobenzide  crystallises  from  alcohol  in  rhombic  plates.  It  melts  at  100^ 
(Mitscherlicb),  at  128^  (Freund),  at  128«>—1290  (Otto),  and  boils  at  a  much 
higher  temperature.  It  dissolves  in  alcohol  and  in  ether,  is  insoluble  in  alkalis,  but 
dissolves  in  acids,  and  is  precipitated  therefrom  by  water.  Strong  stdpkuric  acid 
dissolves  it  when  heated,  and  converts  it  into  phenylsulphurous  add.  Chlorins 
converts  it,  at  the  boiling  heat,  into  trichlorobenzol  (Mitscherlicb). — ^WithMii^a- 
chloride  of  phosphorus  it  forms  monochlorobenzol,  chloride  of  sulpfaophenylTand 
trichloride  of  phosphorus  (Otto)  : 

C"H«»SO«  +  PC1»  -  <>H»C1  +  C«H«SOKa  +  PC1«. 

■IFI*H0BBWM1>10  AOZB.    Syn.  with  Phkntlsulphurous  Acm. 


un^Mommanoia  aozb. 


(C'n«0)" 


C'H«SO»  -  CH-O^SO"  -  (^'^*^9!J[o« 


J}..  <„...„„...«.  ^.^.,...„.„^<.,_ 
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zzvii.  322.— Limprieht  and  VtHt,  Oid.  cii.  230;  cri  27.— Kefemtein,  ibid, 
cri.  385. ) — ^This  add  is  produced : — 1.  Bj  passing  the  vapour  of  sulphuric  anhydride 
into  benzoic  acid,  or  by  mixing  1  pt.  of  the  anhydride  with  2  pta.  benzoic  acid.  The 
mass  is  treated  with  water,  which  dissolves  sulphuric  and  sulphobenzoic  acids,  leaving 
the  excess  of  benzoic  acid  undissolved ;  the  solution  is  saturated  with  carbonate  of 
barium  ;  and  the  filtered  solution  is  mixed,  while  still  warm,  with  a  quantity  of  hydro- 
chloric acid  sufficient  to  combine  with  half  the  bar}*ta  in  solution.  Acid  sulphobenzoate 
of  barium  then  separates  on  cooling,  and  on  decomposing  the  solution  of  this  salt  with 
the  exact  quantity  of  sulphuric  acid  reqiiired  to  precipitate  the  barium,  and  evaporating 
the  filtered  solution  till  it  no  longer  lK>il8  at  160°,  the  sulphobenzoic  acid  separates 
on  cooling  as  a  crystalline  mass. 

2.  By  the  action  of  sulphuric  acid  on  benzonitrile,  disulphobenzolic  add  being  formed 
at  the  same  time : 

C'H»N  +  HK)  +   2H«S0*     -     C'H«SO»  +  (NH<.H)SO<. 

Bento*  Sulpbo- 

iMnioic 
acid. 

C'H*N  +   SH^SO*     «     C«H«SK)«  +   (NH<.H)SO«  +   C0«. 

Bento*  DUulpho- 

nltrile.  beosoHc 

acid. 

On  neutralising  the  product  of  the  reaction  with  carbonate  of  barium,  evaporating, 
redissolving  in  water,  and  adding  alcohol  by  separate  portions,  sulphobenzoate  of 
barium  crystallises  out  first,  and  afterwards  the  disulphobenzolate.  (Buck ton  and 
Hofmann,  Chem.  Soc.  Qu.  J.  ix.  255.) 

3.  By  the  action  of  water  on  sulphobenzoic  chloride : 

C'H*S0«C1«  +   2H«0  -  C'H«SO»  +  2HCL 

Sulphobenzoic  acid  forms  a  solid  crystalline  mass,  which  may  be  heat<Hl  to  160° 
without  decomposition :  it  deliquesces  gradually  in  damp  air,  but  recovers  its  solid 
form  in  a  dry  atmosphere.  It  is  not  altered  by  boiling  with  acids  or  alkalis,  but  on 
fusing  it  with  solid  potash^  the  sulphur  is  converted,  partly  into  sulphuric,  partly  into 
sulphurous  acid. — By  a  mixture  of  2  pts.  oil  of  \itriol  and  1  pt.  nitric  acid,  it  is  con- 
ve!ted  into  nitrosulphobenzoic  acid,  C'H*(NO*)SO*. — With  2  at.  pentachloride  of  phos- 
phorus, it  forms  sulphobenzoic  chloride : 

C'H«so»  +  2Pa»  -  C'H^so»a«  +  2Poa»  +  2Ha. 

With  1  at  of  the  pentachloride,  the  product  is  sulphobenzoic  dilorhydrate : 

C'H«SO»  +  Pa»  -  C'H«SO«|^Q   +  P0C1«  +  HCL 

Sulphobenzoates. — Sulphobenzoic  acid  is  dibasic,  forming  acid  and  neutral 
salts,  the  former  being  for  the  most  part  lees  soluble  than  the  latter. — The  neutrtU 
barium-salt^  C'lI*Ba"SW,  obtained  by  boiling  the  solution  of  the  acid  salt  with 
barium-carV)ouate,  forms  indistinct  crystals,  very  soluble  in  water,  and  bearing  without 
decomposition  a  temp^^rature  as  high  as  that  of  boiling  oil. — ^The  acid  barium-salt ^ 
C'H*Ba"S0*.Cai«S0*.3H«0,  prepared  as  above  descrit^  crystallises  in  monoclinic 
prisms:  oP  .  ooP .  ooPoo,  with  the  angles  oP  :  ooP  -  98**6';  ooP  :  ooP  «  82°  21 
(Fehling).  The  crystals  give  oflf  their  water  at  200%  dissolve  in  20  pts.  water  at 
20°,  and  have  an  acid  reaction.— The  lead-salt,  C'H<Pb"S0*.2H''0,  is  obtained  in 
solution  by  boiling  the  acid  with  excess  of  lead-carbonate,  and  separates  on  cooling  in 
stellate  groups  of  slender  needles.  Gives  off  its  water  at  200°. — The  neutral  potas- 
sium-sa/t,  C^H*K'SO^  forms  beautiful  deliquescent  crystals :  the  acid  salt  is  efflores- 
cent.—The  silver-salt f  C'H*A^O*.HK),  crystallises  in  a  vacuum  in  small  yellowish 
frisms,  which  dissolve  easily  in  water,  and  give  off  1  at.  water  when  dried.  (Peh- 
ing.) 

The  add  sulphobenzoates  of  magnesium  and  zinc,  also  the  acid  ferrous,  cobaltous, 
and  cupric  salts,  form  beautiful  crystals.    (Mitscherlich.) 

Derivatives  of  Sulphobenzoic  Acid. 

mtrosul^hobengoio  Acid,  C'H»(NO«)SO*.  (Limprieht  and  UsUr.)— Pre- 
pared by  adding  sulphobenzoic  or  sulphobenzamic  add  to  a  cold  mixture  of  strona 
nitric  and  sulphuric  acids,  diluting  with  water  after  some  time,  ueutralising  with 
carbonate  of  barium,  and  decomposing  the  resulting  barium-salt  with  sulphuric  acid. 
It  crystallises  from  a  concentrated  solution  in  well-defined  crystals. — -The  neutral 
hartum-saU,  C'H'Ba"(KO')SO*,  forms  easily  soluble,  nodular,  mostly  yellowish 
crystals,  containing  3   or  f  at.  water.— The  acid  barium-sail,  C'H"Ba''(«0")80». 
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Ethfflic  Sulphobeneamate,  op  Sulphobeneamic  Ether,  C'H*(C»H»)NSO*, 
is  obtainod  by  passing  hydrochloric  acid  ^  into  the  alcoholic  solution  of  the  acid ; 
by  decomposing  the  silyer-salt  with  ethyhc  iodide ;  or  by  treating  the  alcoholic  solu- 
tion of  sulphol^nzoic  chloride  with  ammonia-gas.  It  orystallises  in  splendid  shining 
needles,  which,  according  to  Keferstein,  are  monoclinic  prisms,  ooP  .  ooPoo  .  oP .  — r, 
having  their  axes  in  the  ratio  of  1  :  2  :  4.  When  cautiously  heated,  it  melts  without 
decomposition,  and  solidifies  in  the  crystalline  state  on  oooling;  at  a  higher  tempera- 
ture it  gives  off  white  fumes,  and  bums  with  a  bright  flame.  It  dissolves  easily  in 
warm  alcohol  or  ether,  somewhat  less  easily  in  boiling  water.  Strong  eauetic  pcytaah 
dissolves  it,  at  ordinary  temperatures,  without  evolution  of  ammonia;  at  100^  with 
formation  of  alcohul  and  potassic  sulphobenzamate ;  at  higher  temperatures  also  with 
evolution  of  ammonia.  It  does  not  dissolve  mercuric  oxide,  and  only  a  small  quantity 
of  silver-oxide.     (Limpricht  and  Uslur.) 

(CH'orjjp 


C'H-N'SO.   =    (C'H.SO.)'jjp     -^^(^Rn 


(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cii.  239;  cvi.  27.— Jahreab.  1857,  p.  336; 
1858,  p.  275.) — Obtained  by  treating  sulphobenzoic  chloride  with  strong  aqueous 
ammonia.  The  product,  washed  with  water,  dried,  and  recrystallised  from  absolute 
alcohol,  with  addition  of  animal  charcoal,  yields  anhydrous  sulphobeujuunide ;  if 
aqueous  alcohol  be  used,  a  mixture  of  the  anhydroui^  amide  and  a  hydrate  containing 
1  at  water  is  obtained. 

Sulphobenzamide  dissolves  readily  in  hot  water  and  hot  alcohol.  The  hydrate^ 
which  crystallises  in  needles,  gives  off  its  water  at  100^ ;  at  170°  the  compound  fuses, 
and  between  270°  and  290^  it  slowly  decomposes,  but  without  formation  of  sulphoben- 
Eimide. — ^When  treated  with  potask,  it  ffives  off  ammonia,  and  is  converted  into  sulpho- 
benzamic  acid  (p.  485^. — With  peiuachloride  of  phosphorus  at  100°,  it  decomposes, 
according  to  the  equation  : 

CH'N'so*  +  pci»  -  crH«N«so».Ha  +  poa»  +  Ha; 

forming  a  yellow  syrup,  which  is  further  decomposed  during  the  distillation,  yieldinff 

Shosphoric  oxychloriae  and  chlorobensonitrile.  The  compound  C'H*N*S0*.HC1 
issoives  in  ether  and  in  alcohol,  but  docs  not  crystallise  therefrom ;  with  water  or 
ammonia,  however,  it  yields  the  crystallisable  compound  C*H*N*SO*,  which  dissolves 
in  potash,  and  by  prolonged  heating  therewith  is  converted  into  sulphobeuzamic  acid. 

mUKWWOnmMZAMTLXnWL  Diphenyhulphobmsamide,  CTE[«(C«H»)«SO«.  is 
produced  by  mixing  sulphobenzoic  chloride  with  aniline.  When  crystallised  from 
alcohol,  with  aid  of  animal  charcoal,  it  forms  small  white  fusible  crystals,  easily 
soluble  in  alcohol  and  ether,  slightly  soluble  in  cold  water,  decomposed  by  hot  potash- 
ley  with  separation  of  aniline. 


I.  C»»fl'»SO«.  (Mitscherlich,  Pogg.  Ann.  xxxi.  628.— 
Freund,  Ann.  Ch.  Pharm.  cxx.  76.— Otto,  ibid,  cxxxv.  154.)--A  compound  formed, 
together  with  phenylsulphurous  add,  by  the  action  of  sulphuric  anhydride  on  bensol. 
On  treating  the  thick  liquid  product  with  a  laige  quantity  of  water,  the  sulphobenzide 
separates  in  the  crystalline  form,  while  the  phenylsulphurous  acid  remains  m  solution. 
The  sulphobenzide  ma^  be  purified  by  ciystallisation  from  ether,  or  by  distillation 
(Mitscherlich).  It  is  also  produced,  together  with  benzol,  by  disdlhng  aqueous 
phenvlsulphurous  acid,  and  crystallises  in  ^e  receiver.    (Freund.) 

Sulphobenzide  crystallises  from  alcohol  in  rhombic  plates.  It  melts  at  100® 
(Mitscherlich),  at  128°  (Freund),  at  128°— 129°  (Otto),  and  boils  at  a  much 
higher  temperature.  It  dissolves  in  alcohol  and  in  ether,  is  insoluble  in  alkalis,  but 
dissolves  in  acids,  and  is  precipitated  therefrom  by  water.  Strong  sulphuric  acid 
dissolves  it  when  heated,  and  converts  it  into  phenylsulphurous  add.  Chlorine 
converts  it,  at  the  boiling  heat,  into  trichlorobenzol  (Mitscherlich). — Wiihpenta- 
chloride  of  phosphorus  it  forms  monochlorobenzol,  chiwide  of  sulphophenylTand 
trichloride  of  phosphorus  (Otto): 

C»«H"SO«  +  Pa»  -  C«H»C1  +  C«H«S0«C1  +  PCI*. 
SVXiPSOBavZZBZO  AOZB.    Syn.  with  Phbntlsulphubous  Acm. 


ZO  AOZB. 


(C'H'oy 

(SO)" 
H« 


CH'so*  -  c^H«o«.so»  =  (^*^*s^!)^{o"    - 

\ 

>0«.    (Mitscherlich,  Pogg.  Ann.  xxxi.  287.— Fehling,  Ann.  Ch.  Pharm. 
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zxvii.  322.— Limprieht  and  UiUr,  ihid,  cii.  230;  cri  27.— Kefer»tein,  ibid. 
cvi.  385. ) — ^This  acid  is  produced : — 1.  By  paasing  the  vapour  of  sulphuric  anhydride 
into  benzoic  acid,  or  by  mizinff  1  pt.  of  Uie  anhydride  with  2  pta.  benzoic  acid.  The 
mass  is  treated  with  water,  wnich  dissolves  sulphuric  and  sulphobenzoic  acids,  leaving 
the  excess  of  benzoic  acid  undissolved;  the  solution  is  saturated  with  carbonate  of 
barium  ;  and  the  filtered  solution  is  mixed,  while  still  warm,  with  a  quantity  of  hydro- 
chloric acid  sufficient  to  combine  with  half  the  bar}'ta  in  solution.  Acid  sulphobenzoate 
of  barium  then  separates  on  cooling,  and  on  decomposing  the  solution  of  tbis  salt  with 
the  exact  Quantity  of  sulphuric  acid  required  to  precipitate  the  barium,  and  evaporating 
the  filtered  solution  till  it  no  longer  boils  at  160^,  the  sulphobenzoic  add  separates 
on  cooling  as  a  crystalline  mass. 

2.  By  the  action  of  sulphuric  acid  on  benzonitrile,  disulphobenzolic  acid  being  formed 
at  the  tame  time : 

C'H»N  +  HK)  +  2H«S0*     «     C'H«SO»  +  {NH^H)SO«. 

Benso*  Suipbo* 

beoiolc 
acid. 

C'H»N  +   3H«S0«     -     C'H'SW  +  (NH*.H)SO*  +   C0». 

Benso-  Ditulpho- 

nltrile.  bensoHc 

add. 

On  neutralising  the  product  of  the  reaction  with  carbonate  of  barium,  evaporating, 
redissolving  in  water,  and  adding  alcohol  by  separate  portions,  sulphobenzoate  of 
barium  crystallises  out  first,  and  afterwards  the  disulphobenzolate.  (Buckton  and 
Hofroann,  Chem.  Soc  Qu.  J.  ix.  255.) 

3.  By  the  action  of  water  on  sulphobenzoic  chloride : 

C'H^S0»C1«  +  2H«0  -  C'H«SO*  +  2HCL 

Sulphobenzoic  acid  forms  a  solid  crystalline  mass,  which  may  be  heated  to  160® 
without  decomposition :  it  deliquesces  gradually  in  damp  air,  but  recovers  its  solid 
form  in  a  dry  atmosphere.  It  is  not  altered  by  boiling  with  acids  or  alkalis,  but  on 
fusing  it  with  solid  potash,  the  sulphur  is  converted,  partly  into  sulphuric,  partly  into 
sulphurous  acid. — By  a  mixture  of  2  pts.  oil  of  x-itriol  and  1  pt.  nitric  acid,  it  is  con- 
verted into  nitrosulphobenzoic  acid,  C'fl*(NO')SO*. — ^With  2  at  pentachloride  of  phos- 
phorus, it  forms  sulphobenzoic  chloride : 

C-H-SO*  +   2Pa»  -  C'H<SO»a*   +   2P0C1«  +  2HC1. 
With  1  at  of  the  pentachloride,  the  product  is  sulphobenzoic  chlorhydrate : 

(rH«SO»  +  PC1»  -  C'H*SO«|^Q   +  POa»  +  HCL 

Sulphobenzoates. — Sulphobenzoic  acid  is  dibasic,  forming  acid  and  neutral 
salts,  the  former  being  for  the  most  part  less  soluble  than  the  latter. — The  neutral 
harium-salt,  C'H*Ba"S'0*,  obtained  by  boiling  the  solution  of  the  acid  salt  with 
biurium-carbonatc,  forms  indistinct  crystals,  very  soluble  in  water,  and  bearing  without 
decomposition  a  temperature  as  high  as  that  of  boiling  oil. — ^The  acid  barium-salt, 
C^H*Ba"S0*.C'lI*S0*.3lI*0,  prepared  as  above  described,  crystallises  in  monoclinic 
prisms:  oP  .  ooP  .  ooPoo,  with  the  angles  oP  :  odP  «  98®6';  ooP  :  ooP  «  82°  21 
(Fchling).  The  crystals  give  off  their  water  at  200 ^  dissolve  in  20  pts.  water  at 
20°,  and  have  an  acid  reaction.— The  lead-salt,  CH^Ph'SO*. 2H'0,  is  obtained  in 
solution  by  boiling  the  acid  with  excess  of  lead-carbonate,  and  separates  on  cooling  in 
stellate  groups  of  slender  needles.  Gives  off  ita  water  at  200®. — The  neutral  potas- 
sium-sa/t,  C'H*K'SO*,  forms  beautiful  deliquescent  crystals :  the  acid  salt  is  efflores- 
cent—The silver-salt,  C'H*A^SO*.H*0,  crystallises  in  a  vacuum  in  smaU  yellowish 
rrisms,  which  dissolve  easily  in  water,  and  give  off  1  at.  water  when  dried.    (Peh- 

The  acid  sulphobenzoates  of  magnesium  and  zinc,  also  the  acid  feirouB,  cobaltous, 
and  cupric  salts,  form  beautiful  crystals.    (Mitscherlich.) 

Derivatives  of  Sulphobenzoic  Acid, 

Nitrosulphobenzoic  Acid,  C'H*(NO«)SO*.  (Limpricht  and  Uslar.)— Pre- 
pared by  adding  sulphobenzoic  or  sulphobenzamic  acid  to  a  cold  mixture  of  strouff 
nitric  and  sulphuric  acids,  diluting;  with  water  after  some  time,  neutralising  with 
carbonate  of  barium,  and  decomposing  the  resulting  barium-salt  with  sulphuric  acid. 
It  crystallises  from  a  concentrated  solution  in  well-defined  crystals. — The  neutral 
barium'SdU,  C'H*Ba"(KO')SO*,  forms  easily  soluble,  nodular,  mostly  yellowish 
crystals,  containing  3  or  {  at.  water.— The  acid  barium-salt,  C'H*Ba''(!NO')SO*. 
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C'H*(NO')SO^  ciTstallises  in  small,  limpid,  radinting  prisms,  containinff  4  at.  irater. 
— The  sUifer-saltt  obtained  by  boiling  the  acid  with  silver-oxide,  crystalSBes  in  small 
nodules,  easily  soluble  in  water,  insoluble  in  alcohol. 

^««tio«u/^Aodf«zo»c^ctrf,  C'HrNSO*  =  C'H*(NH«)Sa»,  produced  by  continued 
digestion  of  nitrosulphobenzoic  acid  with  aqueous  sulphide  of  ammonium,  separates, 
on  supersaturating  tne  concentrated  filtrate  with  hydrochloric  acid,  in  white  con- 
centrically-grouped needles,  having  an  add  reaction,  easily  soluble  in  hot  wat«r,  leas 
soluble  in  alcohol,  nearly  insoluble  in  ether.  When  heated,  it  chars  without  previona 
fusion.  It  dissolves  easily  in  ammonia,  and  the  solution  forms,  with  nitrate  of 
silver,  a  white  precipitate,  which  turns  black  on  boiling.  Amidosulphobenxoic  acid 
does  not  appear  to  unite  with  other  acids,  at  least  not  wim  hydrochloric  acid.  (Lim  - 
pricht  and  Uslar.) 

SVXiPBOBBSrZOZC  OBXiOXBTBRATB.     C'H''C1S0<   -   CH^SO^J^q    » 

(SO)"  >^,.  Ctdorwassersioff'Sulfoheneocaaure. — This  compound,  analogous  to  Wil- 
liamson's sulphuric  chlorhydrate,  SO'.Cl.HO,  is  obtained : — 1.  By  heating  1  at.  aul- 
phobenzoic  acid  with  1  at  pentachloride  of  phosphorus,  till  the  greater  part  of  the 
phosphoric  oxychloride  has  distilled  off,  and  adding  water  to  the  residue  to  dissolve 
out  hydrochloric  and  phosphoric  acids. — 2.  By  leaving  sulphobeuzoic  chlonda  in 
contact  with  water  for  several  weeks : 

C'H«CPSO»  +  H»0     -     C'H*C1S0«  +  HCl. 

It  is  a  white  crystalline  powder,  soluble  in  ether,  decomposed  by  alcohol  and  by 
boiling  water,  insoluble  in  cold  water.  It  melts  very  easily,  and  decomposes  at  a 
higher  temperature.  By  boiling  water  and  by  alkalis  it  is  converted  into  sulphobeu- 
zoic acid.     (Limpricht  and  Uslar.) 


8ir&PBOBBWXOZC  CB&OBZBB. 


C'H^S0»C1«  -  (^^^'9)"!  ^'.-Prepared  like 


the  preceding,  but  with  2  at.  phosphoric  pentachloride  to  1  at.  sulphobeuzoic  acid  dried 
at  100°.  It  is  a  yellowish-brown,  viscid,  oily  liquid,  having  a  faint  unpleasant  odour, 
heavier  than  water,  and  very  slowly  decomposed  thereby.  Boiling  water  dissolves  it 
more  quickly,  forming  hydrochloric  and  sulphubenzoic  acids. — Alkalis  decompose  it  in 
a  similar  manner.  When  heated  to  300^  it  decomposes  with  strung  intumescence,  giving 
off  chloride  of  chlorobenzoyl  (i.  567),  and  leading  a  carbonaceous  mass. — Ala)hol  dissolves 
it,  with  great  rise  of  temperature  and  formation  of  ethylic  sulphobenzoate.  Anhydrcras 
ether  appears  to  dissolve  it  without  decumposition. — Aqueous  ammonia  converts  it 
into  s^-ammoniac  and  salphobenzamide :  the  latter  is  also  formed  by  passing 
ammonia-gas  into  the  ethereal  solution  of  the  chloride. — With  aniline  it  forms  snlpho- 
benzanilide  and  hydrochlorate  of  aniline.  Alcohol  saturated  with  ammonia,  dissolves 
it  with  great  rise  of  temperature,  forming  etbylsulphobenzoic  acid.  (Limpricht 
and  Uslar.) 

BTTLFBOBBKXOZO  BTBBB8.  The  only  ones  known  are  the  acid  and  neutnd 
ethylic  ethers. 

Ethylic  Sulphobenzoate,  C"H'*SO»  -  C'H\C«H»)*SO».  (Limpricht  and 
Uslar,  Ann.  Ch.  Fharm.  cii.  252.) — Absolute  alcohol  becomes  strongly  heated  in 
contact  with  sulphobeuzoic  chloride;  hydrochloric  acid  and  chloride  of  ethyl  are 
given  off;  and  on  evaporating  the  liquid  over  the  water-bath,  ethylic  sulphobenzoate 
remains  in  the  form  of  a  syrupy  residue  baring  a  faint  ethereal  odour.  It  dissolves  in 
water  in  all  proportions,  and  cannot  therefore  be  purified,  like  most  compound  ethers, 
by  washing  with  water.  On  heating  the  aqueous  solution,  the  ether  is  resolved  into 
alcohol  and  sulphobenzoic  acid.  It  cannot  be  distilled  without  decomposition ;  when 
heated  in  a  retort,  it  leaves  a  large  quantity  of  charcoal ;  swells  up  considerably,  and 
yields  a  small  quantity  of  distillate  having  a  disagreeable  odour.  Treated  with  gaseous 
or  aqueous  ammonia,  it  yields  ethylsulphobenzoate  of  ammonium. 

EthyUulphobeneoic  Acid,  C»H'»SO*  =  C'H*(C^H*)SO».  (Limpricht  and 
Uslar,  loc.  cit.) — Produced  in  the  form  of  an  ammonium-salt,  by  dissolring  sulphobenaoie 
chloride  in  alcoholic  ammonia,  or  by  dissolving  sulphobenzoic  ether  in  alcohol,  and 
passing  ammonia  through  the  solution.  On  evaporating  the  liquid,  the  ammonium- 
salt  is  obtained  in  crystals  ;  and  by  dissolving  these  in  water,  precipitating  the  ammonia 
with  platinic  chloride,  removing  the  excess  of  platinum  by  sulphuretted  hydrogen,  and 
evaporating  the  filtrate  at  the  heat  of  the  water-bath,  etbylsulphobenzoic  acid  is 
obtained,  in  the  form  of  a  yellowish  syrup,  which  does  not  show  any  signs  of  crystalli- 
sation, even  after  standing  for  several  days.  The  acid  appears,  however,  to  be  crys- 
tallisuble,  but  difiicult  tu  obtain  in  the  cr^'stalline  form,  on  account  of  its  pronencss  to 
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Bulphocampboric  acid  cryetallisee  in  six-Bided  prisms,  colourless,  very  bitter,  rerj 
Bolub^  in  water,  alcohol,  and  ether.  The  crystals  contain  2  at.  water,  which  thejgiTe 
off  in  a  vacnum.  The  acid  melts  between  160°  and  165°,  and  decompoees  at  a  higher 
temperature.  It  dissolres  slowly  in  cold,  quickly  in  boiling  nitric  add,  without  alter- 
ation or  erolution  of  red  fhmes.  Strong  solpharic  add  disaolTes  and  nltimat^y 
chars  it. 

Sulpho^amphonc  add  is  dibasic,  its  neutral  salts  being  represented  by  the  formula 
C»H'«M«SO«.— The  ammonium-aaJt,  C»H'\NH*)«SOMI«0,  forms  stellate  groups  of 
cryRtalf),  which  are  yerj  soluble  in  water,  and  redden  litmus. — The  potasHum-MiU, 
CH'^K^O*,  crystallises  by  evaporation  in  Tery  fine  needles,  haying  a  cooling  styptie 
taste.  It  is  neutral  to  test-papers,  rery  soluble  in  water,  slightly  soluble  in  alconoL 
Sometimes  cauliflower-heads  of  crystals  are  obtained,  apparently  consisting  of  an  add 
salt. — The  barium-salt^  C*H'*Ba''SO*,  forms  a  colourless  or  slightly  jeSaw  gnmmj 
mass,  which  faintly  reddens  litmus-paper,  is  yery  soluble  in  water,  sughtlj  soluble  in 
alcohoL — A  bario^upric  salt,  C'"H*™,"Cu''SK)",  is  obtained  by  precipitating  a  odd 
solution  of  the  barium-salt  with  cupric  sulphate. — ^The  lead-salt,  U'H'^Pb'BO*,  is 
an  amorphous  mass,  haying  a  sweet  taste,  soluble  in  water,  insolnble  in  alooh<d,  red- 
dening  litmus-paper. — The  silver-salt,  CH'^Ag^O*,  is  obtained,  by  satorating  the  add 
with  silyer-oxide  and  eyaporating,  in  crystalline  cmsts,  soluble  in  water,  slightly 
soluble  in  cold,  somewhat  more  in  hot  alcohol :  this  salt  likewise  reddens  litmus. 

SmUPKOOAVKTXiXO  ACZB.  Syn.  with  Octtlsulphubic  Acid.  (See  SuL- 
FEUBio  Ethebs.) 

SirXiPBOCASBAKXO   AOIB.    CH'NS*  «  (CS/'Vg.       (Zeise,    Ann.    Ch. 

Pharm.  xlyiii.  95 — Debus,  ilnd.  Izxiii.  26.)— The  sulphur-analogue  of  carbamic  add 
(i.  749).  Its  ammonium-salt,  CH*(NH^)NS',  is  produced: — 1.  By  direct  combination 
of  ammonia  with  carbonic  disulphide :  CS*  +  2NH*  =»  CH*N*'^.  When  a  mixture  of 
1  vol.  absolute  alcohol  saturated  with  ammonia-gas  and  a  solution  of  0*16  yol. 
carbonic  disulphide  in  0*4  yol.  alcohol,  is  exposed  in  a  dosed  flask  to  a  temperature  of 
15^,  it  gradually  turns  brown,  and  deposits  plumose  crystals  of  ammonium-trisulpho- 
carbonate,  afterwards  lareer  and  more  shining  prismatic  crystals  of  the  sulphocarba- 
mate.  The  liquid,  after  it  has  ceased  to  deposit  crystals,  yields  a  fuither  quantity  of 
the  sulphocarbamate  by  distillation. 

2.  By  the  decomposition  of  ammonium-trisulphocarbonate : 

ff'A^  -  fivjs  +  H's. 

To  effect  this  transformation,  the  trisulphocarbonate  is  enclosed  for  80  or  40  hours 
with  alcohol  in  a  well-dosed  flask. 

Sulphocarbamic  add  is  obtained  in  the  free  state  by  decomposing  the  ammonium- 
salt  with  dilute  sulphuric  or  hydrochloric  acid.  It  then  separates  as  a  colourless  or 
reddish  oil,  heayier  than  water,  and  haying  a  peculiar  odour,  somewhat  like  that  of 
sulphydric  acid.  It  is  somewhat  unstable,  being  gradually  resolyed  into  sulphoc^anic 
and  sulphydric  adds ;  in  presence  of  water,  it  also  yields  cyanic  add  or  its  products  of 
decomposition : 

CH«NS«     -     CHNS  +  E}8. 

Sulphocar-  Sulphocjr- 

bamic  acid.  anic  acid. 

CH«NS«  +  H«0     «     CHNO  +   2BPa 

Cyanic 
add. 

Metallic  Sulphocarbaroates. — Sulphocarbamic  acid  is  monobasic;  it  decom- 
poses carbonates  with  effen^escence.  Its  salts  are  easily  resolyed,  especially  by  heat 
or  by  the  action  of  alkalis,  into  sulphydric  add,  sulphocyanic  acid,  and  metallic 
sulphide : 

2H«(C8)"MSN  =  2(CS)"HN  +  H«S   +  M*S. 
Salpbocar-  Sulphocvanlc  i 

bamate.  acid. 

Sulphocarbamats  of  Ammonium,  CH'(NH^N)S*,  crystallises  in  long  lemon- 
yellow  prisms,  easily  soluble  in  water,  less  soluble  in  alcohoL  Exposed  to  moist  air 
it  deliquesces,  and  is  converted  into  a  liquid,  consisting  almost  entirely  of  ammonium- 
sulphydrate.    Heated  with  potash,  it  yields  sulphocyaoate  and  sulphide  of  potassium, 
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together  with  water  and  ammonia.  ChiortM^  hromine,  and  iodine  oonyert  it  into 
hydranzotin  or  ralphooarbammonium-sulphide  (iii.  178) : 

2CIP(NH«)NS«  +  Cl»     -     2NH*a  +  C»H*N«S*. 
AmmoQlom-raU  Hjdraniotin. 

pboearbamalc 

The  same  transformation  is  effected  by  ferric  salts  mixed  with  excess  of  snlphnric  or 
hydrochloric  acid. 

Cuprous  Sulpkocarbamatef  CH'Ca'NS',  is  a  yellow  powder,  insoluble  in  water 
and  in  ^cohol.— ^e  lfad-$alt,  C*H*Pb"N'S*,  is  precipitated  by  neutral  lead-acetate 
from  the  solution  of  the  ammoninm-salt,  in  white  flocks,  which  turn  red  on  drying  and 
blacken  when  boiled  with  water. — The  Hncsaltf  C*H*ZnrS*8*,  is  a  white  pulverulent 
precipitate. 

A  solution  of  ammonium-sulphocarbamate  is  not  precipitated  by  calcium-  or  barium- 
salts.  It  forms  a  yellowish-ereen  precipitate  with  nickel-sulphate^  white  with  mercuric 
chloride^  yellowish-brown  with  platinio  chloride ;  with  a  dilute  solution  of  silver-nitrate 
a  yellow  precipitate,  which  soon  turns  black.  A  mixture  of  the  concentrated  solutions 
of  ammonium-sulphocarbamate  and  ehromie  sulphate  deposits,  after  a  while,  a  small 
quantity  of  colourless  needles  containing  chromium  and  sulphur;  and  the  mother^ 
liquor,  after  some  hours,  deposits  a  blue  substance. 

WFXJMOOAHBAMTO  STBXR8.  Sulphocarbamic  acid,  like  other  amic  acids, 
may  give  rise  to  two  isomeric  groups  of  ethers,  according  as  an  atom  of  hydrogen 

H   l» 

belonging  to  the  ammonia-type  or  to  the  water-type  in  the  formula,  /ngy  S     >  is  replaced 

H    r 
by  an  alcohol-radicle,  the  relation  between  the  two  groups  being  the  same  as  that  which 
exists  between  ethylcarbamic  add  and  ethylic  carbamate  (i.  760,  751): 

Ow\^  H   1^ 

H    {"  CTBL'P 

Btbylcarbunle  Ethylic  CAr- 

ackU  bAioate. 

To  the  first-mentioned  group  of  sulphocarbamic  ethers  belong  amylsulphocarbamie 

acid,    (CS/'    >Q  f  and  ita  amylammonium-salt,      (CS)"       >q  ,  the  latter  being  pro- 

H      i^  NH^C»H»)i" 

duced  by  the  action  of  amylamine  on  carbonic  disnlphide,  and  the  amylcarbamic  acid 
separated  from  it  by  hydrochloric  add  (see  Amtlamiubs,  i.  207)  r  a^  allyl-sulphocar- 
bamic  or  sulphosinapic  add  {q»v.). 

Ethers  derived  from  sulphocarbamic  add,  GH'NS*,  by  the  substitution  of  an  alcohol- 
radicle  for  the  hydrogen  of  the  water-type  have  not  yet  been  obtained ;  but  two  com- 
pounds are  known,  which  may  be  derived  in  this  manner  from  the  unknown  oxysul- 
phocarbamic  acid,  CH'NSO,  viz. : 

Ethylic  Oxysulphocarbamate  or  Xanthamide    .        .        .    CH'NSO     -     (08)")-^:. 

H« 

Amylic  Oxysulphocarbamate  or  Xanthamylamide     .        .   C*H"NSO     s=    (CS)" 

C*H' 

SttajUo  Ozjanlpboearbamate  or  JCaatliaiiiidet  C*H^SO.  (Debus,  Ann. 
Ch.  Pharm.  Ixxii.  1 ;  Ixxv.  127 ;  Ixxxii.  253.) — ^This  compound  is  produced: — 1.  By 
the  action  of  ammonia  on  neutral  ethylic  disulphocarbonate  (xanthic  ether): 

Xanthic  Xantha-  Mercaptan. 

6th6r«  nclde. 

2.  By  the  action  of  ammonia  on  ethyldisnlphocarbonic  sulphide  (p.  495) : 

Ethjldisulpho-  Xanthic  Xantha- 

cart)onic  lulphide.  acid.  mide. 
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To  prepare  the  compound  in  considerable  qnantitj,  Debos  ^ndxuJlj  adds  carbo- 
nic disulphide  to  an  alcoholic  solution  of  potash  till  the  liquid  is  completelj  neutra!* 
then  dilutes  it  with  two  volumes  of  water,  and  passes  chlorine  into  it.  The  chlorine 
decomposes  the  xanthate  of  potassium,  forming  chloride  of  potassium  and  ethjldi- 
sulphocarbonic  sulphide,  which,  being  insoluble  in  the  dilute  alcohol,  Calls  to  the 
bottom.  As  this  compound  is  easily  decomposed  by  au  excess  of  chlorine,  it  is  adri- 
sable  to  add  to  the  liquid  a  small  quantity  of  potassium-iodide,  which  will  not  be  decom- 
posed as  long  as  there  is  any  xanthate  present,  but  will  impart  a  brown  colour  to  the 
liquid  as  soon  as  the  whole  of  the  xanthate  is  decomposed.  The  oily  ethyldisolpho- 
carbonic  sulphide  is  then  washed  with  water,  dissolved  in  a  mixture  of  1  pt.  ether  and 
2  pts.  alcohol ;  and  dry  ammonia-gas  is  passed  into  the  solution,  wherebv  it  gradually 
becomes  turb  d,  and  deposits  long  needles  of  sulphur.  The  filtered  liqmd,  evaporated 
in  a  vacuimi,  leaves  a  saline  residue,  consisting  of  ammonium-xanthate  and  xanthamide, 
the  latter  of  which  may  be  dissolved  out  by  ether,  and  remains,  on  evaporation,  ai  a 
yellow  oil,  which  ultimately  crystallises,  and  maybe  obtained  pure  bj  lecrystalliaation 
from  a  small  quantity  of  alcohol. 

Xanthamide  crystallises  by  spontaneous  evaporation  in  monoelinic  priama  or  octa- 
hedrons, often  of  considerable  size.  Dominant  faces,  +Pand  —  P  with  oP.  An^ 
oP  :  -P  =  118° ;  oP  :  +P  =  105°.  The  plane  angles  of  oP  are  nearly  -  90^. 
CleAvage  perfect,  parallel  to  oP.  The  crystals  melt  at  about  369,  dissolve  sparingly  in 
water,  but  are  dissolved  in  all  proportions  by  alcohol  and  ether. 

Xanthamide  is  resolved  by  distillation  into  mercaptan  and  cyanic  acid  (or  at  150% 
cyanuric  acid) : 

CSO.C«H».H»N    -     C'H'S  +  COHN. 

Xai.lhamide.  Mercap-         Cyanic 

tan.  acid. 

When  boiled  with  potash  or  baryta-water,  it  is  resolved  into  alcohol  and  8ulphocyan!e 
acid : 

aso.c«H».H«N   «   cm*o  +  cshn. 

When  nitrous  acid  vapour  is  passed  into  water  containing  xanthamide  in  suspension, 
a  crystallisable  substance  is  formed,  designated  by  Debus  as  oxysulphocyanate 
ofethyl;  its  composition  is  approximately  represented  by  the  formula  C*H'*N*0*8, 
and  it  is  probably  formed  by  the  union  of  2  at.xanthamido,  with  elimination  of  hydro- 
gen and  sulphydric  acid : 

2C«H'N0S  -  H*S  -  H»     =     C«n'«N*0«S. 

Compounds  of  Xanthamide  with  Metallic  Salts. — a.  With  cuprous  chloride,  xantha- 
mide forms  four  compounds,  containing  1,  2,  3,  and  4  at.  xanthamide  to  1  at.  CuCL 

The  compound  OH'NOS.CuCl,  is  obtained  as  a  white  crystalline  precipitate,  on  adding 
hydrochloric  acid  to  an  aqueous  solution  of  xanthamide  mixed  with  excess  of  cupric 
sulphate.  It  is  nearly  insoluble  in  water,  but  dissolves  in  hot  alcohol,  and  ciystamses 
on  cooling  in  small  very  brilliant  rhonibohedrons,  approaching  very  closely  to  the 
cube.  It  is  likewise  formed  on  mixing  an  alcoholic  solution  of  xanthamide  with  a  neu- 
tral solution  of  cupric  chloride.  The  liquid  first  becomes  blood-red,  then  oolourieas, 
strongly  acid,  and  deposits  sulphur ;  and  the  filtrate  yields,  by  spontaneous  evapora- 
tion, first  rhombohedral  cr}*stal8  of  the  compound  C'H'NOS.CuCl,  then  long  needles 
of  the  compound  al)ove  mentioned  as  oxysulphocyanate  of  ethyl. 

The  compound  2C'H'N0S.CuCl  is  deposited,  in  shining  rhombic  tables,  on  adding 
rather  more  than  1  at.  xanthamide  to  the  preceding  compound,  and  evaporating.  It  is 
insoluble  in  water,  very  soluble  in  alcohol,  and  appears  to  be  dimorphous,  inasmuch  as 
a  concentrated  alcoliolic  solution  deposits  it  in  lai^e  hexagonal  prisms,  whereas  from  a 
dilute  solution  it  separates  in  rhombic  tables. 

By  increasing  the  proportion  of  xanthamide,  the  compounds  3C*H*N0S.CuCl  and 
4C'H'N0S.CuCl  may  be  obtained,  both  in  well-defined  crystals.  All  these  compounds 
are  more  fusible  and  more  sfjluble  in  alcohol,  as  they  contain  a  larger  proportion  of 
xanthamide.  The  crystals  decompose  after  some  weeks,  sulphide  of  copper  being  set 
free. 

fi.  With  Cuprous  Iodide. —  A  boiling  alcoholic  solution  of  the  compound, 
SC'H'NOS.CuCl,  mixed  with  a  hot  solution  of  iodide  of  potassium,  deposits,  after 
some  hours,  concentrically-grouped  needles  of  the  compound  2C'H'N0S.CuI ; 
the  mother-liquor,  on  further  concentration,  yields  laminsB  of  the  compound 
3C'H'1^0S.CuI;  and  the  liquid  finally  deposits  xanthamide  and  chloride  of  potas- 
sium. 

y.  With  Cuprous  Srdphocyanat^. — An  alcoholic  solution  of  the  compound  2CH^N08. 
CuCl,  mixed  with  sulphocyanate  of  potassium,  yields  a  white  crystalline  precipitate, 
which  appears  to  consist  of  C»H'NOS.10CyCuS(?).  A  hot  concentrated  solution  of 
the  compound  SCUrNOS.CuCl  yields,  with  sulphocyanate  of  potassium,  an  immediate 
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precipitate,  consisting  of  colourless  tables  of  the  compound  2C'H^OS.3C3rCuS.  If 
this  compound  be  left  immersed  in  the  mother-liquor  for  some  days,  the  crystals 
become  larger,  acquire  a  yellowish  colour,  and  are  converted  into  the  compound 

c'lrNos.c^Cua 

An  alcoholic  solutiou  of  the  compound  CH'NOS.CuCl  yields  with  sulphocyanate 
of  potassium,  nothing  but  a  white  pulverulent  precipitate  of  cuprous  sulphocyanate. 

8.  With  other  Salts. — The  compound  3C*H^0S.CuCl  is  decomposed  at  the  boiling 
heat  by  zinc,  which  precipitates  the  copper  and  forms  chloride  of  zinc ;  but  this  salt 
does  not  combine  with  the  xanthamide,  neither  does  xantbamide  appear  to  unite  with 
ferrous  chloride,  chloride  of  barium,  or  cliloride  of  potassium.  With  mercuric  chloride, 
however,  it  appears  to  be  capable  of  forming,  under  certain  circumstances,  compounds 
similar  to  those  which  it  yields  with  cuprous  chloride. 

Amylio  Ozjsalpbooarbainate,  Amylxantliainlde,  or  Zantbainjlaiiilde« 

C«H'»NOS  -  CSO.C»H".H«N.— This  compound,  discovered  by  M.  W.  Johnson 
(Chcra.  Soc.  Qu.  J.  v.  242),  and  prepared  similarly  to  the  ethyl-compound,  has  been 
already  described  among  the  sulphur-compounds  of  amyl  (i.  206). 

(CS)") 
auXiPHOCAUBAMlPmi    CHAN'S     -      H*    VN*.— This  compound  has  not 

H«  3 
et  been  obtained.    It  contains  the  elements  of  sulphocyanate  of  ammonium,  CNS.NH^ 
ut  is  not  actually  formed  from  that  compound  in  the  same  manner  as  carbamide 
(urea)  from  cvanate  of  ammonium. 

Several  suDstitution-<lerivatives  of  sulphocarbamide  are  however  known,  and  have 
been  already  described  under  Cuibamidb  (i.  754),  viz. : 


I 


Allylsulphocarbamide . 


N«(CS)''.C»H».H» 


N«.(CS)''.C"H'.C«H».H« 

N'.(CS)\(C«H»)«,H« 
N*.(CSy'.C«H».C»H».H«. 


Naphthyl-allylsulphocarbanjide    . 
Phenylsulphocarbamide 
DiphinylMilphocHrbamido    . 
Phony  l-allylsulphocarbaraido 

Tlicse  compounds  are  formed  by  the  action  of  ammonia  and  alcoholic  ammonia  on 
sulphooyanic  ethers ;  and  eompoundt;  of  analogous  constitution,  but  having  half  the 
nitrogen  replaced  by  phosphorus,  aro  obtained  by  the  action  of  triethylphosphiue  on 
the  sulphocyanates  of  allyl  and  phenyl  (iv.  611),  e.g. : 

P(C»H»)»     +     (CS)''(C«H»)N       «       p  ^  (CS)''.C«H».(C»H*)». 

Triethyl*  Pbenylic  PhenyUtrif^thjrl-tulphocarbo- 

pboaphiue.  lulpbocjraqate.  pho«phuBide. 

BPXP HOC  A  RBTmiBB.     ^  yi    [N. — ^This  is  the  compound  more  generally 

called  sulph o cyanic  acid,  and  otherwise  formulated  as    tt[S".      That  this  acid 

may  really  be  regarded  as  the  imide  of  sulphocarbonic  acid  is  shown: — 1.  By  its 
tonnation  fi*om  sulphocarbamic  acid,  (CS*H*N  =■  CSIIN  •♦-  H*S),  and  in  the 
decompoi«ition  of  sulphocarbamic  ethers  (p.  492). — 2.  By  its  formation  when  carbonic 
disulpnide  is  heated  in  a  sealed  tube  with  alcoholic  ammonia : 

(CS)''S     +     NH»       -      ^^"l^     +     H»S; 

and  by  the  analogous  formation  of  ethylic  sulphocyanate,  when  ethylamine  is  substi- 
tuted for  ammonia  in  this  reaction. 


Carbonic  disulphide,  CS',  unites  directly  with 
metallic  sulphides,  forming  compounds  called  trisulphocarbonates,  or  simply 
sulphocarbonates.  analogous  to  the  carbonates,  and  represented  by  the  general 
formula  M-S.CS*  or  M«CS». 

They  are  likewise  produced,  together  with  carbonates,  by  the  action  of  carbonic 
disulphide  on  hydrated  metallic  oxides,  e.g.  with  aqueous  potash : 

3CS«     +     6KH0       =       2K«CS»     +     KK^O"     +     8H«0 

The  sulphocarbonates  of  the  alkali-metals  and  alkaline  earih-metals  are  red, 
brown,  or  yellow  compounds,  soluble  in  water  and  in  alcohol,  and  in  some  cases  crys- 
tallisable.  They  are  easily  converted  into  carbonates,  by  boiling  their  aqueouB  solu- 
tions, water  being  decomposed  and  sulphydric  acid  evolved,  e.g, : 

K«CS»     +     3H«0       =       3H«S     +     K«CO«. 

A  similar   decomposition   takes  pla*c  slowly  in  the  aqueous  solution  at  oxdinazy 
temperatures. 
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By  decomposing  a  meUllic  salphocarbonate  with  hydrocfaloric  acid,  hydrie  ml- 
phocarbonate,  or  Bulphocarbonic  acid,  HKSS',  ia  obtained  in  the  form  of  a 
yellow  oily  liquid,  thus : 

K»CS«     +     2HC1       -       2KC1     +     H«CS«. 

The  eulphocarbonates  of  the  heary  metals  are  insoluble  in  water,  and  are  formed 
by  precipitation.  Solutions  of  the  alkaline  snlphocarbonates  gire  a  brown  precipitate 
with  cupric  salts,  yellow  with  dilate  solutions  of  argentic  nitrate  and  mercuric 
chloride,  red  with  l^kd-salts.  A  solution  of  calcic  sulphocarbonate  forms,  with  auric 
chloride,  a  greyish-brown  precipitate  containing  Au'S'.SCS';  with  platinic  salts,  a 
block-brown  precipitate  containing  PtS^2CS'.  All  these  precipitates  blacken  more 
or  less  quickly  when  kept,  owing  to  their  conversion  into  sulphides. 

For  details  respecting  the  metallic  snlphocarbonates,  see  Gmdin't  Handbook  (toIs. 
iii.,  iv.,  v.,  and  n.),  under  the  sereral  metals. 


This  term  belongs  properly  to  the  compound 
H'CS',  obtained  as  above ;  but  it  is  sometimes  applied  to  carbonic  disulphide,  CS*, 
which  should  rather  be  called  carbonic  sulphannydride. 


rzo  BTHSAS.    These  are  bodies  having  tiie  composition  of 

carbonic  ethers  (i.  799),  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sulphur. 
The  following  table  ei^ibits  their  names  and  formulae,  the  ethyl-  and  ethylene«com- 
pounds  being  taken  as  examples: 


Ethyl-monoeulphoearbonic  acid 
Ethylic  monosulphocarbonate  . 
Ethyl-disulphocarbonic  acid     . 
Ethylic  disulphocarbonate 
Ethyl-trisulphocarbonic  acid    . 

Ethylic  trisulphocarbonate 

Ethylenic  disulphocarbonate    . 
Ethylenic  trisulphocarbonate    . 


CO«S 


(TH* 


(CO) 


cos»j 


C»H» 
H 


C«H 

(Coy 

C«H 

cm* ) 

(csy 

H 


O 

is 


cs-[c^* 


c& 


5cm» 

}C«H»      - 


csrr 


(csr 


s 

s 

s 
s 


COS».C?H< 
CS».C«H« 


(CSr  \  O 
(C^H«rjS 

(C'flfyj^- 


It  is  not  at  present  known  with  certainty  whether  the  mono-  and  disulphocarbonic 
ethers  contain  the  radicle  CO  or  CS — whether,  for  example,  ethyldisulphocarbonic 

C«HM'  C^H»1 

acid  should  be  regarded  as  (CS)"  >q  *  or  as  (CO)*  fS* ;  but  the  formulae  above  given  are 

H     3»  H     ) 

those  which  accord  best  with  the  principal  reactions  of  these  compounds. 

Formation  and  Beactions. — a.  The  metallic  salts  of  the  acid  sulphocarbonic 
ethers  are  produced  in  the  same  manner  as  those  of  the  op^cflkrbonic  ethers  (i.  801): 
thus  carbonic  dioxide  unites  with  sulphethylate  (mercaptide)  of  potassium,  to  form 
ethyl-monosulphocarbonate  of  potassium,  iust  as  it  unites  with  ethylate  of  potassium 
to  form  the  ethyl-carbonate;  and,  in  like  manner,  carbonic  disulphide  acts  on 
ethylate  of  potassium  or  alcoholic  potash,  so  as  to  form  ethyl-di  sulphocarbonate  of 
potassium ;  and  on  mercaptide  of  potassium,  or  an  alcoholic  solution  of  the  sulphydrate, 
so  as  to  form  the  ethyl-trisulphocarbonate,  thus : 

C0«  +  (C«H*)KO 

C0«  +  (C«H*)KS 

CS«  +  (C«H»)KO       -       (C»H»)KCOS«.    Ethyl-disulphobarbonate. 

CS«  +  (C«H»)KS       «       (C*H»)KCS«.      Ethyl-trisulphocarbonate. 

/3.  The  neutral  sulphocarbonic  ethers  (containing  monatomic  alcohol- 
radicles),  are  produced  by  the  action  of  the  chlorides,  bromides,  &c.  of  alcohol-radicl<^ 
on  the  iftetsUic  salts  of  the  corresponding  acid  ethers,  e.g. : 


-       (C«H»)KCO".      Ethyl-carbonate. 

=•      (C«H»)KCO«S.    Ethyl-monosulphocarbonat«. 
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(C«H*)KCS«  +  C«H»a  -  KCl  +  (C»H»)«CS«. 

PoCaMic  ethyl.  Ethyllc  trlsul- 

trUulphocarbo-  phocarbonate. 

nate. 

y.  The  same  neutral  ethers  are  decomposed  by  hydrate  or  sulphydrate  of  potas* 
siuin,  especially  in  alcoholic  solution,  yielding  a  salt  of  an  acid  sulphocarbonic  ether, 
together  with  alcohol  or  mercaptan ;  e.g.  : 

(C»H*)«CO-S  +  KHO  =  (C«H»)HO  +  (C»H»)KCO«S. 

(C«H»)«CO^S   +  KHS  «  (C«H*)HS   +  (C«H»)KCO-a 

(C*H*)«COS«  +  KHS  =  (C«H»)HS  +  (C«H»)KCOS*. 

(C«H*)«COS»  +  KHO  -  (C»H*)HS  +  (C»H*)KCO«S. 

0.  Ethyldisulphocarbonie  acid  is  resolved  by  heating  (to  24^)  into  alcohol  and  car- 
bonic disulphide : 

(C«H»)HC08«  -  (C»H»)HO  +  CS«. 

The  decomposition  of  the  free  acid  is  therefore  represented  by  an  equation  exactly 
similar  to  that  by  which  its  potassium-salt  is  formed  :  it  is  likewise  analogous  to  that 
of  cthylcarbonic  acid  (i.  801);  but  in  the  latter  case  the  decomposition  takes  place 
spontaneously  at  ordinary  temperatures,  whereas  ethyldisulphocarbonie  acid  may  be 
separated  in  the  free  state  firom  its  salts,  and  decomposes  only  when  heated. 

c.  When  iodine  acts  on  a  metallic  salt  of  an  add  sulphocarbonic  ether  (an  ethylsul- 
phocarbonate,  for  example)  in  alcoholic  solution,  peculiar  compounds  are  formed,  called 
ethylsulphocarbonic  sulphides.  A  molecule  of  iodine  acts  on  two  molecules 
of  the  ethylsulphocarbonate,  abstracting  the  two  atoms  of  metal,  while  the  residues 
of  the  two  molecules  of  ethylsulphocarbonate  remain  united,  forming  ethylsulpho- 
carbonic sulphide ;  e.g. : 

2(C«H»)KC0S«  +  I«  -  2KI  +   (CH»0)«C«S*. 

Potassic  ethyl-  EthylnUtulpho- 

ditulpbocarbonate.  cartMnic  xul- 

phide. 

2(C»H»)KC0*S   +   P  =  2KI  +   (C«H»S)«C«0<. 

Potastie  ethyl-mono-  EthyUmonosul- 

•ulphocarbonate.  phocarbonic 

sulphide. 

These  bodies  may  be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with 
alcoholic  peroxides  and  persulphides,  just  as  the  ordinary  sulphocarbonic  others  may 
be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with  alcoholic  protoxides 
and  protosulphides. 

They  are  decomposed  by  heat,  yielding  a  neutral  sulphocarbonic  ether,  together  with 
carbonic  oxide,  dioxide,  or  disulphide  and  free  sulphur ;  e.g, : 

C^wQ'S*  «  (C»H»)«CO«S   +   CS«  +   S. 
Etbyl-ditul.  Ethylic  mono- 

phocarbonic  lulphocarbo- 

tolphide.  Date. 

or: 

C«H>»0«S*  »  (C«H*)2C0S«  +  CO    +  S«. 

Ethyl-disulpho-         Ethylic  ditul- 
carbonic  gulphide.       phocarbooate. 

C«H>*0*S«  =  (C«H»)«CO«S  +   C0«  +  S. 

Ethy!>mono-         Ethrlic  mono* 
tulphocarbo.  tulphocarbo* 

Die  sulphide.  Date. 

They  are  also  decomposed  by  hydrate  or  sulphydrate  of  potassium,  sulphur  being 
separated,  and  the  potassium-salt  of  the  corresponding  add  sulphocarbonic  ether  being 
produced. 

C  The  sulphocarbonic  ethers  of  diatomic  alcohol-radicles  are  formed 
by  the  action  of  diatomic  alcoholic  bromides,  iodides,  &c.,  on  sulphocarbonate  of 
sodium;  e.g,: 

^^S^  +  (C'HTBr*  -  2NaBr  +   ((ji^j'js'. 

These  ethers  are  oxidised  by  fuming  nitric  add,  yielding  diatomic  sulphnrous  ethers ; 

cm<\s  +  ^*  =  cm<\^"  +  CO'  +  SO'- 

Ethylenic  Ethylenic 

disulpbo-  sulphite, 

carbonate. 
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Sulphocarbanic  Ethers  containing  Monatomic  Mcokol-radideB, 

a.  Allyl-compounda. 

C*H*  ) 
AUyl-dUnlptaooarbonlo  Add,  C'H'OS*  «  (CS)"  j-g .— The  potasnnmHnlt  of 

this  acid  is  obtained,  in  yellow  needles,  by  treating  allylie  alcohol  with  potash  and 
carbonic  disulphide.     (Hofmann  and  C  ah  ours,  i.  146.) 

AUjUo  TrUnlplioearboiiate,  C^**S'  »  (Cs^W^''  (R^se™*i^i^«  ^^°-^^ 

Pharm.  cxxri.  269.)— Produced  by  the  action  of  allylie  iodide  on  Bodium-trisnlpho- 
carbonate  at  ordinary  temperatures,  in  the  same  manner  as  the  corresponding  ethyl- 
compound.  It  is  a  yellow  oily  liquid,  having  an  extremely  pungent  and  offensiTe 
odour;  specific  gravity  =  0'943 ;  boiling-point  between  170®  and  175®.  It  is  con- 
verted by  strong  nitric  acid  into  allylsulphurous  add,  and  by  ammonia  into  sulpho- 
cyanate  of  ammonium  and  sulphydrate  of  allyL 

/3.  Amyl'compound*, 

Amyl-dlanlpbooarbonto  or  aUuitliamyUo  Add,  C«Hi*OS*  -  (CSr>s.   (P^ 

Koninck,  BulL  de  I'Acad.  de  Bruxelles  [2],  ix.  546. — Erdmann,  J.  pr.  Chem. 
xxxi.  1. — Balard,  Ann.  Ch.  Phys.  [3],  xii.  307. — M.  "W.Johnson,  Chem.  Soc  Qu.  J. 
V.  142.) — The  potassium-salt  of  this  acid  is  obtained  by  the  action  of  carbonic  disul- 
phide on  a  solution  of  potash  in  amylic  alcohol ;  and  on  treating  this  salt  with  bydro> 
chloric  acid,  the  xanthamylic  acid  separates  as  a  colourless  or  pale-yellow  oily  liquid, 
having  a  very  disagreeable  pungent  odour ;  it  must  be  dried  over  chloride  of  calcium, 
to  preserve  it  from  decomposition.  It  reddens  litmus  strongly,  bums  with  a  very  bright 
flame,  colours  the  skin  deep  yellow,  and  appears  to  be  somewhat  heavier  than  water. 

ATnyldi^ulphocarbonate^  or  Xanthaviylatf  of  Ammonium  (obtained  in  the  pnepara- 
tion  of  xanthamylamide,  p.  493\  crystallises  from  alcohol  and  ether  in  oolourlera 
prisms,  whicli  may  be  sublimed  by  careful  heating.  It  is  decomposed  by  water,  slowly 
also  by  exposure  to  the  air,  yielding,  hthoujj:  ether  products,  sulphocyanate  of  ammonium 
and  a  yellow  oil. — The  potassium-salt,  C*H"KOS*,  prepared  as  alx>ve,  solidifies  to  a 
magma  of  crystalline  scales,  having  a  pale-yellow  colour  and  nacreous  lustre.  It 
dissolves  in  water,  alcohol,  and  ether,  and  precipitates  many  metallic  solutions. 

The  cuprous  salt  is  obtained  by  precipitation  with  cupric  sulphate,  in  lemon-yellow 
flocks  — The  lead-salty  C^H^^Pb^O'^S*,  is  a  yellowish- white  precipitate,  which  blackens 
when  boiled.  On  adding  an  alcoholic  solution  of  lead-acetate  to  a  strong  solution  <^ 
the  ammonium-salt  mixed  with  a  large  quantity  of  alcohol,  and  leaving  the  liquid  to 
evaporate,  xanthamylate  of  lead  separates  in  small  shining  laminse  (Johnson). — The 
ffurcurous  salty  obtained  by  precipitation  with  mercuric  chloride,  is  white,  and  docs  not 
blacken  on  boiling. — The  silver-salt  is  a  white  precipitate,  which  blackens  on  boiling 
and  on  exposure  to  light. 

Amyl-disulphooarbonlo  Sulpbide,  C>*H*'0*S«  -  (C*H"0)*C  8«  «. 
(C*H"S)«C«G«S«.  Amyldioxysulphocarhonate,  (M.  W.  Johnson,  Chem.  Soc.  Qu.  J. 
T.  142.) — Produced  by  the  action  of  iodine  on  xanthamylates  (p.  495).  Hydrate  of 
potassium  is  triturated  in  a  mortar  with  amylic  alcohol  and  carbonic  disulphide, 
avoiding  an  excess  of  amylic  alcohol ;  and  the  product,  after  being  mixed  with  a  little 
water,  is  treated  with  powderfed  iodine.  The  reaction  tak^  place  rapidly,  and  amyl- 
disulphocarbonic  sulphide  separates  as  a  yellowish  odorous  oil,  which  must  be  washed, 
and  then  dried  over  chloride  of  calcium.  It  begins  to  boil  at  187^*  and  decomposes, 
yielding,  amongst  other  products,  an  oil  having  the  composition  of  amylic  disulphoear- 
Donate.  With  ammonia  it  yields  amyldisulphocarbonate  (xanthamylate)  of  ammo- 
nium, amylic  sulphocarbamate  (xanthamylamide),  and  a  deposit  of  smphur : 

C"H«0'S*  +  NH«  =  C«H"OS«  +   C«H'«NOS  +  S. 

Xantfaamy-  Xanthamjl- 

Uc  acid.  amide. 

Amylle  BUnlpbooarbonate,  C"H'*OS*  «    (C'H^M^Is*    ^^^*^^y^^  Ether. 

(Desains,  Ann.  Ch.  Phys.  [2],  xx.  505.) — Obtained  by  distilling  the  product  of  the 
action  of  iodine  on  xanthamylate  of  potassium.  It  is  an  amber-coloured  oil,  having 
a  strong  ethereal  odour. 

Methylamylic  DisulphocarhonatCy  (CH*XC*H")COS',  is  obtained,  accoid- 
ing  to  Johnson,  by  distilling  a  mixture  of  amyldisulphocarbonate  and  methylanlphate 
of  potassium.    When  digested  with  ammonia,  it  yields  xanthamylamide. 
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cooliil  to  0®,  it  deposits  crystals  of  potassic  ethylmonosolphocArbonate,  while  etliylie 
Bulphydrato  remains  in  solution ;  with  alcoholic  potash^  the  same  products,  together  with 
alcohol  and  potassic  carbonate  (see  equations,  p.  495,  7).  When  saturated  with  am- 
monia-gas and  concentrated,  it  yields  yellow  needles,  mixed  with  a  gelatiiioiis  substance. 

Btbyldisulpliocarboiilo  or  Zantbie  Aoi<l«  CH'OS*  «r  (C^*)HCOS*.  (Zeise, 
Schw  J.  xxxvi.  1  ;  xliii.  160  ;  Pogg.  Ann.  xxxt.  467. — Couerbe,  Ann.  Ch.  PhT8.  [2J 
Ixi.  225. — Sacc,  Ann.  Ch.  Pharm.  li.  345. — Debus,  ibid.  Ixxii.  1 ;  Ixxr.  121 ;  Ixttji. 
253. — De sains,  Ann.  Ch.  Phys.  [8j  xx.496. — Hlasiwetz,  Ann.  Ch.  Fhann.  czzii 
87.) — The  potassium-salt  of  this  acid  is  produced  by  adding  carbonic  disulphide  to 
alcoholic  potash,  or  by  the  action  of  potassic  sulphydrate  on  neutral  ethylic  dlsulpho- 
carbonate  (xanthic  ether). 

When  fused  hydrate  of  potassium  is  dissolved  in  half  its  weight  of  abfloliite  aleohol, 
carbonic  disulphide  then  slowly  added  till  the  liquid  no  longer  exhibits  an  alkaline 
reaction,  and  the  mixture  cooleid  to  0^,  xanthate  of  potassium  separates  in  oolonrleiB 
needles,  and  an  additional  quantity  may  be  obtained  by  evaporating  Uie  mother-liqiMnr 
in  a  vacuum,  after  the  excess  of  carbonic  disulphide  has  been  separated  bj  water.  To 
obtain  the  free  acid,  the  potassium-salt  is  placed  in  a  large  (^lindrical  vessel,  and 
treated  with  dilute  sulphuric  or  hydrochloric  acid ;  a  mil^  hquid  is  then  fonned, 
from  which  the  acid  may  be  more  completely  separated  by  further  addition  of  water. 

Xanthic  acid  is  a  colourless  oil,  heavier  than  water,  and  insoluble  therein ;  it  has 
a  strong  odour,  and  its  taste  is  acid,  astringent,  and  bitter.  It  first  reddens  litmus,  and 
then  bleaches  it.  It  is  veiy  inflammable,  and  gives  off,  in  burning,  the  odour  of  sulphu- 
rous acid.  It  Ciinnot  be  heated  without  decomposition,  becoming  turbid  at  24^,  then 
boginuing  to  boil,  and  being  resolved  into  alcohol  and  carbonic  disulphide:  0*HH)S* 
=  C-'ll'O  +  CS*.  Wlien  exposed  to  the  air,  it  becomes  covered  witn  a  white  crust 
It  expels  carbonic  acid  from  its  alkaline  salts. 

The  xanthates  or  ethyldisulphocarbonates,  (CS)''>a' are  decomposed  by 

distillation,  yielding  chiefly  carbonic  anhydride,  sulphydric  acid,  carbonic  disulphide, 
and  a  sulphuretted  oil,  and  leaving  a  residue  of  metallic  sulphide  mixed  with  chaicoaL 
The  oil,  called  by  Zeise  xanthogenblj  appears  to  be  a  mixture  of  ethylie  sulphide  and 
sulphydrate  with  another  sulphuretted  body. 

Tlie  xanthates  of  the  alkab-metals  are  very  soluble  in  water  and  in  aloohoL  The 
amnumium'Salt  is  obtained  by  saturating  the  add  with  ammonium-carbonate,  or  by 
decomposing  the  barium-salt  with  ammonium-sulphate. 

Xanthate  of  Potassium^  (C'H^)XCOS*,  is  most  easily  prepared  by  adding  to  absolute 
alcohol  an  excess  of  very  pure  caustic  potash  and  an  excess  of  carbonic  di8al{^de. 
The  mixture  immediately  solidifies  to  a  mass  of  interlaced  silky  needles,  which  must 
be  washed  on  a  filter  with  ether,  then  pressed  between  bibulous  paper,  and  dried  over 
oil  of  vitriol. 

The  salt  crystallises  in  shining  colourless  prisms,  which  turn  slightly  yellow  on 
exposure  to  the  air.  It  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
Its  aqueous  solution  decomposes  when  heated  above  50^,  yielding  potassic  trisnlphocar- 
bonate,  alcohol,  sulphydric  acid,  and  carbonic  anhydride: 

2C»H»K0S«  +   2H«0     -     K«CS«  +   2CH-0  +  H»S  +   C0«. 

In  the  dry  state,  it  may  be  heated  to  200®  without  alteration  ;  at  higher  temperatures, 
it  gives  off  ethylic  sulphydrate  (mercaptan),  sulphydric  acid,  water,  and  carbonic  oxidt^, 
leaving  a  residue  of  potassic  sulphide  mixed  with  charcoal.    The  solution,  heated  with 


nitric  acid  decomposes  the  xanthate  with  violence. 

Xanthate  of  Sodium  forms  yellow  needles. — The  barium-salt,  C^'«Ba''0^*.2H»0, 
forms  very  unstable  laminae,  soluble  in  water. — The  eahium-salt  is  a  gummy  mass. 

The  soluble  xanthates  form  a  white  precipitate  with  lead-salts,  yellow  with  cuprie 
salts  (hence  the  name  of  the  acid),  b'ght-yellow  with  argentic  and  mercurous  salts,  the 
last-mentioned  precipitate,  however,  quickly  becoming  brown  and  black. 

The  xanthates  of  the  heavy  metals  may  be  obtained  in  the  crystalline  form,  by 
decomposing  a  solution  of  sodium-ethylate  in  a  large  quantity  of  carbonic  disulphide 
with  the  solid  chlorides  of  tlie  heavy  metals,  the  mixture  being  kept  at  the  bouing- 
point  till  the  reaction  is  complete. 

The  liquid  chlorides  of  antimony,  arsenic,  and  tin,  mixed  with  3  pts.  carbonic 
disulphide,  are  introduced  into  the  solution  of  sodium-ethylato  by  a  dropping  apparatus, 
the  action  being  moderated  by  cooling.  The  liquid  is  separated  from  the  rv'sulting 
chloride  of  sodium  by  pressure  through  fine  linen,  and  the  crystals  obtained  by  its 
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pponfanoous  evaporation  are  purified  by  reeiystallisation  from  carbonic  disulphide,  and 
finally  by  rapid  washing  with  ether.  The  antimony-,  arsenic-,  and  iron-salts  dissolve 
readily  in  carbonic  disulphide,  even  in  the  cold  ;  the  chromium-,  cobalt-,  and  nickel- 
salts  on  warming ;  the  tin-  and  mercury-salts,  which  crystallise  most  quickly,  require 
prolonged  boiling  to  dissolve  them.  These  salts  are  likewise  soluble  in  ether  and  in 
alcohoL    (Hlasiwetz.) 

Xanthate  of  Antimony,  ^  q^J  {(COS*)*  =  i-Q,Qk|gw*»>ot,  prepared  as  above  with 

pontachloride  of  antimony,  forms  large,  lemon-yellow,  triclinic  crystals,  which 
behave  like  the  t6)lomjia,^XanthaU  o/  Arsenic,  (C*H»)"As'^(COS«)",  forms  nearly 
colourless  monodinic  tables,  which  melt  easily,  are  decomposed  by  heat,  leaving  a 
residue  of  arseuious  sulphide,  and  are  decomposed  by  warm  hydrocmorio  acid. — Xan- 
tk4ite  of  Bismuth,  (C'H^)*Bi"'(COS')*,  crysUllises  in  shining  golden-yellow  kminsand 
tables— Aaw^Atf^  qf  Chromium,  (C«H»)"CV(C08«)«,  forms  shining  dark-blue  crysUU, 
disiiolving  with  violet-blue  colour  in  carbonic  disulphide. — Xanthate  of  Cobalt, 
(C=H*)«Co"(COS=)*,  forms  large,  well-defined,  black  crystals,  dissohing  in  carbonic 
disulphide  with  dark  grass-green  colonr.    (H 1  as i  w et  x.) 

Copper-salts. — Xanthate  of  potassium,  added  to  the  solution  of  a  cupric  salt,  forms  at 
first  a  black-brown  precipitate  of  cupric  xanthate,  which  quickly  changes  into  beauti- 
ful yellow  flocks  of  cuprous  xanthate.  This  salt  is  not  sensibly  attacked  by  sulphydric 
acid,  but  alkaline  sulphides  decompose  it  immediately.  It  is  decomposed  by  hot 
hydrochloric  and  sulphuric  acids,  and  strongly  attacked  by  nitric  acid.    (Zeise.) 

Ferric  Xanthate,  (C'H*)"Fe'^(COS*)",  crystallises  in  very  fine,  regularly  formed,  mono- 
clinic  crystals,  having  a  black  colour,  and  dissolving  in  carbonic  disulphide  with  brown- 
black  colour.    (Hlasiwetz.) 

Xanthate  of  Lead,  (C*H*)*Pb''(COS'/,  prepared  by  adding  carbonic  disulphide  and 
hydrate  of  lead  to  alcoholic  potash,  crystallises  in  colourless  silky  needles,  vety  stable, 
insoluble  in  water  and  in  ether,  moderately  soluble  in  boiling  alcohol.  It  is  slowly 
decomposed  by  sulphydric  acid,  immediately  by  sulphide  of  ammonium.  Its  solution 
is  gradually  decomposed  by  boiling,  more  quickly  on  addition  of  potash,  depositing 
sulphide  of  lead.  A  solution  of  cupric  sulphate  poured  on  the  crystals  immediately 
transforms  them  into  yellow  cuprous  xanthate.    (Dobu  s.) 

Mercuric  Xanthate,  (C«H*)«Hff''(COS«)«,  prepared  by  the  method  of  Hksiwete,  crys- 
tallises in  scales  having  a  satiny  lustre.— The  nickel-salt,  (C*H*)'Ni''(COS*)*,  crystallises 
in  large,  black,  mon<^inic  tables,  dissolving  in  carbonic  disulphide  with  yellowish- 
greon  colour.    (Hlasiwetz.) 

Concentrated  solutions  of  silver-salts  form  with  soluble  xanthates,  a  black  precipi- 
tate ;  dilute  solutions  give  a  yellowish  precipitate,  which  quickly  blackens.    (Zeiso.) 

Stannous  Xanthate,  (CH*)^n*(COS'^',  prepared,  according  to  the  method  of  Hlasiwetz, 
with  stannic  chloride,  crystallisee  in  snining  golden-yellow  lamime  and  tables. 

XtbyldUvlpbooarbonio  Snlplilde,  C«H*«0*S«  -  (C'H*0)^2CS*.  Aethyl- 
dioxysulphocarbonat.  (De sains,  Ann.  Ch.  Phys.  [3]  xx.  469. — Debus,  Ann.  Ch. 
Pharm.  Ixxii.l ;  Jahresb.  1849,  p.  419.) — Produced  by  the  action  of  iodine  on  xanthates. 
If  an  alcoholic  solution  of  potassic  xanthate,  exactly  decolorised  by  iodine,  be  left  to 
evaporate  at  a  moderate  temperature,  this  compoimd  is  deposited,  after  a  few  days,  in 
lamellar  crystals,  which  may  be  purified  by  washing  with  water.  It  may  also  be  pre- 
pared from  xanthate  of  leaa. 

Ethyldisulphocarbonic  sulphide  melts  at  the  he.it  of  the  hand  to  a  yellowish  oil, 
insoluble  in  water,  and  haviuff  a  very  persistent  but  not  unpleasant  odour.  It  is  very 
soluble  in  absolute  alcohol  and  in  ether.  Its  solution  does  not  precipitate  acetate  of 
lead ;  when  boiled  with  nitrate  of  silver,  it  gives  a  precipitate  of  sulphur.  With  mer- 
curic chloride  it  forms  a  white  precipitate,  which  blackens  at  40^ ;  and  with  platinic 
chloride,  after  a  while,  a  brown  pulvendent  precipitate. 

It  is  decomposed  by  heat,  the  decomposition  commencing  at  about  130°,  and  two 
modes  of  decomposition  going  on  simultaneously,  viz. : 

C*H'»0«S*     «     C*H'»0«S  +   CS«  +   S. 
Ethjrlic  mono- 
•ulphocarbonate. 

and  C«H»«0«S*     «     C*H»»OS«  +  CO  +   S«. 

Bthylic  diauU 
pbocarbonate. 

With  alcoholic  potash,  it  yields  a  deposit  of  sulphur  and  a  solution  of  potassic  xanthate, 
carbonate,  and  sulphide : 

C«n'»0«8»  +  2K«0     =     CHIOS'   +  C«H»KO»   +  K-S  +  «. 

XantbAte.  Eitij-l-ear- 

tx)nate. 

KK2 
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C»n»KO«  +  KHO     -.     K»CO«  +  CH«0. 

EthyUcar.  Carbonate.      Alcohul. 

bonate. 

With  sulphydrate  of  poinsaium,  it  yields  sulphur,  a  large  quantity  of  sulphydric  add 
gas,  and  a  solution  of  xanthate: 

C«Hioo-S«   +   2KHS     -     2C»H*K0S«  +  H«S  +   S. 

Ammonia-gas  passed  into  its  alcoholic  solution  forms  xanthate  of  ammoDiiiin  and 
et hylic  sulphocarbamate  (xanthamide,  p.  491)': 

CH'^O'S*   +   NH»     «     C>H«OS«  +   C«H'NOS  +   S. 

Xanthic  Xantha- 

acld.  mide. 

Hydrochloric  acidm'Ay'hQ  distilled  over'ethyl-disulphocarbonic  sulphide  without  decom- 
posing it.     Sulphuric  acid  attacks  it  in  the  cold,  evolving  sulphurous  anhydride. 

Potassium  or  sodiujn  added  to  its  ethereal  solution  mixed  with  a  little  alcohol  unites 
rapidly  with  it,  forming  a  xanthate  (Drechsel,  Zeitschr.  f.  Chem.  1866,  p.  853): 

(C'H»0)«CrS«  +  K«     =     2(C'H*)KC0S«. 

BtbyUe  Biaulpbooarbonate  or  Xantbate.     Xantlilo  Btlier.     C^H^'OS*  » 

(CSr  ?•?.     (Zeise,  Ann.  Ch.  Pharm.  Ivi.  29.— Debus,  ibid,  Ixxv.  121.)— Produced: 

— 1.  By  the  action  of  ethylic  chlorido  on  potassic  xanthate. — 2.  By  the  dry  dis- 
tillation of  ethyl-disulphocarbonic  sulphide  (p.  499).  It  has  a  pale-yellow  ooloor, 
a  sweetish  taste,  and  a  not  very  disagreeable  odour ;  is  neutral  to  test-paper,  and  has 
a  specific  gravity  of  10703  at  18°.  It  boils  at  200° ;  burns  with  difficulty,  if  not 
previously  heated. 

Xanthic  ether  is  quite  insoluble  in  water ;  alcohol  and  ether  dissolve  it  in  all  propor- 
tions. It  dissolves  iodine,  forming  a  brown  liquid.  Potassium  attacks  it  hot  slightly, 
and  only  when  heated.  It  is  decomposed  by  strong  sulphuric  add^  and  by  a  mixture  of 
that  acid  with  fuming  nitric  acid,  forming  oily  products:  it  is  not  attacked  by  hydro- 
chloric acid.  Its  alcoholic  solution  fonns  a  white  precipitate  with  mereurie  chloride.  It  is 
not  decomposed  by  mercuric  oxide,  or  by  protoxide  or  peroxide  of  lead,  even  when  heated 
therewith.  With  an  alcoholic  solution  of  hydrate  or  sulphydrate  of  potassiufHy  it  yields 
mercaptan  and  ethylmono-  or  ethyl-disulphocarbonate  of  potassium. — When  ammonia- 
gas  is  passed  into  its  alcoholic  solution,  and  the  liquid  then  left  to  itself  for  a  day,  it 
yields  a  distillate  of  ethylic  sulphide  and  amnionium-sulphydrate,  and  a  residue  of 
ethylic  sulphocarbamate  (xanthamide) : 

2C*H»»0S^   +   2NH«     «     IPS   +   (C-IP;«S   +   2C»H'N0S. 

Ethyl-methylic  Disulphocarbonatr,  C*H«OS^  «  (CH*)(C*H»).COS«. 
(Chancel,  Ann.  Ch.  Phys.  [3]  xxxv.  468.)— -Obtained  by  distilling  together 
1  at.  xanthate  and  1  at.  methylsulphato  of  potassium.  It  is  a  pale-yellow  limpid 
liquid,  having  a  specific  gravity  of  1*123  at  11°,  a  sweet  taste,  and  a  strong,  ethereal, 
not  unpleasant  odour.  It  boils  at  179°,  and  distils  entirely  without  decomposition. 
Vapour-density  ■»  4*652.  It  easily  takes  fire,  and  bums  with  the  blue  flame  of 
sulphur,  emitting  largo  quantities  of  sulphurous  anhydride.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether.  Ammonia  converts  it  into  xanthamide  and  methylic 
sulphydrate. 

Stliyl-trlaiilpliooarbonio  Aold.  C»H'S«  -  (C*H»)HCS«.  TrisuIphureUed 
Carlx)vinic  Acid.  Sulphoxatithic  Acid.  (Chancel,  Compt.  rend. xxxii.  642.) — The  po- 
tassium salt  of  this  acid,  C*H*KS*,  is  formed  by  the  direct  union  of  carbonic  disul- 
phide  with  sulphethylate  (mercaptide)  of  potassium.  It  is  a  white  salt,  soluble  in  water 
and  in  alcohol ;  forms  yellow  precipitates  with  silver-,  mercury-,  and  lead-salts ;  and 
with  copper-salts  a  precipitate  of  a  very  brilliant  scarlet  colour,  resembling  mercuric 
iodide.  These  precipitates  decompose  quickly  when  heated,  yielding  metallic  sulphides. 
The  precipitate  formed  in  a  solution  of  cupric  sulphate,  is  a  cuprous  salt,  whose  forma- 
tion is  accompanied  by  that  of  a  persulphide,  probably  containing  C*H**S*  » 
(C*H*S)*.2CS*.  The  potassium-salt  decomposes  at  100°  into  pentasulphlde  of  potassium, 
and  an  oil  having  the  composition  of  allylic  sulphide: 

2C«H*KS»     -     K-S*   +   (C»H*)'S. 

athyUo  Trtaalpliooarbonate.  C^H'^'S*  »  (C^II*)^CS>.  SulphocarhonaU  of 
Ethylic  Sulphide.  (Schweitzer,  J.  pr.  Chem.  xxxii.  254. — Debus,  Ann.  Ch. 
Pharm.  Ixxv.  147. — Hiisemann,  GottingerNachrichten,  1861,  p.  275  ;  Jafaresb.  1861, 
p.  344.) — This  ether  is  produced:  1.  By  the  action  of  ethylic  chloride  or  iodide  on  tii- 
sulphocarbonate  of  potassium.  Vapour  of  ethylic  chloride  is  passed  into  the  red 
liquid  precipitated  on  saturating  an  alcoholic  solution  of  neutral  potassic  snlphide  with 
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carbonic  disulphide ;  the  liquid  is  then  left  at  rest  for  a  while,  and  the  vapour  again 
passed  into  it  Chloride  of  potassium  is  then  gradually  deposited,  and  on  adding 
water  to  the  decanted  liquid,  ethylic  trisulphocarbonate  separates  as  an  oil,  which  may 
be  purified  from  excess  of  carbonic  disulphido  by  washing,  rectification,  and  agitation 
with  aqueous  potash  (Schweitzer). — 2.  Trisulphocarbonate  of  sodium  is  mixed  in  a 
lung-necked  flask  provided  with  an  upright  condensing-tube,  with  an  alcoholic  solution 
of  pthylic  bromide  or  iodide.  The  mixture  soon  becomes  heated  to  the  boiling-point, 
and  the  reaction  is  complete  in  about  a  quarter  of  an  hour.  The  ethylic  trisulphocar- 
bonate thus  produced  is  separated  from  the  alcoholic  solution  by  water,  then  dried 
over  chloride  of  calcium,  and  distilled  till  it  exhibits  a  constant  boiling-point,  (fliise- 
mann.) 

Ethylic  trisulphocarbonate  is  a  yellow  oil,  heavier  than  water,  insoluble  therein,  very 
soluble  in  alcohol  and'  in  ether :  it  has  a  slightly  alliaceous  odour,  and  an  agreeable  sac- 
charine taste,  somewhat  like  that  of  anise.  According  to  Schweitzer,  it  becomes  red 
when  heated,  and  boils  between  237^  and  240^.  According  to  Hiisemann,  it  boils  con- 
stantly at  240°.  It  burns  with  a  blue  flame.  Alcoholic  potash  quickly  decomposes  it 
into  trisulphocarbonate  of  potassium  and  sulphydrate  of  ethyl. 

According  to  Berend  (Ann.  Ch.  Pharm.  cxxviii.  333 X  this  ether  unites  directly  with 
bromine,  without  evolution  of  hydrobromic  acid,  forming  the  compound  C*H"fe'Br*, ' 
which  dissolves  in  ether,  benzol,  carbonic  disulphide,  and  excess  of  bromine,  and 
ciystallises  from  the  latter  by  slow  evaporation  in  large  six-sided  prisms.  It  is  decom- 
posed by  water,  with  formation  of  hydrobromic  acid  ;  potash  also  abstracts  the  bro- 
mine, reproducing  the  original  ether.  The  bromine  is  also  separated  by  strong  nitric 
or  sulphuric  acid. 

€.  Methyl-compounds, 

KetHyl-dlflnlphooarbonlo  Acid.  (CH')HCOS^  Xanthomethylic  Acid.  (Du- 
mas and  Peligot,  Ann.  Ch.  Phnrm.  [2]  xxiv.  65. — ^De sains,  ibid.  [3]  xx.  604.) — 
The  potassium-mlt  of  this  acid,  (CH*)KCOS*,  obtained  by  adding  carbonic  disulphide 
to  a  solution  of  potash  in  wood-spirit,  crystallises  in  silky  fibres. — The  lead-salt  con- 
tains (CH«)2Pb"C=^0'S*. 

The  aqueous  solution  of  the  potassium-salt,  treated  with  a  solution  of  iodine  in  wood- 
spirit,  deposits  oily  drops  of  methyl-disulphocarbonic  sulphide,  C*H*0*S*  = 
(CH»0)«C-S« : 

2(CH«)KC0S»  +  1*     «     2KI  +  C<H«0«S^ 

MetliyUo  BisiUphooarbonate,  CH'OS'  »  (CH')'COS\  Xanthomethylio 
Ether.  (Cahours,  Ann.  Ch.  Phys.  [3],  xix.  168. — ^Zeise,  ibid.  p.  123.) — When  the  mix- 
ture of  potassic  methyl-disulphocarbonate  and  iodine  just  mentioned  is  heated,  the 
methyl-disulphocarbonic  sulphide  first  formed  is  decomposed,  sulphur  and  potassium- 
iodide  being  deposited,  and  carbonic  oxide  evolved ;  and  on  adding  water  to  the  mixture, 
methylic  disulphocarbonate  is  deposited  in  the  form  of  an  oil : 

C*H«0«S*     =     (CH»)«COS«  +   CO   +  S«. 

This  ether  is  a  very  mobile,  slightly  yellowish  liquid,  having  a  strong,  persistent, 
slightly  aromatic  odour.  It  boils  at  170"^ — 172^.  Specific  gravity  of  the  liquid  — 
ri43  at  16° ;  of  the  vapour,  4*266.  With  alcoholic  potash,  it  yields  methylic  sulphy- 
drate and  carbonate  of  potassium. 

Mett&yUo  Trtonlpliooarbonate,  (CH*)'CS'.  (Cahours,  Ann.  Ch.  Phys.  [3], 
xix.  163.) — Obtained  by  distilling  a  mixture  of  the  concentrated  solutions  of  calcic 
methylsulphate  and  potassic  trisulphocarbonate.  It  is  a  yellow  liquid,  having  a 
strong  pungent  odour,  nearly  insoluble  in  water,  but  dissolved  in  all  proportions  by 
alcohol  and  ether.  Boils  at  200^— 205°.  Specific  gravity  =  M59  at  18°.  Vapour- 
density  =  4*652.  With  brf>7nine  it  forms  red  crystals,  containing,  according  to 
Cahours,  C»IPBr*S»  =  (CII*Br)*CS*;  according  to  Berend,  on  the  contrary  (Ann. 
Ch.  Pharm.  cxxviii.  333),  the  methylic  trisulpnocarbonate  unites  directly  with  the 
bromine,  without  elimination  of  hydrogen. 

Sulphocarhonic  Ethers  containing  Diatomic  Alcohol-radicles. 

Amylenio  Trlsnlpbocarbonate,    ^c^II'^VV^**  obtained  by  the  action  of  an 

alcoholic  solution  of  amyleuic  bromide  on  tri8ulphr>c«irbonate  of  sodium,  is  a  somewhat 
viscid  liquid,  of  more  or  less  yellow-brown  colour,  and  specific  gravity  —  1*073. 
(Hiisemann,  Jahresb.  1862,  p.  434.) 

atbjlenlo  Trlsiilpbocarb:n«te,  CS.C'II^S^    (Huscmann,  Ann.  Ch.  Pharm. 
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CTxiii.  83;  Jahresb.  1861,  p.  651.)— Obtained  by  the  action  of  alcoholio  bromide  of 
Gthyleno  on  trisulphocarbonate  of  sodium.  It  is  but  slightly  soluble  in  alcohol,  and 
separates,  during  the  reaction,  as  a  thick  golden-yellow  liquid ;  and  by  dissolving  it 
in  ether  or  ether-alcohol,  and  leaving  the  eolation  to  evaporate,  it  is  obtained  in  laige, 
transparent,  yellow  crystals,  which  arc  combinations  of  a  rhombic  prism  with  a  riiombic 
octahedron  resting  on  the  prismatic  faces,  and  a  macrodome.  It  has  an  unpleasant 
alliaceous  odour,  dissolves  slowly  in  alcohol,  better  in  ether-alcohol  and  in  ether,  very 
easily  in  carbonic  disulphido,  benzol,  and  chloroform.  It  melts  at  dS'S***  and  when 
once  fused,  solidifies  again  but  slowly.    Specific  gravity  »  1*476. 

Ethylcnic  trisulphocarbonate  is  converted  by  ammonia  into  sulphopyanate  of  ammo- 
nium and  ethylcnic  sulpbydrate : 

Iloated  with  gulphydrate  of  potauium,  it  yields  ethylcnic  sulphydrate  and  potaasinm- 
trisulphocarbonate.  Chlorine  acts  strongly  upon  it,  producing  great  heat^  which 
causes  the  crystals  to  melt,  and  forming  a  dark-red,  very  fetid  liquid.  Moderately 
dilute  nitric  acid  removes  one-third  of  the  sulphur,  and  converts  the  ether  into 
ethylenic  disulphocarbonate  (infra) ;  but  fuming  nitric  acid  heated  with  it  as  long 
as  nitrous  fumes  are  evolved,  removes  the  whole  of  the  carbon,  as  weU  as  one-thiid 

of  the  sulphur,  and  converts  it  into  ethylene-sulphurous  acid,  /An^r.H'l^ 
(Buckton  and  Hofmann^s  disxdphetholic  add).    See  Suiphxtboits  Ethkbsl 

Bthylenio  Blsulpliocarbonate  or  Zantliateff  /QSTjA^fa*  (Hiisemann,  Ann. 

Ch.  Pharm.  cxxvi.  269.) — Ethylenic  trisulphocarbonate,  treated,  as  above  mentioned, 
with  moderately  dilute  nitric  acid,  yields  this  compound  as  a  white  crvstalline  mass, 
which,  after  pressure  between  paper,  crystallises  from  alcohol  in  long  tnin  rectangular 
tables.  It  distils  in  a  stream  of  hydrogen,  without  decomposition ;  is  insolnble  in 
water,  but  dissolves  easily  in  alcohol,  ether,  diloroform,  and  benzol ;  and  separates  from 
the  last  two  liquids  as  an  oil,  which  does  not  solidify  till  touched  with  the  cxystallised 
ether. 

ageUjylenio Triaulpliocarbonataf  CS.CH'.S'.  (Husemann,  Ann.  Ch.  Pharm. 
cxxvi.  269;  Jahresb.  1862,  p.  433.^ — ThiB  compound  separates,  on  gently  heating  an 
alcoholic  solution  of  methylenic  iocude  with  trisulphocarbonate  of  sodium,  as  an  amor- 
phous, yellowish-whita,  inodorous  powder,  which  is  insoluble  in  water,  and  is  eon- 
verted  by  fuming  nitric  acid  into  methylene-sulphurous  or  disnlphomeUiolic  add, 
(SO)«.CH«.H«.0*. 

Tiitjlenlo  or  Propylenlo  THsnlpliocarbonAtev  CS.C'H*.S*,  obtained  in  like 
manner  with  bromide  of  tritylene,  is  a  thick  brownish-yellow  liquid,  insoluble  in 
Water,  and  having  an  offensive  odour.  It  has  a  specific  gravity  of  1*31  at  20^ ;  cannot 
be  distilled  without  decomposition,  except  in  a  stream  of  hydrogen ;  is  converted,  by 
moderately  dilute  nitric  acid,  into  a  light-yellow  resinous  mass ;  by  the  strong  acid 
into  tritylcne-sulphurous  (disulphopropolic)  acid.     (Hiisemann.) 

Tetrylenlo  or  Bu^lenlc  Trlsalpbocarbonate,  CS.C'H*. S*,  obtained  in  like 
manner,  is  a  more  mobile  liquid,  having  a  somewhat  yellowish-brown  colour,  and  a 
specific  gravity  of  1  *26  at  20°.    (Hiisemann.) 

8UXJPSOCASBOVZVZC  ACD.  Syn.  with  ETHTL-DisuuraociJiBOinc  or  Xax- 
THic  Acid  (p.  498). 

SUXFHOCja'jrJtO  ACZB.  Syn.  with  Cettlsulphxtbic  Acm.  (See  Sulphubic 
£thbbs.) 

BUZiyBOCB&OSOBBHZAaiZBB.     C»H'CIN«S0«    «    (C'H«ClSO^r  ( jj,     ^ 

(CWCIO)^^^, 

(SO)"     Iq  .    fR.  Otto,  Ann.  Ch.  Pharm.  cxxiii.  216.) — ^An  amide  produced  by 

the  action  of  alcoholic  ammouia  on  sulphochlorobenzoic  chloride,  C'H'CISO'.CI'.  It 
forms  yellowish  crystalline  grains,  easily  soluble  in  absolute  alcohol  and  in  ether. 

SmbraOCBXiOSOBBVZOZC  JLCZB.  C'HKnso*    »    (C'HKJISO*)''^    Q,  ^ 

(CHKJIO)"! 

(SOy     >0* — (Otto,  loc,  cit.) — Produced  by  treating  monochlorobenzoic  acid  with 
H«       ) 
'phnric  anhydride.    The  viscid  mass  is  gently  warmed  with  a  little   ordinary 
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8TrXi»BOCTajrzC  ACXB.    CNHS  -  ^h(s  -  ^^(n.   Hydtomdphoeyanic 

Acid.  SvJjihocyanhydric  Acid.  Sidphocarbimide. — Sulphuretted  ChytLne  Acid  (Por- 
rett). — Schwrfelblauadurey  Blutsdure^  Andrazotkionsdure  (GrotthuB). — Rkodan^ 
wasserstoffsau re  (B  e  r z e  1  i  u  s). 

This  acid,  the  sulphur- analogue  of  cyanic  acid,  was  first  observed  byBncholz  in 
1799  (Beiirdge  zur  Eruuitemng  und  Berwhtiaung  dtr  Ckemie^  i.  88),  and  by  Rink 
(1804,  A.  Gehl.  ii.  460),  afterwards  more  distinctly  recognised  by  Porrett  (PhiL 
Trans.  1814,  p.  527),  determined  as  to  its  chemical  constitution  by  Berzelius 
(Schw.  J.  xxxi.  42),  and  further  examined  byWohler  (Gilb.  Ann.  lziz.271),  Liebiff 
(Ann.  Ch.  Pharm.  x.  9;  xxri.  174;  xxxix.  199;  1.  337;  liii.  330),  Parnell  (iWrf. 
xxxix.  178),  Volckel  {ihid.  xliii.  80),  and  others.  The  metallic  sulphocyanates  hare 
been  analysed  chiefly  by  Glaus  (J.  pr.  Chem.  xt.  401)  and  Meitzendorff  (Pogg* 
Ann.  Iri.  63). 

Occurrence. — Sulphocyanate  of  potassium  or  sodium  occurs  in  very  small  quantity 
in  the  saliva  of  man,  and  of  the  sneep  (L.  Gmelin).  Gobel  found  it  in  a  hnman 
salivary  calculus.  The  distilled  waters  of  certain  cruciferous  plants  (cochlearia,  mnstard, 
radish,  &c.)  give  with  ferric  salts  the  characteristic  reaction  of  sulphocjanic  add. 

Formation. — Sulphocyanic  acid  and  its  salts  are  produced  :  1.  By  the  direct  combi- 
nation of  cyanides  with  sulphur,  just  as  cyanates  are  formed  by  the  combination  of 
cyanides  with  oxygen  ;  e.g.^  by  the  calcination  of  cyanide  or  ferrocyanide  of  potassium, 
&;c.  with  sulphur,  or  by  boiling  a  Si'lution  of  potassic  cyanide  with  sulphur;  also  by 
calcining  azotised  charcoal  with  potassic  sulphate,  or  with  a  mixture  of  potassic  carbo- 
nate and  sulphur. 

2.  By  the  action  of  cyanogen -gas  on  monosulphides  or  persulphides.  In  the  former 
case,  a  cyanide  is  also  formed,  just  as  the  action  of  cyanogen  on  a  protoxide  gives  rise 
to  the  formation  of  a  cyanide  and  a  cyanate : 

ON  +  K«S     -     CNK  +   CNKS. 

In  the  case  of  a  disulphide,  the  action  is  one  of  simple  combination  ;  with  higher  sul- 
phides a  separation  of  sulphur  takes  place ;  thus : 

2CN   +   K'S^     =     2CNKS  ;    2CN   +   K^S*  =   2CNKS   +   S«. 

3.  By  the  reaction  of  certain  cyanides  with  metallic  persulphides;  e.g.,  mercurie 
cyanide  and  potassic  trisulphide  mixed  in  aqueous  solution : 

Hg-Cy'  +   K«S«     -     2CyKS  +   Hg"S. 

A  similar  reaction  is  produced  when  Prussian-blue  is  boiled  for  a  long  time  with 
potassic  liver  of  sulphur ;  also  when  aqueous  pentasulphide  of  potassium  is  mixed 
with  hydrocyanic  acid,  sulphydric  acid  being  then  evolved  and  sulphur  precipi- 
tated  * 

2HCy  +   K^S*     «     2CyKS   +   H"S  +   S«. 

In  like  manner  hydrocyanic  acid,  sulphur,  and  aqueous  ammonia,  to  which  a  small 
quantity  of  ammonium-sulphydrate  is  added  to  facilitate  the  solution  of  the  sulphur, 
yield  sulphocyanate  of  ammonium : 

HCy  -h   NH»   +  S     «     Cy(NH*)S. 

A  solution  of  hydrocyanic  acid  Faturatod  with  sulphydric  acid,  is  converted,  on  expo- 
sure to  the  nir,  into  sulphocyanic  acid,  in  proportion  as  the  hydrogen  of  the  sulphy- 
dric acid  is  taken  up  by  the  oxygen  of  the  air.  Hence  the  contamination  of  Yanque- 
lin's  prussic  acid  (prepared  by  decomposing  mercuric  cyanide  with  sulphydric  acid) 
with  sulphocyanic  acid. 

4.  By  the  action  of  carbonic  disulphide  on  alcoholic  ammonia,  the  two  liquids  being 
heated  together  in  a  scaled  tube: 

(CS)"S  +   Nn«     -     (CS)".H.N   +   H»S. 

6.  By  the  decomposition  of  aqueous  sulphocarbamic  acid  (p.  490) : 

(CS)-/N     ^     (CS)"  „  ^  _^ 

,  6.  By  the  action  of  alkalis  on  ethylic  sulphccarbamate  (xanthamide,  p.  49J  ) : 

These  last  three  reactions  indica'e  that  sulphocyanic  acid  has  the  constitution  of 
sulphocarbiraide  (p.  493). 

7.  When  animal  substances  are  charred  by  heating  with  oil  of  vitriol,  the  residue 
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on  being  subjected  to  a  stronger  heat,  yields,  amongst  other  products,  snlphocyanate  of 
ammonium.     (0.  Henr^,  J.  Chim.  m6d.  zzi.  301.) 

8.  Sulphocyanic  add  is  formed,  together  with  carbamide  (urea),  by  the  action  of 
sulphydric  acid  on  ammonio-cupric  fulminate.  (Gladstone,  Ann.  Ch.  Phanur 
Ixvi.  1): 

(NH«)«Cu''C*N*0*  +   3H^     -     2CN«H*0   +   2CNHS  +   2H«0  +   Cu'S. 

Ammuoio-cupric  Carbamide.         Sulphocyanic 

fulminate.  acid. 

9.  Sulphocyanic  acid  is  formed  in  certain  decompositions  of  volatile  oil  of  mustard 
(allyl-sulphocyanic  ether). 

Preparation. — Sulphocyanic  acid,  or  hydric  snlphocyanate,  is  separated  from  the 
metallic  sulphocyauates  by  the  action  of  stronger  acids.  It  may  be  obtained  in  the 
anhydrous  state  by  heatins  dry  mercurous  snlphocyanate  in  a  stream  of  sulphydric  or 
hydrochloric  acid  gas  ;  and  in  aqueous  solution  by  the  same  reaction,  the  mercurous 
cyanide  being  suspended  in  water, — or  by  decomposing  the  barium-salt  with  an  exactly 
equivalent  quantity  of  sidphuric  acid. 

Pro^tua. — Anhydrous  sulphocyanic  acid  is  a  colourless  liquid,  which  crystallises  at 
12*5^  in  six-sided  prisms.  It  boils  at  85°  (Artus),  at  102*5°  (^ogel),  has  a  pungent 
odour  like  that  of  acetic  acid,  reddens  litmus  strongly,  and  has  a  Tery  acid  taste. 
The  aqueous  solution  exhibits  similar  properties. 

Decompositions. — 1.  The  anhydrous  acid  is  very  unstable,  and  is  quickly  resolved 
into  hydrocyanic  and  persulphocyanic  acids  (iv.  378) : 

3CSHN     -     CHN   +   CrH«N«S^. 

The  aqueous  solution  decomposes  slowly  in  the  cold,  quickly  when  heated,  partly  into 
carbonic  dioxide,  carbonic  disulphide,  and  ammonia : 

2CSHN  +   2H20     =     C0«  +   CS«  +   2NH»; 

partly  into  carbonic  dioxide,  sulphydric  add,  and  ammonia: 

CSHN   +   2H»0    =     C0«  +   H«S  +   NH»; 

partly  also  in  the  same  manner  as  the  anhydrous  acid,  yielding  a  solution  of  hydro- 
cyanic acid  and  a  yellow  precipitate  of  pertiulphocyanic  acid.  In  consequence  of  this 
last  decomposition,  sulphocyanic  add  acts  poisonously,  like  hydrocyanic  acid.  All 
these  reactions  are  accelerated  by  boiling  the  sulphocyanic  acid  with  concentrated  acids. 
Sulphocyanic  acid  saturated  with  sulphydric  acidy  yields  after  a  while  carbonic 
disulphide  and  ammonia. — With  chlorine  and  nitric  acid,  it  yields  a  yellow  precipitate 
of  persulphocyanogen  (iv.  380). — Gently  heated  with  metallic  trine,  it  gives  off  sulphy- 
dric add ;  more  slowly  with  iron. 

Metallic  Sulplioojanates.     Sulphocyanides.    Rhodanides.—  SvlTiiiocYanic  acid 

is   monobafiic,   forming,  with  monatomic  metals,   salts  represented  by  the  general 

CV )  (CSV' ) 

formula   xc  [  S  or  ^   ^  v  N.    The  sulphocyanates  are  for  the  most  part  soluble  in 

water  and  in  alcohol.  They  are  decomposed  by  the  stronger  acids,  with  elimination 
of  sulphocyanic  acid,  which  then  generally  undoigoes  further  decomposition.  Ck)ld 
dilute  acids,  however,  exert  this  action  only  on  sulphocyanates  corresponding  to 
sulphides  which  are  decomposed  by  the  same  acids :  thus  they  do  not  decompose  the 
sulphocyanates  of  mercury,  copper,  and  silver. — Nitric  acid  and  chlorine  decompose  the 
solutions  of  sulphocyanates,  precipitating  persulphocyanogen.  All  sulphocyanates  are 
decomposed  by  heat,  more  or  less  strong,  into  nitrogen,  cyanogen,  carbonic  disulphide, 
and  metallic  sulphide.  Calcined  with  potassic  hydrate,  they  give  off  carbonate  of 
ammonium. — Sulphocyanatc  of  potassium  ignited  with  metallic  iron,  yields  sulphide 
of  iron  and  cyanide  of  potassium. 

Soluble  sulphocyanates  give,  with  a  mixture  of  cupric  9iid  ferrous  sulphates,  a  white 
precipitate  of  cuprous  snlphocyanate  insoluble  in  water;  they  also  give  white  pre- 
cipitates with  mercurous,  argentic,  and  auric  salts. — With  ftrric  salts  they  give  no 
predpitate,  but  a  blood-red  coloration,  or  reddish-yellow  in  case  of  very  great  dilution. 
The  reaction  is  extremely  delicate.  A  piece  of  ordinary  paper  held  over  a  solution  of 
potassic  snlphocyanate  mixed  with  concentrated  hydrochloric  add,  becomes  reddened 
by  the  action  of  the  evolved  sulphocyanic  acid  on  the  small  quantity  of  iron-salt  con- 
tained in  it.  The  red  colour  of  ferric  snlphocyanate  may  be  distinguished  from  that 
of  other  ferric  salts  by  two  characters:  1.  It  is  not  turned  yellow  by  addition  of 
hydrochloric  acid,  even  in  large  quantity. — 2.  On  immersing  a  piece  of  zinc  in  the  liquid, 
sulphydric  acid  is  given  off,  and  may  be  detected  by  its  power  of  blackening  a  strip  of 
paper  impregnated  with  solution  of  lead-acetate. 

SuLPHOcTANATB  of  ALUMINIUM  is  a  gummy  mass,  the  solution  of  which  ij) 
decomposed  by  evaporation. 
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SuLPHocYAKATEOPAMMoifiuiff,NH*CNS  «  NH*CyS.— This Salt  iBobtaiDed r 
1.  By  decomposing  the  cupric  salt  with  wilphydrate  of  ammonium,  and  eraporating  the 
filtrate. — 2.  By  mixing  hydrocyanic  acid  with  polysulphide  of  ammonium  (a  solution 
of  sulphur  in  sulphydrate  of  ammonium),  and  separating  the  resulting  sulpbocyanate 
of  ammonium  from  precipitated  sulpliur  by  water  or  alcohol.  (This  mode  of  forma- 
tion is  employed  as  a  test*  for  hydrocyanic  acid,  ii.  219).  The  prussic  acid,  prepared 
by  distilling  180  pts.  potassic  ferrocyanide  with  90  pts.  strong  sulphuric  acid  and 
40  pts.  water,  is  digested  with  the  sulphide  of  ammonium  obtained  by  saturating  60  pts. 
aqueous  ammonia  of  specific  grayity  0*95  with  sulphydric  acid,  adding  60  pts.  more  of 
the  ammonia-solution  and  60  pts.  sulphur ;  the  mixture  is  boiled  till  the  whole  of  the 
ammonium-sulphide  is  decomposed  with  precipitation  of  sulphur ;  and  the  liquid  is 
filtered  and  evaporated.  The  product  amounts  to  40 — 50  pts.  of  dry  sulphocyanata 
of  ammonium.     (Liebig.) 

3.  By  treating  carbonic  disulphide  with  excess  of  ammonia : 

CS»  +  4NH«  »  (NH*)CSN  +  (NH<)^. 

A  mixture  of  1500  c.c.  aqueous  ammonia  [of  what  strength?]  and  200  c^.  carbonic 
disulphide  and  1500  e.c.  alcohol  of  86  per  cent,  is  distiUed  down  to  one-half,  after 
standing  for  24  hours;  the  residual  liquid  is  evaporated  to  thecrystallisinf-pouit :  and 
the  sulphocyanate  thus  obtained  is  purified  by  one  reciystalliaation.  1^  alcoholie 
distillate,  which  contains  a  large  quantitT  of  ammonhun-sulphide,  ma^  be  lued  for  a 
second  and  even  a  third  preparation.     (Mi lion,  J.  Pharm.  [3^,  xxxriii.  401.) 

For  preparation  on  the  large  scale,  G-^lis  has  patented  a  similar  proeees,  in  which, 
however,  the  use  of  alcohol  is  avoided,  and  the  carbonic  disulphide  is  made  to  act  upon 
a  mixture  of  concentrated  ammonia  and  sulphide  of  ammonium,  the  materials  being 
mixed  in  the  cold,  and  a  small  quantity  of  fixed  oil  (amounting  to  2  or  3  per  cent,  of 
the  carbonic  disulphide)  added,  to  form  an  emulsion  with  the  ammonia  and  facilitate 
the  admixture.  An  ammoniacal  solution  of  annnonium-sulphocarbonate  is  thus  formed, 
which,  after  separation  from  the  layer  of  oil  which  floats  on  its  surface  (to  be  used  in 
a  subsequent  operation),  is  subjected  to  distillation.  The  sulphoearbonate  of  ammonium 
is  thereby  resolved  into  sulphocyanate  of  ammonium  and  sulphydric  acid : 

(NH«)»CS»     =     (NH*)CNS  +   2H«S; 

the  former  remaining  in  the  retort,  while  the  latter  passes  over,  together  with  excess  of 
ammonium-sulphide,  and  may  be  condensed  in  a  receiver  containing  aqueous  ammonia, 
thereby  supplying  material  for  future  operations. — The  sulphocyanate  of  ammonium 
thus  obtained  is  easily  converted  into  omer  sulphocyanates  by  distillation  with  fixed 
bases.  (lUp.  Chim.  App.  1862,  p.  146 ;  see  also  Sulfhoctanatb  of  PoTASsnnc, 
p.  613.) 

4.  Together  with  mercaptan,  by  the  action  of  alcoholic  ammonia  on  ethylic  trisul- 
phocarbonato  (H  ii  s  e  m  a  n  n) : 

(C*H»)»CS»   +   2NH«  =  (NII<)CNS   +   2C«H«S. 

Sulphocyanate  of  ammonium  crystallises  in  colourless  deliquescent  plates,  which  are 
very  soluble  in  water  and  in  alcohol,  melt  at  147°,  and  decompose  at  a  higher  temper- 
ature, giving  off  carbonic  disulphide,  sulphydric  acid,  and  ammonia,  and  leaving  a 
residue  of  m  el  am,  which  is  finally  converted  into  hydromellone.  According  to 
Lie  big's  formula  (iii.  865,  874): 

8(NH*)CNS     «     2CS«  +   4H^S   +   6NH«  +   C«N'»H». 

Solphocyanate  Melam. 

of  amraonium. 

and 

Melam.  Hjdromellone. 

Sulphocyanate  of  Barium,  Ba''Cy*S*.2H*0,  crystallises  in  long,  shining; 
deliquescent  needles,  very  soluble  in  water  and  alcohol,  and  containing  12'4  per  cent, 
water,  which  they  give  off  between  160°  and  170°. — A  compound  of  this  salt  with 
mercuric  cyanide,  Ba"Cy^S*.H^'Cy^  separates  in  small  nacreous  laminae,  fh>m  a  warm 
solution  of  the  component  salts.     (Bo  c  km  an  n,  Ann.  Ch.  Pharm.  xxii  153.) 

SuLPHOCTANATK  OF  BisHUTH,  Bi"'Cy*S',  is  a  yellow  powder. 

Sulphocyanate  OF  Cadmium,  CdXy'S*,  forms  shining,  colourless,  anhydrous 
crystals,  slightly  soluble  in  water.  Ammonia  dissolves  them,  and  the  solution  yields 
crystals  of  cadmamTnonium-sulphocyanate,  (N*HH)d'')"Cy'S*,  which  are  decomposed  by 
water. 

Sulphocyanate  of  Calcium,  Ca"Cy'S*.3HH3,  forms  deliquescent  needles,  very 
soluble  in  water  and  in  alcohol.— The  compound  Ca"Cy*S*.Hg"Cfy',  obtained  like  the 
corresponding  barium-salt,  forms  shining  white  laminae.    (Bockmann.) 

Chromic  Sulphocyanate,  Cr"'Cy'S\ — Chromic  hydrate  dissolves  easily  ib 
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When  a  solution  of  auric  chloride  neutralised  with  acid  potassium-carbonate,  i^ 
added  to  a  solution  of  potassium-sulphocyanate  kept  in  excess,  a  balkj  orange-red 
precipitate  is  formed,  consisting  of  potassio-auric  mlphocyanatet  KAu'"C3r^S*  « 
K.CyS.Au"'Cy*S*.  On  heating  the  liquid,  the  precipitate  dissolves,  and  partly  separates 
on  cooling  in  orange-rod  needles  of  unaltered  composition  :  the  greater  part,  howerer, 
remains  in  solution,  and  decomposes  on  evaporation,  with  reduction  of  metallic  gold 
and  evolution  of  sulphocyanic  acid,  so  that,  finally,  chloride  of  potassium  and  potas(«io- 
aurous  sulphocyanate  crystallise  out.  The  precipitate  of  potassio-auric  snlphocyanate 
is  decomposed  by  water,  and  dissolves  in  alcohol  and  in  ether.  The  alcoholic  solution, 
mixed  with  hydrochloric  acid,  deposits  after  a  while  copper-red  needles ;  soda  deco- 
lorises the  solution,  and  separates  a  black-blue  powder;  ammonia  causes  the  forma- 
tion of  white  needles ;  ferric  chloride  colours  the  solution  blood-red ;  other  metallic 
salts  form  dark-coloured  precipitates. — Potass io-aurons  sulphocyanate^  KAu'Cy^, 
is  most  readily  obtained  by  mixing  a  solution  of  potassium-sulphocyanate,  warmed  to 
80^,  with  small  quantities  of  neutral  auric  chloride,  as  long  as  tne  red  precipitate 
disappears  on  stirring.  The  salt,  separated  by  evaporation  and  purified  by  reciystalli- 
sation,  forms  long,  straw-yellow,  truncated  prisms,  which  melt  at  1(H)^,  and  are 
resolved  into  sulphur,  carbonic  disulphide,  metallic  gold,  and  sulphocyanate  of  potas- 
sium. The  aqueous  solution,  mixed  with  hydrochloric  acid,  sometimes  deposits  copper- 
red  needles;  it  forms  white  precipitates  with  ammonia,  ferric  chloride,  mercuric 
chloride,  argentic  nitrate,  and  neutral  plumbic  acetate;  yellow-brown  with  cupric 
sulphate ;  black-brown  with  stannous  chloride  ;  black  with  mercurons  nitrate. — It  is 
coloured  red  by  ferrous  sulphate,  with  precipitation  of  gold ;  brown  by  sulphydrie 
acid ;  it  blackens  slowly  on  exposure  to  light. — The  precipitate  formed  by  ammonia, 
NH*.AuCyS,  gradually  decomposes  and  turns  black  ;  hot  water  abstracts  ammonia 
from  it,  leaving  a  green  powder.  (P.  T.  Cleve,  KongL  Vetenskap.  Akad.  Forhaod- 
lingar,  xx.  283 ;  Juhresb.  1855,  p.  295.) 

SuLPHocYANATES  OF  I  RON. — The  ferro  US  Salt  is  soluble,  of  pale-green  ooloar, 
and  very  unstable. 

The  ferric  salt  is  blood-red,  nearly  black,  deliquescent,  soluble  in  water  and  in 
alcohol.  The  blood-red  colour  of  this  salt  is  produced  whenever  a  sulphocyanate  is 
mixed  with  a  ferric  salt.  It  is  destroyed  by  alkalis  which  precipitate  ferric  oxide ; 
also  by  many  acids  (e.g.  phosphoric,  arsenic,  iodic,  oxalic),  even  in  small  quantity ;  bat 
restored  by  addition  of  a  ferric  salt ;  hydrochloric  acid,  even  when  concentratea,  does 
not  decolorise  the  liquid  ;  nitric  acid,  on  the  other  hand,  decomposes  the  sulphocyanate, 
and  destroys  the  colour  (p.  505). 

SuLPHocTANATES  ofLead.— The  ntutral  salt,  Pb"Cy*S*.  is  gradually  deposited 
in  opaque  shining-yellow  crystals,  on  mixing  a  solution  of  lead-acetate  with  sulphocya- 
nate of  potassium.  The  crystals  are  monoclinic,  exhibiting  the  dominant  combination, 
+  P  .  -3P.  oP  .  c»P2  .  +3Poo.  Angle  c»P2  :  c»P2  (clinod.)  -  120<»38'; 
oP:oeP2  =  lU0  31';oP:  +P«  116°65' ;  oP: -3P  =  119°  3';  oP:  3Poo  -  87^45'. 
Axes,  a  :  6  :  c  «  0923  :  11162  :  1.  Angle  b  :  c  ^  65°  20'.  Specific  gravity  of 
crystals  «  3*82.  The  salt  is  but  slowly  decomposed  by  sulphydrie  acid.  It  is  insoluble 
in  water,  but  boiling  water  converts  it  into  a  basic  salt,  Pb''Cy*S*.Pb'^K)*.  The  latter 
IS  likewise  obtained  on  mixing  sulphocyanate  of  potassium  with  ammoniacal  plumbic 
acetate,  or  with  the  basic  acetate,  as  a  white  curdy  precipitate,  becoming  yellowish 
and  pulverulent  when  dry. 

Sulphocyanate  of  Magnesium,  Mg"Cy*S^4H*0.— Confused  crystals,  very 
soluble  in  water  and  in  alcohol.  The  compound  Mg"Cy*S*.Hg"Cy*,  prepared  like  the 
corresponding  barium-salt,  is  a  white  crystalline  powder.     (Bockmanu.) 

Sulphocyanate  of  Manganese. — Very  soluble. 

Sulphocyanate  sofMercu  by.— The  mercurous  salt,  Ilg'CyS,  is  a  white  pre- 
cipitate, formed  on  mixing  mercurous  nitrate  with  sulphocyanate  of  potassium  (Woh- 
ler);  according  to  Claus,  the  solutions  should  be  very  dilute.  The  dry  precipitate 
swolLs  up  suddenly  when  heated,  giving  off  nitrogen,  carbonic  disulphide,  and  vapour 
of  mercury,  and  leaving  a  grey  mass  resembling  graphite,  which  by  calcination  is  con- 
verted into  mellone.  On  account  of  this  property,  the  salt  is  used  for  the  preparation 
of  the  toys  called  "  Pharaoh's  serpents."  It  is  resolved  by  boiling  water  into  metallic 
mercury  and  mercuric  sulphocyanate. 

The  mercuric  salt,  Hg"Cy-8*,  is  obtained  as  a  whito  precipitate,  composed  of  anhy- 
drous needles,  on  mixing  mercuric  chloride  with  sulphocyanate  of  potassium;  it  is  very 
slightly  soluble  in  water,  moderately  soluble  in  alcohol  (Crookes).  A  solution 
of  mercuric  oxide  in  sulphocyanic  acid  yields,  by  evaporation,  needles  containing 
trater  (Berzelius).— An  oxt/sulphocyanatej  Hg''Cy*S*.2Hg''0,  is  obtained,  by  adding 
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ammonia  to  the  solation  of  mercuric  solphocyanate,  as  a  lemon-yellow  powder,  which 
decomposes  quickly  at  180^,  and  leaves  mellone  when  calcined. 

Mercuric  sulpho<nranate  forms  several  double  salts,  which  have  heen  examined  chiefly 
by  CI  ere  (Kongl.  Yetenskap.  Akad.  Forhandlingar,  rrii.  9  ;  J.  pr.  Chem.  xci.  227). 
—The  co^a/^^a/^  Hg''Co'Cy*S»  «  Hg"Cy«S«.Co"Cy*S*,  is  formed  by  direct  union  of 
its  component  salts,  or  by  gradually  adding  mercuric  cyanide  to  a  solution  of  cobaltous 
sulphocyanate  acidulated  with  sulphocyanic  acid,  separates  in  indigo-blue  four-sided 
prisms,  permanent  in  the  air,  slightly  soluble  in  water  and  in  dilute  hydrochloric  acid, 
easily  in  nitric  acid.  The  same  compound  is  sometimes  also  formed  (together  with  the 
yellow  salt,  Hg''Cy'.Co*Cy*S*.4H*0),  on  mixing  mercuric  cyanide  with  sulphocyanate 
of  cobalt. — The  ferrous  saltf  Hg"Fe"Cy*S*,  separates,  from  a  mixture  of  mercunc  sul- 
phocyanate and  ferrous  chloride  left  for  some  time  in  a  vacuum,  as  a  brown  crystalline 
powder,  permanent  in  the  air. — The  nickel-salt,  Hg''Ni''Cy^S*.2H*0,  separates  from  a 
mixture  of  the  component  salts,  in  small  sky-blue  needles,  which'dissolve  readily  in  hot 
water,  and  give  off  their  water  of  crystallisation  at  120°.  Zinc- mercuric  sulphocytk- 
nate,  Hg''Zn'Cy^S\  is  formed,  on  mixing  mercuric  sulphocyanate  with  a  zinc-salt,  as 
a  white  precipitate,  nearly  insoluble  in  cold  water.     (Cleve.) 

A  potassio-mercuric  sulphocyanate,  Hg"KCy'S*  =?  Hg''Cy"S'.KCvS,  is  prepared  by 
triturating  mercurous  chloride  with  a  strong  solution  of  potassium-sulphocyanate. 
The  liquid,  filtered  from  the  black  magma  thus  produced,  yields  by  evaporation  a  mix- 
ture of  yellow  tables,  cubes,  and  octahedrons,  easily  separated  by  mechanical  selection. 
The  yellow  tables,  which  constitute  the  potassio-merciuric  sulphocyanate,  am  purified  by 
crystallisation  from  boiling  alcohol,*  whence  the  salt  separates  in  radiate  groups  of  white 
nacreous  needles.  It  dissolves  sparingly  in  cold,  more  easily  in  hot  water;  very  easily 
in  aqueous  chloride  of  ammonium  or  potassium  ;  easily  in  alcohol,  especially  at  the 
boiling  heat ;  also  in  ether.  Ammonia  added  to  the  aqueous  solution  throws  down  the 
oxysulphocyanate  above  described.     (C  laus,  J.  pr.  Chem.  xv.  407.) 

SuLPHOCTANATB  OF  NiCKEL  is  obtained,  as  a  yellow  crystalline  powder,  by 
evaporating  the  green  solution  of  nickel-oxide  in  sulphocyanic  acid.  It  dissolves  in 
ammonia,  forming  a  blue  liquid,  which  yields  blue  efflorescent  crystals,  (N*H*Ni') 
C}*S^2NH*,  decomposible  by  water. 

SuLPHOCYAXATB  OF  Pa L LAD iTM  Is  easily  solublc  in  Water. 

SuLPHOCTANATES  ofPlatinum. — Plotinic  sulpkoci/anate  dots  not  appear  to  be 
known  in  the  separate  state. — The  plat inous  salt,  Pt"Cy'S^  probably  constitutes  the 
red  or  brown  non-crystalline  substance  obtained  by  decomposing  one  of  the  following 
double  salts  with  chlorine  or  nitric  acid ;  e.  g.,  with  chlorine  and  sulphocyanate  of  po- 
tassium : 

K*Pl"CyS«  +   llCP  +   ICH'O    -    Pt'Cy'S'    +    2KnS0*  +   2H«S0*  +   22HC1 

-fiHCy. 

It  is  insoluble  in  water  and  in  alcohol,  is  not  attacked  by  potash,  but  is  coloured 
yellow  by  ammonia.  It  gave  by  analysis  8*53  and  8*72  per  cent,  carbon,  9*92 
nitrogen,  1877  sulphur,  62*27  and  62*02  platinum,  besides  0*39  and  1*5  hydrogen, 
the  formula  PtCy*S*  requiring  7'64  carbon,  8*93  nitrogen,  20*88  sulphur,  and  63*06 
platinum. 

Dovhle  Salts  of  the  Ttatinum-sulphocyanatrs.  (G.  B.  B nekton,  Chem.  Soc.  Qu.  J. 
vii.  22.) — The  sulphocyanates  of  platinum  form  two  series  of  double  salts,  called  sul- 
phocyanoplatinites  and  sulphocyanoplatinates,  analogous  to  the  chloro- 
platinites  and  chloroplatinates,  and  represented  by  the  following  general  formulte,  M 
denoting  a  monatomic,  and  N  a  diatomic,  metal : 

SulphocyanoplaUnites     .        .        .     ^!|Pt"Cy*S«    =    ^^^  ^s«  ( "^^ '^^'^• 
Sulphocyanoplatinates    .         .         .     ^^'|Pt"Cy«S«   -  ^'!?^>;|,|Pl«'Cy'S'. 

The  potassium-salts  are  formed  by  the  action  of  potassic  sulphocyanate  on  platinous 
and  platinic  chloride  respectively.  The  salts  of  the  alkali-metals  and  alkaline  eanh- 
metals  are  soluble  in  water ;  those  of  the  heavy  metals  are  insoluble,  and  are  formed  by 
double  decomposition.  All  these  salts  are  strongly  coloured,  exhibiting  various  e^hades 
of  colour,  from  light-yellow  to  dark-red.  They  are  quickly  decomposed  by  heat,  emitting 
a  peculiar  odour.  Ammonia  attacks  the  salts  of  both  series,  forming  sulphocyanate  of 
platosammonium  (p.  513).  Their  decomposition  by  chlorine  and  by  nitric  acid  haa 
been  mentioned  above. 

The  following  table  exhibits  the  reactions  of  the  soluble  salts  of  the  two  series  with 
various  metallic  solutions : — 
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Reagentf. 

SulphocyanopUtinile*. 

Sulphocjacoptaiinatet. 

Neutral  Lead-salts  . 

No  change 

Soluble  golden  laminae 

Basic  Lead-suits 

Pale-yellow  precipitate 

Fine  red  precipitate 

Ferrous  salts   . 

No  change 

Black  shining  grains 

Cobalt-salts     . 

No  change 

Orange-red  precipitate 

Cuprous  salts  . 

Purplish-black  precipitat>e'. 

Kich  brown  precipitate 

Cupric  salts     . 

Purplish-black  precipitate . 

Brick-red  precipitate 

Mercurous  salts 

No      precipitate :       liquid 

Orange  precipitate               ^ 

changes     colour      when 
heat^  .... 

Silver-salts 

Pale-yellow  precipitate 

Ked  or  orange  precipitate 
Salmon-coUmred      precipi- 

Auric salts 

Salmon-coloured     procipi- 

tato       .... 

tate 

Salts  of  Flatosamine 

Fine  yellow  precipitate 

Copious  orange  precipitate 

Salts  of  Diplatosamine    . 

Flesh-coloured  precipitate . 

Fine  vermilion-TCd  precifn- 

tate 
No  precipitate 

Chromic  acid  . 

Copious  reddish  precipitate, 

with  evolution  of  hydro- 

cyanic acid    . 

Forrocyanidn     of    Potas- 

Nearly white  precipitate  on 
boiliug  .... 

Prussian-blue    formed   on 

sium      .... 

boiling 

1.  Sulphocyanoplaiimtes,  M'Pt'XCyS*)*. 

Ilydric  Stdp?ioci/anopiatinite  or  Sidphocyanoplatinous  Acid,  H*Pt"Cy*S*. — Obtained 
by  cautiously  decomposing  sulphocyanoplatinite  of  barium  with  dilute  sulphuric  acid. 
The  aqueous  solution  is  speedily  decomposed  by  evaporation,  even  in  vacuo,  the  sul- 
phur being  oxidised  at  the  expense  of  the  water.  The  chief  products  of  the  decompo- 
sition are  snlphocyanic  acid  and  a  red  or  yellow  deposit  rich  m  platinum. 

Sidphocyatioj^atinite  of  Potassium. — Obtained:  1.  By  dissolving  platinous  diloride  in 
sulpbocyanate  of  potassium,  the  solution  being  attended  with  considerable  rise  of  tem- 
pemture. — 2.  Better,  by  the  action  of  sulpbocyanate  of  potassium  on  chloroplatinate  of 
potassium,  the  sulpbocyanate  being  in  excess.  As  sulphocyanophitinite  of  potassium 
18  extremely  soluble,  and  does  not  crystallise  well  by  evaporation,  it  is  best  to  use  the 
sulpbocyanate  of  potassium  in  the  form  of  a  concentrate  solution,  and  to  add  the 
platinum- salt  by  small  quantities  at  a  time,  so  as  to  avoid  too  great  a  rise  of  tempera- 
ture. The  liqmd  on  cooling  deposits  a  mass  of  small  needles,  which  must  be  purified 
from  chloride  of  potassium  by  solution  in  strong  alcohol,  from  which  again  the  salt  is 
best  recovered  by  spontaneous  evaporation.  The  crystals  aro  then  pressed  between 
paper  to  remove  the  excess  of  sulpbocyanate  of  potassium,  and  the  salt  once  more  crys- 
tallised from  an  aqueous  solution. 

It  forms  stellar  groups  of  crystals,  which  when  examined  by  the  microscope  appear 
like  six-sided  prisms  of  a  fine  red  colour.  They  dissolve  readily  in  2^  pts.  of  water  at 
16-5°,  and  are  soluble  to  any  extent  in  warm  alcohol.  The  solution  of  the  puie  salt 
is  orange-red ;  a  port-wine  colour  denotes  impurity.  The  crystals  are  not  deliquescent, 
and  when  perfectly  dry,  do  not  appear  to  be  affected  by  a  temperature  of  100**.  The 
salt  is  decomposed  by  ammonia,  yielding  sulpbocyanate  of  platosammonium  which 
crystallises  out,  and  sulpbocyanate  of  potassium  which  remains  in  solution. 

l^lphocyanoplatinite  of  Silver,  Ag'Pt"Cy*S*. — Curdy  precipitate,  somewhat  resem- 
bling sulphocyanate  of  silver,  partially  soluble  in  ammonia,  with  decompositioB.  It 
dissolves  in  sulphocyanate  of  potassium,  but  the  solution  is  decomposed  by  water. 

Tdrammonioplaiinous   Sulphoct/anoplaiinite^    ^  p/^P  casfi  OJf  Sulphoeyano- 

rN-H*rNn*'i'Pt"^"  I 
platinite  of  Dtamino-platoso-diammonium,  ••         ^        ^     pJ ,  [  Cy^S*. — Obtained,  as  a 

bulky  flesh-coloured  precipitate,  by  decomposing  the  chloride  of  diplatosammoninm 
with  a  soluble  sulphocyanoplatinite. — Heated  on  platinum-foil,  it  gives  off  ammo- 
niacal  gas,  fuses  into  a  black  bubbling  mass,  and  then  bums  like  tinder,  leaving 
bright  spongy  platinum.  It  is  quite  insoluble  in  water  and  in  alcohol,  but  dilute 
hvdrochloric  acid  dissolvos  it  rather  freely.  It  is  polymeric  with  sulphocyanate  of 
platosammonium  (p.  513). 

2.  Stdphoci/anoplaiinates, 

SxdphocyanopJatinic  Acid,  Il'Pt'»Cy*S*. — Obtained  by  precipitating  a  warm  and 
concent nit<xi  solution  of  the  lead-salt  with  sulphuric  acid.    The  filtered  liquid  is  of  a 
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potassinm  is  deposited,  and  the  liquid  retains  in  solution  sulphate,  sulphocyaoate  of 
potassium,  and  cyanide  of  potassium : 

3K'rt'-Cy«S«   i-   4K2CO»    -    3K«Pt"Cy«S^  +  K»SO«  +   6KCyS  +   KCy   +    4CX)«. 

— 8.  A  pure  solution  of  potassic  8ulphocyanoplatinat«  doe*  not  produce  a  blood-red 
colour  with  ferric  salts ;  but  the  mixture  becomes  nearly  black  and  opaqae  when 
heated,  from  formation  of  a  substance  which  separates  in  heavy  lustrous  g^ina. 

Sulphoct/anoj)latinate  of  Sodium,  obtained  by  precipitating  the  lead-salt  with  sul- 
phatp  of  sodium,  crystallises  readily  in  broad  garnet-coloured  tables,  soluble  Id  water 
and  in  alcohol. 

Sulphoctfanoplatinate  of  Barium, — Prepared  by  dissolving  3  pts.  of  the  dry  potas- 
sium-Siilt  in  an  aqueous  solution  of  1  pt.  of  chloride  of  barium  (or,  as'  an  excess  of  the 
latter  is  desirable,  9  pts.  K*PtCy*S*  to  4  pts.  BaCl*),  evaporating  the  solution,  and 
extracting  with  alcohol. — Crystallises  in  long  flattened  prisms  of  a  deep-red  colour, 
and  often  of  considerable  size.     Not  so  stable  as  the  potassium-salt. 

Cupric  SuJphocifanoplatinaU. — Precipitated  on  mixing  a  solution  of  the  potassium- 
salt  with  cupric  sulphate.  Exhibits  a  brick-dust  colour  when  first  precipitated,  but 
changes  at  a  boiling  heat  to  a  black  insoluble  powder.  Forms  a  fine  green  solution 
with  ammonia,  but  on  the  addition  of  hydrochloric  acid,  the  copper-salt  is  icproduced, 
with  d.-irk-brown  colour. 

Suiphoci/anoplatinates  of  Iron. — o.  FcrrovB  salt,  Fe''Pt'''Cy*S*. — Obtained  by  adding  a 
slightly  acidulated  solution  of  ferrous  sulphate  to  a  concentrated  solution  of  potassic 
sulphocyanoplatinate.  Black  cryytalline  precipitate,  which,  when  examined  by  the 
microscope,  is  seen  to  be  composed  of  shining  six-sided  lamins  with  rounded  edges. 
It  is  not  affected  by  dilute  sulphuric,  hydrochloric,  or  nitric  acid ;  but  strong  nitric  acid 
dissolves  it,  with  formation  of  sulphuric  acid.  Cold  solution  of  potash  converts  it  into 
ferric  oxide  and  a  yellow  liquid  containing  platinum  and  sulphocyanic  acid.  It  is  in- 
soluble in  water  and  in  alcohol. 

/3.  Ferric  5«//.— Prepared  in  like  manner  with  ferrous  salt,  but  not  precipitated 
till  the  mixture  is  boiled.     Besembles  the  ferrous  salt. 

Sulphocyanoplatinatea  of  Leud. — o.  Neutral^  Ph'Tt^'^Cy'S*. — Precipitated  in  the 
form  of  brilliant  golden  hexagonal  plates,  on  mixing  the  concentrated  solutions  of 
neutral  acetate  of  lead  and  sulphocyanoplatinate  of  potassium.  Soluble  in  alcohol; 
less  soluble  in  cold  water,  with  which  it  may  be  washed ;  cannot  be  aystallised  from 
hot  wat<'r  without  decomposition. 

fi.  Basic,  Pb"O.Pb"Pt''Cy"S*. — Obtained  as  a  brilliant  red  precipitate,  on  mixing  the 
concentrated  solutions  of  potassic  sulphocyanoplatinate  and  basic  lead-acetate.  Inao* 
luble  in  water ;  readily  soluble  in  dilute  nitric  and  in  acetic  acid. 

Mcrcurous  Sidphocyanoplatinace,  Hg^PL^^Cy'S*. — Heavy  curdy  precipitate,  obtained 
by  adding  mercurous  nitrate  to  sulphocyanoplatinate  of  potassium.  Its  colour  is  deep 
orange  at  first,  but  changes  to  a  pale  primrose-yellow  when  the  liquid  is  heated  to  the 
boiling-point.  In  the  dry  state,  it  bears  a  considerable  degree  of  neat  without  altera- 
tion. Heated  in  the  air-bath  to  between  140°  and  150°,  it  suddenly  swells  up  into  a 
substance  having  a  peculiar  metallic  and  arborescent  appearance,  somewhat  like 
coarse  tea,  and  emits  a  jet  of  spontaneously  inflammable  gas.  No  further  change  is 
observed  till  the  temperature  rises  to  250° ;  but  at  a  heat  below  redness,  mercurial 
vapours  and  cyanogen-gas  are  liberated ;  and  finally  the  mass,  if  exposed  in  an  open 
crucible,  burns  away  like  tinder,  leaving  a  residue  of  platinum.  The  salt,  when 
subjected  to  dry  distillation,  in  a  retort,  yields  a  mixture  of  nitrogen-gas  and  vapour 
of  carbonic  disulphide. 

8ulphocyanoplat%nate  of  Silver,  Ag'Pt'^Cy*S*. — Prepared  by  decomposing  a  solu- 
tion of  the  potassium-salt  with  nitrate  of  silver.  Heavy,  curdy,  deep  orange-coloured 
precipitate,  which  shrinks  and  agglutinates  into  a  tenacious  mass  when  boiled  with 
water,  but  hardens  again  on  boiling.  The  dry  salt,  when  gently  heated,  swells  up 
considerably,  and  if  in  contact  with  the  air,  takes  fire  and  bums  with  a  blue  flame. 
Before  the  blowpipe,  it  fuses  into  a  metallic  bead  of  silver  and  platinum. — Nitric  acid 
decomposes  it  rapidly,  with  formation  of  sulphuric  acid,  evolution  of  nitric  oxide,  and 
precipitation  of  a  yellow  substance. — When  recently  precipitated,  it  dissolves  in  cold 
aqueous  ammonia,  but  the  solution  decomposes  at  a  higher  temperature.  The  salt  is 
decomp<^sed  by  hot  caustic  potash,  yielding  sulphocyanate  of  potassium,  platinic oxide, 
and  oxide  of  silver: 

AgPfCy'^S*    +    6KH0     =     6KCyS   +   PtO'   +   Ag«0   +    3H«0. 

It  dissolves  in  sulphocyanate  of  potassium,  but,  on  adding  water  to  tha  liquid,  sul- 
phocyanato  of  silver  is  precipitated,  and  sulphocyanoplatinate  of  potassium  remains  in 
solution : 

Ag^PL'-Cy^S*   +    2KCyS     «     2AgCyS   +   K^l'^Cy«S«. 
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SVLPHOCTANATB  OF  PlATOSAMM ONIUM,  C^«N*S«R  «  N«H»Pt".Cy-S*.— 
This  salt,  polymeric  and  metameric  with  tetrammonioplatinotis  sulphocjanoplatinite 
(p.  610),  ia  obtained :  1.  By  tho  action  of  ammonia  on  snlphocyanoplatinite  of  potassium  : 

K^R^Cy^S*   +  2NH»     -     N«H«Pt-.Cy»S«  +   2KCyS. 

2.  By  the  action  of  ammonia,  or  its  carbonate,  on  sulphocyanoplatinate  of  potassium 
(see  p.  511).  Caustic  ammonia  acts  more  quickly  than  the  carbonate,  but  must  not 
be  used  in  the  concentrated  state,  as  the  product  is  then  contaminated  with  an  inso- 
luble substance.  The  crystals  are  collected  on  a  filter,  washed  with  cold  water,  and 
recrystallised  from  hot  alcohol. — 3.  By  double  decomposition  with  sulphocyuuate  of 
potassium  and  chloride  of  platosammonium : 

K'n-PtXP  +   2KCyS     -     N»HTf.Cy»S«  +   2KC1. 

One  part  of  sulphocyanato  of  potassium  and  1*6  pt.  chloride  of  platosammonium  are 
dissolved  together  in  water ;  the  mixture  heated  nearly  to  its  boiling-point ;  an  equal 
volume  of  alcohol  added,  to  increase  tiie  solubility  of  tho  product;  and  the  liquid 
filtered  hot.  Sulphocyanato  of  platosammonium  is  then  deposited  in  crystals,  on 
cooling. 

This  salt  forms  straw-yellow  needles,  which,  when  examined  by  the  microscope, 
appear  to  be  rhomboidal  prisms.  Melts  between  100^  and  110^,  to  a  clear  garnet- 
coloured  sTTup,  which  haraens  again  as  it  cools.  It  dissolves  sparingly  in  cold  water, 
more  readily  m  alcohol.  It  decomposes  at  180^,  giving  off  ammonia  and  hydrocyanic 
acid ;  and  if  exposed  to  the  air,  evolves  also  sulphurous  anhydride  and  leaves  metallic 
platinum ;  no  sulphide  of  carbon  is  given  off.  It  is  not  attacked  by  hydrochloric  or  by 
dilute  sulphuric  acid.  The  aqueous  solution  produces  no  change  in  salts  of  copper, 
lead,  or  mercury ;  but  when  added  to  a  solution  of  sulphate  or  nitrate  of  silver,  it 
forms  a  light-yellow  precipitate  containing  platinum.  When  boiled,  it  gives  off 
ammonia,  and  deposits  the  yellow  insoluble  matter  above  mentioned ;  the  same  effect 
appears  to  be  produced  by  caustic  potash. 

SuLPHocTANATB  OF  PoTASsiUK,  CNKS'  —  KCyS. — This  Salt  is  prepared: 
1 .  By  fusing  cyanide  of  potassium  with  snlphur,  or  2  pts.  of  the  ferrocyanide  witn  1  pt. 
sulphur;  or  by  fusing  17  pts.  of  potassic  carbonate  with  32  pts.  sulphur,  and  adding 
46  pts  of  dry  potassic  ferrocyanide.  The  heat  must  be  continued  till  the  melted  mass 
gives  off  bubbles,  which  bum  in  the  air  with  a  red  flame ;  and  it  must  be  carefully 
regulated,  as  if  it  is  insufficient,  part  of  the  ferrocyanide  will  remain  undecomposed ; 
and  if  it  be  too  much  raised,  part  of  the  resulting  sulphocyanato  will  be  converted  into 
mellanide.  The  fused  mass,  when  cold,  is  dissolved  in  water ;  the  iron  contained  in  the 
solution  is  precipitated  by  carbonate  of  potassium  ;  the  filtrate  is  evaporated  to  dryness ; 
the  residue  digested  with  alcohol,  and  the  alcoholic  solution  left  to  evaporate.  To 
avoid  the  use  of  alcohol,  Meillet  (J.  Pharm.  xxvii.  628)  neutralises  the  filtrate  sepa- 
rated from  the  iron  precipitate  with  acetic  acid,  evaporates,  and  purifies  the  sulpno- 
cyanate  by  crystallisation. — 2.  Sulphocyanato  of  potassium  may  also  be  prepared,  in 
the  same  manner  as  the  sodium-salt,  by  fusing  1  pt.  of  anhydrous  potassic  ferro- 
cyanide with  3  pts.  of  the  anhydrous  hyposulphite  (Fro  hde). — 3.  Gelis  prepares  sulpho- 
cyanato of  potassium  on  the  large  scale  by  heating  sulphocyanate  of  ammonium  with 
potash,  or  sulphocarbonate  of  ammonium  with  sulphide  of  potassium  (p.  506) : 

2(NH«)«CS»     +     K»S       -       2KCNS     +     2(NH*)HS     +     3H«S. 

Sulphocyanate  of  potassium  crystallises  in  long  striated  prisms,  or  in  needles  with 
four-sided  summits,  very  much  like  naltpefre.  They  are  anhydrous,  and  have  a  specific 
gravity  of  1*866 — 1*906  (Bodeker).  The  salt  is  very  deliquescent,  fusible,  and  very 
soluble  in  boiling  alcohol.  It  has  a  cooling  pungent  taste,  somewhat  like  that  of 
radishes,  and  is  poisonous. 

The  aqueous  solution  of  potassic  sulphocyanate  decomposes,  with  evolution  of 
ammonia,  gradually  at  ordinary  temperatures,  more  quickly  at  the  boiling  heat.  The 
alcoholic  solution  is  more  stable.  The  concentrated  solution  dissolves  recently  pre- 
cipitated argentic  cyanide,  which  is  thrown  down  from  it  in  the  crystalline  state  on  dilu- 
tion. It  likewise  dissolves  a  considerable  quantity  of  recently  precipitated  arqtntic 
chloride,  also  of  argentic  sulphocyanate ^  forming  therewith  a  crystalline  compound. 

Sulphocyanate  of  potassium,  when  melted  in  close  vessels,  bears  a  dull  red  heat 
without  decomposition,  but  when  calcined  in  contact  with  the  air,  it  yields  sulphate ;  if 
the  salt  is  moist,  sulphide  of  potassium  is  obtained,  with  evolution  of  ammonium-car- 
bonate. 

When  dry  chlorine  is  passed  into  melted  sulphocyanate  of  potassium,  chloride  of 
sulphur  is  given  off,  together  with  solid  chloride  of  cyanogen,  which  sublimes  in  needles. 
At  a  certain  stage  of  the  decomposition,  a  thick  red  vapour  is  evolved,  which  condenses 
into  a  red  or  yellowish-red  sublimate  containing  67*9  per  cent,  sulphur ;  and  a  residua 
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18  left,  consisting,  according  to  Liebig,  of  chlorido  of  potoisrinm  and  impure  mellone. 
According  to  Volckel  (Pogg.  Ann.  Iviii.  162),  neither  the  red  sublimate  nor  the 
mellouo  is  produced  if  tlie  chlorine  is  quite  dry  and  free  from  hydrochloric  add. 
Chlorine  paesed  into  an  aqueous  solution  of  the  »ulpho<ryanate,  not  too  dilute,  throws 
down  an  orange-coloured  precipitate  of  persulphoejranogen  (iv.  380).  An  alcohdic 
solution  of  iofiine  is  not  decolorised  by  an  alcoholic  solution  of  potassic  8ulphocyanat4», 
even  at  the  1  toiling  heat. 

Strong  nitric  acid  added  to  the  aqueous  solution  throws  down  pcrsulphocyanogen. 
Dilute  nitric  acid,  nitrous  acid,  and  other  oxidising  agents,  also  impart  to  the  solution 
a  deep  but  transient  blood-red  colour,  which  is  distinguished  from  that  produced  by 
ferric  salts  by  its  greater  instability.  (Jahresb.  1852,  p.  429 ;  1857,  p.  237 ;  1885, 
p.  294.) 

Pormangannte  of  potassium,  peroxide  of  manganese,  and  peroxide  of  lead,  oxidise  only 
the  sulphur  of  the  sulphocyanato,  conyerting  it  into  sulphuric  acid,  the  formation  of 
which  is  probably  preceded  by  that  of  a  cyanogen-compound  containing  a  smaller  pro- 
portion of  sulphur  than  the  sulphocyanato.     (Hadow,  Chem.  Soc.  Qu.  J.  xi.  174.) 

When  dry  hydrochforic  acid  is  passed  over  fused  sulphocyanate  of  potassium,  great 
heat  is  produced ;  hydrocyanic  acid,  carbonic  disulphide,  and  sal-ammoniac  are  giTen 
off;  and  a  thick  yellowish-rod  sublimate  is  formed,  which,  when  exposed  to  moist  air, 
gives  off  acid  vapours  capable  of  reddening  ferric  salts.    (Liebig.) 

Sulphocyanato  of  potassium  gently  heated  with  pentachlon'de  of  photphorus,  yields 
gaseous  chloride  of  cyanogen,  phosphoric  sulphochloride,  and  chloride  of  potassium : 

KCyS     +     PC1»       =       CyCl     +     KCl     +     PSC1«. 

At  a  higher  temperature  other  products  are  formed.  (Schiff,  Ann.  Ch.  Fharm.  cvi. 
116.) 

An  aqueous  solution  of  potassic  sulphocyanate  yields,  by  eiectrolysis,  sulphuric  acid, 
sulphurous  acid,  hydroc}*auic  acid,  and  sulphur.  (Schlagdenhauffen,  J.  Pharm. 
[3],  xlix.  100.) 

Bry  sulphocyanate  of  potassium  heated  with  metallic  iron  is  converted  into  ferro- 
cyanide  of  potassium,  together  with  ferrous  and  potassic  sulphides : 

6KCyS     +     Fe«       -       K*Fo"Cy«     +     5Fe"S     +     K«S. 

This  process  is  applied  by  Gelis  to  the  manufacture  of  the  ferrocyanide.  (See 
R^p.  Chim.  App.  1862,  p.  370;  Richardson  and  Watts's  Chemical  Teeknolo^, 
[5],  i.  399.) 

SuLPHOCYANATB  OP  SiLYEB,  AgCyS. — ^White  curdy  precipitate,  insoluble  in 
water  but  soluble  in  ammonia,  whence  it  crystallises  in  shining  scales  free  from 
ammonia.  Dry  chlorine  free  from  hydrochloric  hcid,  converts  it  into  solid  chloride  of 
cyanogen,  chloride  of  sulphur,  and  chloride  of  silver ;  with  moist  acid  chlorine,  it 
yields  also  a  red  sublimate.  It  dissolves  easily  in  aqueous  sulphocyanate  of  potas- 
sium, and  the  saturated  solution  left  over  sulphuric  acid,  deposits  rhomboidal  octa- 
hedrons of  the  double  salt  KCyS.AgCyS,  which  is  completely  decomposed  by  water, 
melts  without  decomposition  at  140°,  but  decomposes  at  a  higher  temperature. 

SuLPHOcTANATE  OF  S  ODIUM,  l^aCyS. — Tlus  salt  maybe  produced  in  the  same 
manner  as  sulphocyanate  of  potassium,  also  by  fusing  cyanide  or  ferrocyanide  of 
potassium  with  hyposulphite  of  sodium : 

4KCy     +     4Na«SK)«       -       4NaCyS     +     2K«S0«     +     Na«SO<     +     ^sl*S; 
2K^Fe"Cy«   +    12Na«S«0«  -   12NaCyS   +   4K«S0*   +   5Na*S0«   +   Na'S   +    ZFe'S. 

A  convenient  mode  of  preparation  is  to  heat  1  pt.  of  potassic  ferrocyanide  with  34 
pts.  anhydrous  sodic  hyposulphite  in  a  porcelain  dish,  till  the  hyposulphurous  acid  is 
decomposed,  and  dissolve  out  the  resulting  sodic  sulphocyanate  with  hot  alcohol  or 
water.  Ferricyanide  of  potassium  heated  with  hydratcd  sodic  hyposulphite  is  first 
converted,  with  separation  of  sulphur  and  evolution  of  sulphurous  anhydride,  into  ferro- 
cyanide, which  is  then  converted,  as  above,  into  sulphocyanate  and  sulphide  of  sodium. 
(A.  Frcihde,  Pogg.  Ann.  cxix.  317.) 

Sulphocyanate  of  sodium  crystallises  in  rhombic  tables,  very  deliquescent,  and  very 
soluble  in  alcohol. 

Sulphocyanate  op  Strontium,  Sr"Cy'S^3H*0,  forms  deliquescent  nodnle<s 
very  soluble  in  water  and  in  alcohol. 

Sulphocyanate  op  Thallium,  TlCyS,  is  obtained,  by  mixing  the  solution  of 
the  carbonate  with  sulphocyanato  of  potassium,  in  small  shining  needles  (Ku  hi  ma  nn« 
Compt.  rend.  xv.  607).  The  crystals  are  quadratic,  having  however  a  monodinic 
aspect,  in  consequence  of  irre^ar  development.  Olwerved  combinations,  ooP  .  Poo  ; 
and  ooPoo  .  c»P  .  Poo.  Angle  ooP  :  Poo  »  128°  20*3';  ooP  :  Poo  »  116^  1'; 
Poo :  Poo ,  in  the  basal  prinoiptU  section'-  76®  40-6'.  Twins  with  the  combination-face 
Poo.  No  distinct  cleavage.  ^(W.  H.  Miller,  Proc  Roy.  Soc.  xiv.  655.) 
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appears  also  to  bo  the  chief  product  of  the  decomposition  of  sulphocyanie  Aiihjdride  in 
moist  air.  The  acid  solution  remaining  after  the  deposition  of  this  powder,  contains 
i^ulphocyanic  acid  (as  chief  product),  hydrocyanic  acio,  sulphocyanate  and  sulphate  of 
ammonium ;  if,  moreover,  gives  off  carbonic  anhydride,  and  probably  also  carbonic  oxide. 

(Li  noomann.) 

lodocf/anic  Sulphide,  CylH. — This  appears  to  be  the  composition  of  a  red- 
brown,  very  volatile,  and  ea«ily  decomposible  liquid,  formed,  together  with  iodide  of 
silvt'r,  by  treating  sulphocyanate  of  silver  with  an  ethereal  solution  of  iodine. 
(Linnomann.) 


Several  sulphooyanates  of  monatomic  alcohol- 

rsidieles  are  known,  also  the  8ulphoc}'anate  of  ethylene. 

Allylio    Snlphooyanata.      VotntUt   Oil  of  Mustard,     Essence  de  Moutarde, 

ScnfiL  C*I1»NS  -  C«H*.CyS  -  c^H»l®  "  O'HM^"  (^^^^^^^  "^ 
Robiquet,  J.  Pharm.  xvii.  296. — Henry  andPlisson,  ifnd,  xvii.  451. — Dumas 
and  Polouzo,  Ann.  Ch.  I'hys.  [2],  liii.  181. — Aschoffi  J.  pr.  CheoL  iv.  814. — 
Hobiquet  and  Bussy,  Ann.  Ch.  Phys.  [2],  Ixxxii.  328.— Bout r on  and  Fr^my,  J. 
Pharm.  xvi.  112. — Lowig  and  Weidmann,  J.  pr.  Chem.  xix.218. — ^Will,  Ann.Ch. 
Pharm.  Hi.  1.-— Wertheim,  ibid,  lv.297.— Gerhardt,  Ann.  Ch.  Phys.  [8],  ziv.l2d; 
TraUe,  ii.  409.— Gm.  x.  41.) 

This  ether,  or  essential  oil,  is  obtained  from  the  seeds  of  black  mustard  by  distilla- 
tion with  water,  and  exists,  together  with  oil  of  garlic,  in  the  oils  product  in  like 
manner  from  otiier  cruciferous  plants.  It  does  not  exist  ready-formed  in  these  plants, 
at  least  not  in  the  dry  parts,  such  as  the  seed.  Its  production  requires  the  presence 
of  water,  and  appears  to  depend  upon  the  action  of  my  rosin,  a  substance  analogous 
to  the  emulsion  of  bitter  almonds,  or  another  substance,  myronic  acid,  likewise 
existing  in  these  plants  in  the  form  of  a  potassium-salt.  [See  Mtbonig  Acid  and 
Mtbosiic,  iii.  1073,  1075.]  The  seed  of  white  mustard,  which  contains  myrosin  but 
not  myronic  acid,  does  not  yield  allylic  sulphocyanate  when  distilled  With  water. 

Allylic  suphocyanate  is  formed  artificially:  1.  From  myronic  acid,  by  distilling 
m3rronat«  of  barium  or  potassium  with  a  caustic  alkali  (iii.  1070). — 2.  From  allylic 
iodide,  by  the  action  of  potassic  or  argentic  sulphocyanate. — 3.  From  allelic  sul- 
phide (i.  143),  by  treating  the  precipitate  formed  by  the  action  of  mercuric  chloride 
on  oil  of  garlic  with  potasHic  sulphocyanate  ( W  e  r  t  h  c  i  m).  According  toHlasiwetx 
(Ann.  Ch.  Pharm.  Ixxi.  28),  the  precipitate  formed  by  mixing  the  alcoholic  solutions 
of  oil  of  asafoetida  and  mercuric  chloride,  also  yields  allylic  sulphocyanate  when 
distilled  with  sulphocyanate  of  potassium. 

Preparation,^a,  From  mustard-seed.  The  seed  of  black  mustard  is  bruised  and 
macerated  for  al>out  twelve  hours  with  3  to  6  pts.  of  cold  water,  and  then  distilled,  as  long 
as  any  oil  passes  away  with  the  water.  The  distillation  is  best  conducted  by  pyxing 
steam  into  the  still.  A  saturated  solution  of  must^ird-oil  in  water  then  passes  over, 
and  the  excess  of  oil  settles  to  the  bottom.  The  aqueous  solution,  which  contains  a 
considerable  quantity  of  the  oil,  may  be  advantageously  used  for  macerating  fresh 
portions  of  seed.  1000  pts.  of  mustard -seed  macerat/ni  with  fresh  water  yield 
from  2  to  7  pts.  of  oil ;  but  if  water  saturated  with  the  oil  by  repeated  distillation  be 
used,  the  prrjduct  may  amount  to  10  or  11  parts. 

The  crude  oil  is  mostly  yellowish ;  it  is  purifieil  by  rectification,  after  drying  over 
chloride  of  calcium.  Pure  sulphocyanate  of  allyl  then  passes  over,  between  145^  and 
150°. 

h.  From  allylic  iodide. — The  iodide  dissolved  in  alcohol  is  distilled  with  sulpho- 
cyanate of  potassium ;  and  the  distillate  mixed  with  water  is  rectified,  the  pure 
oil  passing  over,  between  146^  and  150*'  (Zinin,  Ann.  Ch.  Pharm.  xcv.  128).  Or 
1  at.  iodide  of  allyl  and  1  at  sulphocyanide  of  potassium  are  enclosed,  together  with 
a  little  water,  in  a  sealed  glass  tube,  and  heated  for  some  hours  to  100° ;  water  is 
then  added,  which  dissolves  the  iodide  of  potassium  and  separates  the  allylic  sulpho- 
cyanate; and  the  latter  is  rectified.  (Berthelot  and  De  Luiva,  Ann.  Ch.  Phys.  [8], 
xliv.  495.) 

Allylic  sulphocyanate  is  obtained  with  still  greater  facility  by  the  action  of  allylic 
iodide  on  sulphocyanate  of  silver.  The  action  takes  place  at  ordinary  temperatures, 
iodide  of  silver  being  formed ;  while  the  iodide  of  allyl  disappears,  and  is  replaced  by  oil 
of  mustard.     At  100^  sulphide  of  silver  is  formed.    (Berthelot  and  De  Luca.) 

Properties. — Allylic  Hulphooyanate  is  a  tninsparent  colourless  oil,  of  strong  refiracting 
power,  and  possessing  in  the  highest  degree  the  sharp  penetrating  odour  of  black 
mustard.  The  smallest  quantity  of  the  vapour  excites  tears,  and  is  apt  to  produce  in- 
flammation of  the  eyes.    It  has  a  burning  taste,  and  rapidly  blisters  the  skin.    Specific 
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grayity  »  1015at20^  (DumaB  andPeloiize),  1009  to  1  010  at  15^  (Will).  Boils 
at  148<*  (Will).  Vapoup-density,  3-54  (Will);  calculated,  3-42.  Refracting  power 
-   1-616  (Will). 

It  is  sparingly  solnble  in  watfTf  but  dissolves  very  readily  in  alcohol  and  ether.  It 
dissolves  sulphur  and  phosphorus  with  tolerable  facility  when  heated,  these  bodies 
separating  in  the  crystalline  form  on  cooling. 

Decompositunis. — 1.  Oil  of  mustard  kneaded'with  alumina  yields,  by  dry  distillation , 
carbonic  anhydride,  carburetted  hydrogen,  and  a  small  quantity  of  sulphydric  acid, 
together  with  water.    TF  o  n  t e  n  e  1 1  e. ) 

2.  Exposed  to  daylight  for  three  years  in  well-dosed  vessels,  it  gradually  becomes 
brownish-yellow,  and  deposits  an  orange-yellow  amorphous  substance  having  the 
aspect  of  persulphocyanogen.  This  substance,  when  heated,  swells  up,  assumes  a  dark 
colour,  gives  on  a  strong  odour  of  mustard-oil,  and  leaves  a  dull  but  perfectly  combus- 
tible charcoal.  It  dissolves  in  warm  potash-solution,  forming  a  yellow  liquid,  from 
which  acetic  add  precipitates  light-yellow  flocks  ;  and  the  liquid  filtered  therefrom  still 
gives  a  light -yellow  precipitate  with  acetate  of  lead,  but  does  not  redden  ferric  salts, 
and  therefore  does  not  contain  sulphocyanic  acid.     (Will) 

3.  The  aqueous  solution  of  the  oil,  after  exposure  to  the  air  for  some  hours,  loses 
its  sharpness,  but  retains  its  taste  and  mustard  odour,  and  deposits  a  grey  powder  con- 
taining sulphur  (Thibierge).  The  oil  undergoes  no  change  by  exposure  to  the 
air  or  to  oxygen,  even  for  a  considerable  time,  becoming  neither  acid  nor  alkaline. 
(Boutron  and  Robiquet) 

4.  When  chlortne-ffos  is  very  slowly  passed  into  a  retort  filled  with  oil  of  mustard, 
very  volatile  crystals  are  formed,  having  a  silky  lustre  (with  evolution  of  hydrochloric 
Hcid,  according  to  D  u  m  a  s  aud  P  e  1  ou z e).  These  crystals  become  coloured  and  decom- 
pose  when  exposed  to  the  air,  and  are  dissolved  by  a  large  excess  of  chlorine,  yielding 
a  viscid,  no  longer  crystallisable  liquid.  Potash-ley  converts  them  into  a  resinous 
substance  insoluble  in  potash.  They  are  insoluble  in  water  and  in  ether,  but  dissolve  in 
alcohol  in  all  proportions.     (Boutron  and  Fr^my.) 

5.  Bromine  acts  upon  oil  of  mustard  with  frothing  and  evolution  of  heat,  and  forms 
a  brown  resin  nearly  insoluble  in  water ;  the  solution  contains  sulphuric  and  hydro- 
bromic  scid.    (Aschoff.) 

6.  Iodine  dissolves  quickly  in  the  oil,  forming  a  dark  red-brown  liquid.  (Aschoff.) 

7.  When  oil  of  mustard  is  treated  with  moderately  strong  nitric  acid,  a  brisk  reac- 
tion takes  place,  the  oil  becoming  thick,  assuming  a  green  colour,  and  being  converted 
into  a  resinous  substance  called  nit  rosin  apy  lie  resin.  The  mother-liouor  contains 
oxalic  acid  and  a  nitro-acid  called  nitrosinapylic  acid,  of  waxy  consistence,  solu- 
ble in  water,  insoluble  in  alcohol  and  ether.  The  solution  gives  yellow  precipitates 
with  lead-  and  silver-salts.  The  barium-salt  is  a  yellow  powder,  soluble  in  water,  and 
gives  by  analysis  18*23  per  cent,  carbon,  1*66  hydrogen,  39*25  baryta,  2*74  sulphur,  and 
21*96  oxygen,  which,  if  the  small  quantity  of  sulphur  be  neglected,  may  be  represented 
by  the  formula  C'«H«Ba''(NO»)«NK)\  making  that  of  the  acid  C^*(N6«)N0». 

8.  When  oil  of  mustard  is  completely  oxidised  by  nitric  or  by  chromic  acidt  large 
quantities  of  formic  and  acetic  acids  are  produced,  together  with  a  small  quantity  of 
propionic  acid. 

9.  Aqueous  potash^  soda  and  baryta,  also  the  oxides  of  lead,  silver,  and  mercttry,  in 
presence  of  water,  convert  oil  of  mustard  into  s  i  napol  ine  (p.  31 1),  with  formation  of 
a  metallic  sulphide  and  carbonate :  e.y., 

2C«H*NS  +   3Pb''0  +  H«0     «     C'H'»N»0   +   2Pb"S  +   Pb"CO'. 

Oil  of  SinapollDe. 

mufUrd. 

For  this  decomposition  the  presence  of  water  is  absolutely  necessary;  the  same 
oxides,  in  the  dry  state,  abstract  the  sulphur  but  slowly  and  imperfectly  from  oil  of 
muf^tard. 

When  oil  of  mustard  is  boiled  for  some  time  with  strong  soda-Uy,  in  such  a  manner 
that  the  vapour  may  be  condensed  and  flow  back  again,  a  large  quantity  of  ammonia 
is  evolved,  and  an  oil  of  fishy  odour  is  produced,  which  may  be  freed  from  the  last  traces 
of  sulphur  by  means  of  potash  and  hydrate  of  lead  ;  after  washing  with  dilute  acid  and 
with  water,  and  subsequent  rectification,  it  is  colourless,  and  exhibits  the  composition  of 
allylic  peroxide,  C*H^O.  It  forms  a  crystalline  compound  with  nitrate  of  silver. 
(Hlasiwetz,  J.  pr.  Chem.  li.  369.) 

1 0.  An  alcoholic  solution  of  potash  or  soda  acts  very  differently  from  the  aqueous 
solution.  When  oil  of  mustard  is  dropped  into  a  concentrated  alcoholic  solution  of 
potash,  great  heat  is  produced,  which,  if  care  be  not  taken  to  add  the  liquid  slowly, 
may  rise  in  a  few  seconds  to  violent  ebullition,  and  occasion  the  projection  of  the  con- 
tents of  the  vesseL    No  permanent  gas  is  evolved,  excepting  perhaps  a  little  ammonia. 
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The  brown-red  mixture  exhibits,  instead  of  the  pungent  odour  of  oil  of  mustard, 
merely  a  mild  garlic  odour ;  deposits,  after  a  while,  crystals  of  neutral  potassic  carbo- 
nate with  1  at.  water ;  and  when  decanted  from  these  ciystals  and  mixed  with  water, 
is  resolved,  with  milky  turbidity,  into  aqueous  salphosinapic  acid  (p.  526),  holding  in 
solution  a  certain  quantity  of  oil  which  may  bo  dissolved  out  by  ether,  and  an  oil 
which  sinks  to  the  bottom ;  and  if  the  mixture  has  been  heated  to  the  boiling-point,  is 
dark-coloured,  and  contains  insoluble  flakes.    (WilL) 

The  pecitliar  oil  obtained  by  keeping  the  mixture  cold,  after  being  separated  from  the 
aqueous  sulphuric  acid  by  collecting  it  on  a  wet  filter,  purified  ftom  potash  by  washing 
with  water,  rectified  with  solution  of  common  salt,  and  freed  from  the  water,  which 
makes  it  turbid,  by  standing  for  several  days  over  chloride  of  calcium,  and  decantation, 
is  transparent  and  colourless ;  has  a  density  of  1*036  at  14^;  a  mild  alliaceoos  odour; 
a  taste  which  is  not  burning,  but  cooling;  boils  between  116®  and  118®;  but  is 
partially  decomposed  by  distillation,  even  in  a  stream  of  gas,  ammonia  being  formed, 
as  ihown  by  the  vapour  browning  turmeric-paper  slightly,  and  a  brown  rosin  remaining, 
which  gives  off  a  large  quantity  of  ammonia  when  more  strongly  heated,  and  from 
which,  by  continued  boding  with  water,  a  volatile  alkaloid,  not  yet  farther  ex- 
aminod,  may  be  extracted.  The  oil,  when  boiled  with  baiyta-water,  forms  sulphide 
of  barium,  and  a  non-volatile  substance,  which  remains  in  solution,  and  appears  to  bo 
an  alkaloid.  From  lead-salts  and  silver-salts  it  also  precipitates  the  sulphides  on 
boiling.  It  forms  a  precipitate  with  alcoholic  mercuric  chloride,  and,  if  tho  aoluiiofi 
be  not  too  dilute,  likewise  with  alcoholic  stannic  chloride.  It  is  sparingly  soluble  in 
water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.    (Will.) 

Its  composition,  as  determined  by  analysis,  is  as  follows  : — 
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As  the  oil  gives  off  ammonia  after  each  rectification,  whereby  the  amount  of  nitroosii 
is  diminished  in  greater  proportion  than  that  of  the  other  elements,  it  is  probable  that 
the  original  oil  before  the  first  rectification  was  C'*H»N»S«0«.NH«  -  C»«H«N*SH)« 
(or  C'H^N^SO),  and  therefore  -  C»H«N«0  (sinapoHne)  +  H«S.      (Will.) 

According  to  this  assumption,  the  equation  for  the  decomposition  of  oil  of  mustard 
by  alcoholic  potash  should  be  the  following : 

3C*NH*S  +   3KH0   +   IPO     =     K^CO"  +   C*H«NKS«  +   C»H»<N«SO. 

11.  When  oil  of  mustard  is  mixed  with  pulverised  soda-lime,  and  heated  for  some 
time  to  120®  in  a  sealed  tube,  the  sharp  mustard  odour  is  found,  on  opening  the  tube, 
to  be  replaced  by  an  aromatic  alliaceous  odour;  and  on  distilling  the  uquid,  oxide  of 
allyl  (i.  142)  is  obtained,  while  sulphocyanate  of  sodium  remains,  often  mixed  with 
sulphide  of  sodium,  produced  by  the  secondary  action  of  the  excess  of  soda  on  the  sul- 
phocyanate ( W  e  r  t  h  e  i  m) : 

2(C«H».CNS)   +  NaK)     =     (C»H»)«0   +   2NaCNS. 

12.  From  an  alcoholic  solution  of  the  oil,  metallic  salts,  e,g.mercufie  vadplatifnc 
chloride,  also  silver'  and  lead-salts  (the  latter  at  the  boiling  heat),  separate  metallic 
sulphides.     (Will.) 

Dry  pulverised  hydrate  of  potassium  decomposes  oil  of  mustard  in  a  similar  manner 
to  the  alcoholic  solution  of  potash ;  but  the  products  are  less  definite,  because  it  is 
difficult  to  prevent  too  great  a  rise  of  temperature. 

13.  Monosuiphide  of  potassium  heated  with  oil  of  mustard  in  a  sealed  tube,  to  100® 
or  a  little  higher,  forms  sulphocyanate  of  potassium  and  oil  of  garlic : 

2(C«H»)CNS  +  K*S     =     2KCNS  +   (CH'j'S. 

If  a  polysulphide  of  potassium  be  heated  in  a  similar  manner  with  oil  of  mustard,  and 
the  product  distilled,  a  solution  is  obtained  which  yields  delicate  crystalline  needles, 
having  a  most  intense  odour  of  asafoetida. 

14.  Potassium  decomposes  dry  oil  of  mustard  completely,  even  at  ordinaTy  tempera- 
tures ;  on  applying  a  gentle  heat,  sulphocyanate  of  potassium  and  sulphide  of  allyl  are 
formed,  together  with  a  gas,  which  has  not  been  examined. 

Many  of  tho  heavy  metals  decompose  oil  of  mustard,  abstracting  the  sulphur.  Mer- 
cury is  quickly  blackened  when  shaken  up  with  the  oil  and  water ;  and  copper  vessels 
in  which  mustard-oil  is  distilled,  become  coated  with  sulphide  of  copper. 
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Combinations — Allylie  sulphocjanate  unitefl  with  alkaline  sulphides,  forming 
compounds  of  the  form  C*ll*}!l8.WS.— The  potassium-salt,  C*H*NS.K*S,  is  doposit-ed  as 
a  white  granular  powder,  on  mixing  the  alcoholic  solutions  of  potassic  monasulphide 
and  allylic  sulphocyanate,  the  former  slightly  in  excess,  and  evaporating  at  a  gentle 
heat. — Another  salt,  containing  2C*H*NS^*S,  separates  from  the  moUier-liquor  of 
the  preceding,  when  left  over  oil  of  vitriol,  in  needle-shaped  crystals  having  a  scarcely 
perceptible  yellowish  tinge. — The  barium-salt ,  C^H^NS-Ba'S,  is  formed  by  gradually 
adding  oil  of  mustard  to  a  warm  yellow  solution  of  barium-sulphide^  till  its  odour 
becomes  permanent  The  filtrate  yields,  on  cooling,  laminar  efflorescent  ciystaU  con- 
taining 3  at.  water.    (Will) 

Wilh  alkab'ne  sulphydrates  it  unites  in  like  manner,  forming  salta  ofallylsulpho- 

C»H».Hw 
carbamic  or  sulphosinapicacid  (^.v.);  e.^.,  C^^.CNS -f  EHS  »    (CS)"   (q. 

K     1° 

Allylie  snlpho^anate  unites  readily  with    amnumia,  forming  thiosinamine, 

C*H*NS.NH'  »    snlphoeyanAteof  allylammonium,jq^Qs/Qra»u^>  ^'   allyl- 


'■W 


sulphocarbamlde,  C^*  >^.    With  the  alcoholic  ammoniaf'm  like  manner, itforms 

thiosinaminee  in  which  the  typic  hydrogen  is  more  or  less  replaced  by  alcohol-radicles : 
thus  with    etht/laminSt  it  forms    ethylthiosinamine  or   etnyl-allylsulphocarbamide, 

C*H»NS.NH«(C»H»)  -     C«H»  IS   (see  Thiosikamikb)  ;  and  wiXh  trkthylyhosphine, 

it    forms     triethyl-allyl-sulphocarbophosphamide,    C*H*NS.P(C«H»)«    <■ 

C*H*  I  p.    See  FH08PHOBUS-BA.SB8  (iy.  616). 

AmyUo  SolpHoeyaiiata,    C^"NS  «    (^„|s  -  [^H^n|N.    (Henry,  Ann, 

Ch.  Phys.  [3]  xxy.  248.— Medlock,  Ann.  Ch.  Pharm.  Ixix.  214.)— Obtained  by  dis- 
tilling, in  a  capacious  retort,  about  equal  volumes  of  crystallised  amylsulphate  and  sul- 
phocyanute  of  potassium.  It  is  a  colourless  veiy  mobile  liquid,  which  after  drying 
and  rectification,  boils  constantly  at  197^.  Specific  gravity  <»  0*905  at  20^.  It  has  a 
pungent  alliaceous  odour,  and  bums  with  white  smoky  flame.  It  is  but  little  attacked 
by  sulphuric  add.  S|y  boiling  with  nitric  acid,  it  is  converted  into  amylsulphurous 
acid. 

Btbylie SQlpboejmiiate,    C>H*NS  -  q^%\^  -  ^n*^^'    (Cahours,Ann. 

Ch.  Phys.  [3]  xviii.  264.— Lowig,  Pogff.  Ann.  Ixvii.  101. — Muspratt>  Ann.  Ch. 
Pharm.  Ixv.  253.) — This  ethej  is  prepare! : — 1.  By  saturating  a  concentrated  solution 
of  pot^issic  sulphocyanate  with  ethvlic  chloride.  As  soon  as  the  reaction,  which  is  slow, 
(but  may  bo  accelerated  by  sunshine)  is  complete,  the  liquid  is  to  be  diluted  with  an 
equal  bulk  of  water  and  distilled,  the  distillate  mixed  with  t%rice  its  volume  of  pure 
ether,  and  sufficient  water  added  to  separate  the  ethereal  solution  of  ethylic  sulphocya- 
nate. The  ether  is  then  drawn  off  by  distillation,  and  the  remaining  ethylic  sulphocya- 
nate is  purified  by  rectification  over  chloride  of  calcium. — 2.  By  distilling  equal  parts 
of  calcic  ethylsulphate  and  potassic  sulphocyanate,  both  in  concentrated  solution. 

Ethylic  sulphocyanate  is  a  mobile,  colourless,  strongly  refracting  liquid,  having  a 
taste  of  anise,  and  a  pungent  odour  like  that  of  mercaptan.  Boils  at  146'^.  Specific 
gravity  of  liquid  m»  1020  at  16^;  of  vapour  «  3*018.  It  is  insoluble  in  UHtter^  but 
alcohol  and  ether  dissolve  it  in  all  proportions. 

Ethylic  sulphocyanate  is  rapidly  decomposed  by  nitric  acid,  yielding  ethylsulphnr- 
ous  acid,  with  only  a  small  quantity  of  sulphuric  acid.  The  same  acid  is  formed  on 
treating  the  ether  with  hydrochloric  acid  and  chlorate  of  potassium^  the  reaction  being 
of^en  m  violent  as  to  set  the  volatile  products  on  fire. 

Chlorine  gradually  attacks  ethylic  sulphocyanate,  forming  chloride  of  cyanogen,  and 
a  heavy  oil  soluble  in  water. — nromine  attacks  it  violently,  forming  crystallisable 
product*. 

When  heated  to  100^  in  a  sealed  tube  with  aqueous  potash,  it  is  converted  into 
ethylic  disulphide,  with  formation  of  potassic  cyanide  and  cyanate  (Br lining,  Ann. 
Ch.  Pharm.  civ.  193)  : 

2C»H*CyS  +  2KH0  «  (C«H»)»S«  +   KCy  +   KCyO   +  H«0. 

On  boiling  [the  other  with  alcoholic  potash,  ammonia  is  given  ofi|  together  with 
ethylic  disulphide.  With  an  alcoholic  solution  of  potassic  monosulphide,  it  forms 
sulphide  of  c^yl  and  siUphocyanatc  of  potassium,  without  evolution  of  ammonia. 
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The  alcoholic  solution  of  ethylic  sulphocyanate  does  not  precipitate  metallic  solu- 
tions. 

Dry  ammrmia-gM  forms,  with  ethylic  sulphocjranate,  a  small  quantity  of  a  body 
having  the  composition  of  ethyl-sulphocarbamide,  (CS)''(C*H»)H»N«. — With  aqneous 
ammonia  of  ordinary  strength,  hlack  uncrystallisahle  products  are  formed ;  with  exreas 
of  dilute  aqueous  ammonia,  the  producta  formed  are  cyanide  of  ammonium,  carba- 
mide, and  disulphide  of  ethyl : 

2(Cm».CNS)   +   2NH»   +   HH)     -    (NH«)CN   +   CN»H*0   +  (C*H»)«S". 

Etkylamine  likewise  decomposes  ethylic  sulphocyanate.    (Jeanjean,  Compt.  rend.  It. 
330 ;  see  also  Kremer,  J.  pr.  Chem.  Ixxiii.  365 ;  Jahresb.  1858,  p.  401.) 

With  trietht/fphoftphine  at  100°,  it  forms  a  lai^  quantity  of  triethylphoephine- 
Bulphide,  together  with  cyanide  of  triethylphosphonium  (Hofmann,  iv.  611): 

C'H».CNS  +   2(C»H»)»P  -  (C»H»)«PS  +   (C*H»)*P.CN. 

Btbylenlo Sulpboojaiiate, CHAN'S'  -  (CTpj-js*  =  (c^i^Jn*.  (Son- 
ne n  s  c  h  e  i  n ,  J.  pr.  Chem.  Ixv.  257. — B  u  f  f,  Ann.  Ch.  Pharm.  xcvi.  302,  c  219 ;  Jahresb. 
1855,  p.  610  ;  1856,  p.  597.) — Produced  by  heating  an  alcoholic  solution  of  ethylenic 
chloride  (Dutch  liquid),  with  an  equivalent  quantity  of  potassic  sulpboeyanate,  to  100^ 
in  a  sealed  tube.  Chloride  of  potassium  then  separates  out,  and  on  distilling  off  the 
volatile  products  from  the  filtered  liquid,  removing  the  remaining  chloride  and  sulpho- 
cyanate of  potassium  wirh  a  little  cold  water,  and  dissolving  the  residue  in  hot 
water,  a  solution  is  obtained  which  yields  crystals  of  ethylenic  sulphocyanate  on  cool- 
ing. 

Ethylenic  sulphocyanate  is  moderately  soluble  in  boiling  water,  and  separates  there- 
from in  stellate  groups  of  small  needles ;  easily  soluble  in  warm  alcohol,  whence  it 
cr)'stallises  in  large,  white,  shining,  rhombic  plates.  It  melts  at  90^,  and  solidifies  at 
83° ;  decomposes  at  a  stronger  heat^  giving  off  a  pungent  odour,  like  that  of  burnt 
onions.  With  vapour  of  water  it  appears  to  distil  undecomposed,  the  vapour  ' 
attacking  the  eyes  strongly,  and  exciting  violent  sneezing ;  it  has  a  sharp  burning 
taste.  It  dissolves  in  very  dilute  nitric  add^  crystallises  again  in  needles  on  cooling ; 
but  stronger  nitric  acid  converts  it  into  a  ciystalline  acid,  which,  according  to  Bufl^  is 
identical  with  disulphetholic  or  ethylene-sulphurous  acid,  C*H*S*0*. 

Acids  do  not  separate  sulphocyanic  acid  from  ethylenic  sulphocyanate.  The  alco- 
holic solution  docs  not  give  the  reaction  of  sulphocyanic  acid  with  ferric  salts  till  it 
has  been  l)oiIed  with  potash.  When  boiled  with  baryta-water ^  it  yields  carbonate  and 
sulphocyanate  of  banum.  On  boiling  it  with  plumbic  hydrate^  sulphide  of  lead  itf 
formed,  especially  on  addition  of  Potash,  and  the  solution  gives,  with  ferric  salts, 
the  reaction  of  sulphocyanic  acid.  The  alcoholic  solutions  of  ethylenic  sulphocjranate 
and  mercuric  chloride  yield,  after  a  while,  a  white  precipitate  (Sonnenschein). 
With  ammonia  it  forms  an  easily  soluble  substance,  which  readily  gives  up  sulphur  to 
mercuric  oxide  (Buff). — With  triethylphosphine  it  acts  similarly  to  ethylic  sulpho- 
cyanate, yielding  sulphide  of  triethylphosphine  and  cyanide  of  ethylene-hexeuyl- 
diphosphonium  (H  o  f  m  a  n  n) : 

C2H<.C«N«S»  +  4(C»H»)«P  -  2(C»H»)"PS  +  (C^H^)"  (C«H»)«P«.C  N«. 

Bexylio  Sulpliocjanatet  C*H'*.CNS.  (Pelouze  and  Cahours,  Ann.  Ch. 
Phys.  1^4]  i.  5.) — Produced  by  heating  hexylic  chloride  to  100®  for  several  hours  with 
alcoholic  sulphocyanate  of  potassium.  It  is  a  nearly  colourless  fetid  liquid,  of  specific 
gravity  0*922  at  12°,  boiling  at  215°— 220<'. 

MetHyUo  Solplioojanate,    CH'.CNS  -  ^q^VIn.      (Cahours,    Ann.    Ch. 

Phys.  [3]  xviil  261.) — Obtained  by  distilling  a  concentrated  solution  of  equal  parts 
of  potassic  sulphocyanate  and  calcic  methylsulphate.  It  is  a  colourless  very  mobile 
liquid,  having  an  alliaceous  and  intoxicating  odour.  Boils  between  132^  and  138^. 
Specific  gravity  of  liquid,  1-115  at  16**;  of  vapour  «-  2*570 — 2*549.  It  dissolves 
slightly  in  water ;  in  all  proportions  in  alcohol  and  ether.  Chlorine  attacks  it  yeij 
slowly  in  difiused  light,  producing  fine  crystals  of  chloride  of  cyanogen,  together  with 
a  heavy  yellow  oil,  which  solidifies  in  contact  with  ammonia. — Nitric  acid  of  ordinary 
strength  dissolves  it  when  warm,  and  deposits  it  again  on  cooling.  By  continued 
boiling  with  nitric  acid,  it  is  converted  into  methylsulphurous  acia.  It  is  scarcely 
attacked  by  potash  at  ordinaiy  temperatures ;  but  alcoholic  potash  decomposes  it  when 
heated,  ammonia  and  methylic  disulphide  being  given  off,  while  cyanide  and  carbonate 
of  potassium  are  found  in  the  residue.  With  alcoholic  stdphide  of  potassium^  it  forms 
sulphocyanate  of  potassium  and  sulphide  of  methyl. — Aqueous  ammonia  decomposes 
it  apt^iriv  fofnning  ^  brown  substance  resembling  ulmin,  and  a  small  quantity  of  a 
»e  body. 
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VapbtbyUo  smplaoeyiuwta,  C'H'.CNS  »   c^oh'I^*    (V.  Hall,  Phil.  Mdg. 

[4]  xrii.  304.) — This  ether  is  produced,  together  with  naphthylamine,  b^  distilling 
dinaphthyl-Bulphooarbamide  (obtained  by  digesting  crude  naphthylamine  with  carbonic 
disalphide)  witb  phosphoric  anhydride : 

It  is  a  crystalline  compound,  having  a  peculiar  odour,  easily  fusible,  insoluble  in  water, 
but  very  soluble  in  alcohol  and  ether.  With  naphthylamine,  in  alcoholic  solution,  it 
reproduces  naphthyl-sulphocarbamide.  With  aniline,  it  yields  phenyl-naphthyl-snl-> 
phocarbamide,  [(CS)''.C«H».C"H».H"]N». 

VbensrlieSiaplioojaiiate,  C^^.CNS  »  ^\  |n.     (Hofmann,  Proc.  Roy. 

See.  ix.  274,  487;  Chem.  Soc.  Qu.  J.  xiiL  809.) — Produced  by  distilling  phenyl- 
(>ulphocarbamide,  ^CS)".C*n*.H".N',  with  phosphoric  anhydride.  After  rectification 
over  the  latter,  it  is  a  colourless  transparent  liquid,  smelling  like  oil  of  mustard, 
having  a  specific  gravity  of  1*135  at  15°,  and  boiling  at  220^,  under  a  pressure  of 
0*762  met.  It  distils  unaltered  with  water,  and  even  with  hydrochloric  acid,  but  is 
very  easily  decomposed  by  alkalis.  Alcoholic  potash  converts  it  first  into  diphenyl- 
Bulphocarbamide,  then  into  diphenyl-carbamide.  With  ammonia,  it  yields  phenyl-sul- 
phocarbamide : 

C^».CS.N  +   NH«     -     (CS)''.C«H».H«.N». 
With  amines,  it  unites  in   a  similar  manner :  with  aniline,  for  example,  it  forms 
diphenyl-su]phocarbamide,.and  with  naphthylamine,  phenyl-naphthylsulphocarbamide, 
isomeric  or  identical  with  that  above  described. 

With  triethylphosphine  it  unites  so  energetically  that  the  mixture  often  takes  fire : 
when,  however,  the  action  is  duly  regulated,  triethyl-phenyl-sulphocarbophosphamide, 
C«»H«NPS  =  (CS)''(C»H»)».C^».NJ>,  is  produced  (iv.  616).  W\t\itrimetMphoimhine, 
in  like  manner,  it  forms  the  compound  C'«H"NPS  »  (CSnCH»)"(C^»).NP,  which 
is  an  oily  liquid,  insoluble  in  water,  slightly  soluble  in  ether,  easily  in  alcohol,  and 
formmg  with  hydrochloric  acid  the  crystalline  salt  Ci«H>^NPS.HCL 

SITLVBOC I MSWZO  AOZB.  Syn.  with  Thtmtlsulphubous  Aan,  (See 
Sulphurous  Ethbbs.) 

SVZiVBOllBACHIVZO  JtLCXDm  A  conjugated  acid,  produced,  according  to 
Laurent,  by  treating  oil  of  anise  or  tarragon  with  a  large  excess  of  sulphuric  acid. 

8UZiPBOr&A.VZO  AOZB*    See  Ikdioosulx»hubic  Acros  (iii.  262). 

StrZiPBOFORlMt.  An  oily  liquid,  produced  in  small  quantity  by  distilling  iodoform 
with  mercuric  sulphide  (Bouchardat,  J.  Pharm.  xxiii.  12).  According  to  Eggert>, 
hovrovcr  (Chem.  Centr.  1857,  p.  513),  this  product  thus  obtained  is  nothing  but  car- 
bonic disulphide. 

snXiFBOnrZiVZO  ACZB.    See  Indioosulpuubic  Acids  (iii.  262). 

BirZiPBOOXiircZO  ACZB.    Syn.  with  Glucososulphubic  Acid  (ii.  872). 

SUXiPBOOXilFTZWZO  ACZB.  The  name  applied  by  Berzolius  to  a  glutinous 
arid,  formed,  together  with  other  products,  by  the  action  of  sulphuric  anhydride  in 
excess  on  naphthalene.  {Gerhardfs  Traile,  iii.  468.) 

smUPBOOZiTCBRZC  ACZB*    C'H'SO*.     Syn.  with  Gltcerosulphuric  Acid 

(ii.  892). 

smbPBOO&'roo&Z.ZC  ACZB.  CH^SO*.  Syn.  with  Ethylemb-sulpuubic 
Acid.    (See  Sulpuubic  Ethebs.) 

cm^o  ^ 

BVZiVBOBZPFUBZO    ACZB.      C»H*NSO«  «  C*H»NO'.SO»   -  ^7^tV 

H« 

(Schwanert,  Ann.  Ch.  Pharm.  cxii.  59 ;  Jahresb.  1859,  p.  328.) — Formed  by  treating 
hippuric  acid  with  sulphuric  anhydride.  By  converting  the  product  into  a  lead-salt,  de- 
composing with  sulphydric  acid,  &c.,  it  is  obtained  as  a  brown,  amorphous,  deliquescent 
mass,  which  is  decomposed  by  nitrous  acid,  yielding  sulphobenzoic  acid,  together  with 
an  oily  liquid,  probably  glycollic  acid. 

The  acid  is  aibasic.  Its  neutral  barium-salt  has  the  composition  CHTJa^NSO*.  By 
boiling  the  acid  with  plumbic  hydrate,  a  salt  is  obtained  having  approximately  the  com- 
position C»HTb'^SO\ 
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See  HTDBOQumovB  (iii.  217). 

SVXiFmOlKAXaAXZC  JkCTtM  and  SVXiFSO&SIC  ACXD.  Oilj 
l»r«i'lur>ed,  a/vrrjrdijig  to  Frimj  (Ann.  Ch.  Fhjs.  [2]  Ixr.  113),  to|;etlier  with  solpho- 
gljrceric  arid,  bj  the  action  of  strong  snlphnric  acid  upon  olein  at  low  tempefm- 
tnrr;^.  Th^  nalpholeic  add,  being  insolnble  in  the  acid  liquid,  eenaratea  in  the 
form  of  an  oil  from  the  flnlphogljeeric  acid,  which  remains disaolyed.  These  two  adds 
hare  not  \>^:n  neparated,  and  couiicqaentlj  their  composition  has  not  been  determiiied. 
Th#ry  ar«^  lx»th  sfJable  in  water  and  in  alcohol,  so  likewise  are  their  poCaasinm-, 
srxliam-,  and  ammoniom-salts ;  the  cAher  salts  are  insoluble  in  water,  slightly  soluble 
in  alohol. 

Halpholeic  acid  is  decompoe<4  by  water,  yielding  hjdrolcie  and  meta-oleie  acids 
(ir.  195).     Solphomargaric  add  jidds  similar  products. 

SUXFBOXJtOVXO  ACXB.     A  sympy  add  obtained  by  treating  eotton,  lines, 

sawdust,  and  other  forms  of  cellulose,  with  strong  sulphuric  add.  It  forma  soluble 
Baits  with  baryta  and  oxide  of  lead.     (Gerhard t,  ii.  548.) 

SVZiFBOBKAWZTIC  ACZ9.  OH>K)*.380'.— An  add  produced  by  di8W>lTing 
mannite  in  strong  sulphuric  add.  It  appears  to  be  tribasic,  forms  gummy  deliquescent 
salts  with  the  alkalis  and  with  oxide  of  lead,  and  a  crystalline  salt  with  baryta. 

SUXiraOMSXJkVinunrzC  ACZB.    CN^H'S*  »  CyH'N.2CyHS  «  ^1^ 

Sulphomelhnic  acid.  SulphydromeUonic  acid,  Hydrothi^nndlone,  (Jamie son.  Awn. 
Ch.  Pharm.  lix.  339.) — ^An  add  obtained  as  a  potassium-salt  by  boiling  persulphoeya- 
nogen  with  sulphydrate  of  potassium  : 

2CTJ*HS«  +   3KHS  +   2H*0     -     C»N*H»KS«  +  2CNKS   +   CO* 

+  3H«S  +  S«. 
The  resulting  liquid  neutralist  with  acetic  add  yields  a  copious  white  {oedpitate, 
consibtin^  of  sulphur  and  sulphomelanurenic  add,  which  is  to  be  washed  and  tzeated 
with  cold  aqueous  ammonia,  to  dissolve  out  the  add  and  leare  the  snlf^nr;  and  the 
filtonKl  solution,  afli-r  being  left  to  evaporate  in  a  warm  place,  is  to  be  boiled  with 
animal  charcoal,  till  it  yields  a  perfectly  white  precipitate  with  adds. 

Bulphomebinurcnic  add  is  nearly  insoluble  in  cold  water,  alcohol, and  ether,  slightly 
soluble  in  boiling  water,  which  deposits  it  in  very  small  needles.  It  is  tast<d€^8s,  but 
reddens  litmus.  It  begins  to  decompose  between  140^  and  150^,  and  is  zesolved  at  a 
higher  temp«^rature  into  mellone  ana  sulphydric  add : 

CyH»N.2CyHS     -     NCy«  +   2H«S. 
SulpbomelaDureuic  Mellone. 

add. 

When  heated  with  hydrochloric,  sulphuric,  or  nitric  acid,  it  is  resoWed  into  ammonia, 
sulphydric  acid,  and  cyanuric  acid : 

CyH»N.2CyHS  +   3H»0     -     NH«  +   2H=S  +   Cy«H«0«. 

iSulphonielanuronic  acid  is  monobasic.  Its  potassium-salt,  2C'N*H*KS*.3H'0,  forms 
shining  colourless  prisms,  Tery  soluble  in  water  and  in  alcohol. — The  godium-salt, 
2C'N  *H*Na8*.3H'0,  crystallises  in  largo  tmnslueent  plates  having  a  fatty  aspect,  or 
in  small  scales  resembling  cholesterin. — The  barium-salt,  C*N*H*Ba"S\6H*0,  fonns 
colourless  needles,  having  a  fine  adamantiua  lustre,  and  veiy  soluble  in  water. — The 
strontium-aalty  C*N'H*Sr"S*.4ir-0,  forms  largo  plates  haying  a  waxy  lustre. — 
Tho  calcium-aali,  C*N*H^Ch"S*.2II*0,  forms  shining  crystals. — The  magnesiMH'^t, 
C*N*H'Mg'*S*.6n'0,  crystallises  in  small  shining  needles,  very  soluble  in  water. 
— The  Bilver-saltf  C*N*H'AgS*,  is  precipitated  in  white  flocks,  quite  insoluble  in 
water,  on  adding  nitrato  of  silver  to  an  amraoniacal  solution  of  the  acid.  It  blackens 
on  exposure  to  light,  but  boars  a  temperature  of  100°  without  decomposition. 

Syn.  "li'ith  Svlphokelanurknic  Acid. 


BVIliPBOimBTBTZiZC  ACZB.    Syn.  with  Metutlsulphuuic  Acid.     (See  Sul- 
I'HUBic  Etiiehs.) 

SUl^BOMO&TBDJLTBS.    See  Molybdenum,  Sulphides  of  (iii.  1043). 
8U&PBOMOSPBZBB.    A  product  of  the  action  of  sulphuric  add  on  morphine 
(iii.  1055). 

SUZiPBOVAPBTBikZiBB'B.     C'«H'<SO«  -  qi!h,|sO«.     (Berzelius,  Ann. 

Ch.  Phys.  [2]  Ixv.  290.— Laurent,  Rev.  Scient  viii.  687.) — This  compound,  which 
may  bo  n*garded  as  a  double  molecule  of  naphthalene,  (Ci'"H'),  having  two  of  its 
hyclrogon-alonis  replaced  by  sulphuryl,  is  formed  by  directing  the  vapour  of  sulphuric 
Hiihydrid(»  on  an  excess  of  fused  naphthalene.  A  red  syrupy  liquid  is  thereby  formed, 
from  which  the  sulphonaphthaleuo  may  bo  sei)ar.itod  by  treating  it  with  boiling  water, 
and  c*'  )  residue  from  aqueous  alcohol. 
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SuIphoDApbtbnlene  nystalliMa  from  alcoholia  solntioD  in  taat('li«8  inodorous 
nodulm.  It  melts  at  70°,  and  aolidifirs  on  cixiliog  loutnuupiLCeDt  mass,  which  liFcomea 
electric  b;  friction.  At  a  higher  tcmperBture,  it  decomposes,  giviut;  off  Bulpliuruus 
»nh}^lride.  It  is  slightly  soluble  in  vater,  more  soluble  in  boiling  itlcobol,  not  ntliirked 
by  boilJDg  potBlh-lpy.  NiUumariaticndddisBolTes  it  at  tho  boiling  heat,  without  fornia- 
Cion  of  sulphuric  acid. 

BirXhPHOVAVHXSAUC  AOIO,  C"II*SO'.  Syn.  with  Kn-HrarLSCLFnu- 
Bova  Acid,     (See  SDLFKtBotja  Ethsb.s.) 

SUnlphonftpIitbBlle  AolOi  C"iI*S*0*.  Sjn.  with  Nafhthilekb-sclpbubovs 
Acid.    (See  Sulphurous  Kthkbs.) 

SHXPHOlf&VKTBAXZSASEZa     AOXD.       Syn.    with    KiFnrHiOHic    Acm 

(iv.  ny 

SinPHOVArSTBAno  &OZ9>    Sjn.  with  Sulpboxaphthauc  Acid. 
SVXP>OWABOOTmB.   A  prodnctof  Ihedecompositionofsnlphateof  narcotine 
(iv.  23). 
■VK»MO»SB»XO  AOEB.    CH'.H.SO*.      Syn.  with  PKEKTxaui.FBURic  Acu>. 

(See  SoLPmuBic  Etbbbs.) 

SU];FSOPBBirTbAMtS&     CH-NSO'   -'^'gt'^'fN    -   (SO)"|q.  —  SlJ- 

phobentolamiiU.  Atolun  pltenj/Ualfartux.  Azatart  de  tvifopkeayU  et  dhgdroghu. 
(Gurhardt  and  Chancel,  Compt.  rend.  xxir.  660.— Oerhardt  and  Chiozza, 
ibid.  HIT.  B6  ;  Gerhardft  Trati,  iii.  74.)— Piodnwd  by  the  •Ction  of  anunonia 
on  Bulpbophpnylic  chloride.  A  conrenient  mode  of  preparing  it  is  to  pour  the 
chloride  on  a  large  Ucesg  of  polTerirad  ammonium-carboDate  ;  the  reaetiDn  conunenceit 
immedJHlely,  and  may  be  completed  by  genliy  heating  the  mortar  in  which  the  mixtnni 
is  madp,  tiU  tbe  odour  of  the  chloride  la  no  longer  perceptible.  The  product  is  tben 
washed  witti  cold  water,  which  dissoWea  out  the  sal-ammoniac  and  the  excess  of 
ainmonium-carbonatd,  and  the  reaidnal  sqtphophenylamide  is  crystallised  tmm  a  snuiLl 
quantity  of  boiling  alcohol.  It  is  also  produced  (together  with  sulphurous  anhydride, 
ammoniH,  benzol,  ntid  a  small  quantity  of  phenylic  sulphide)  by  heating  pheDyUulphit« 
(sulphobcczolate)  of  ammonium.   (Stenhouse,  Froc.  Roy.  Soe.  liv.  361.) 

Sulphophenylamide  cryslollises  from  alcohol  in  splendid  nacmous  s^cB  (Ger- 
hardt);  from  alcohol  or  water  in  laminse  resembling  naphthalene,  end  molting  at 
ItiS"  (Stenhouse)  ;  according  to  Gerhardt,  it  is  insoluble  in  water,  rcry  soluble  in 
alcohol,  soluble  in  boiling  aqueoui  ammonia. 

Snlphophenylamido  eonUins  two  atoms  of  tj-pic  hydrogen,  one  or  both  of  which 
may  be  replaced  by  metals  or  organic  ladiclea.  The  following  compounds  buTe  thus 
been  oUained  :— 

.    C'H'ArNSO*. 
.    C*H'(C'H'0)NSO". 
.    CH'Ag(C'H*0)>fSO'. 
.     Cn'(C'H'0)'N80'. 
It        .        .    CH'(C'H'0)(C?H'0)NSO'. 
.    C'H'tCi*HiiO)NS0'. 
.    C'H*(C»H"0XC'H*0)N80». 
.    (?H'(CH')NSO*. 
.    CH'(C'H'0")"NSO'. 
Argentomlpkofhenylamidt,  CH'AgKSC,  is  obtained  as  a  white  ciystolliae  precipi- 
tjitv  on  adding  mtiBte  of  silrer  to  an  alcoholic  and  ammoniacal  solution  of  snlpho- 
phenylaniide. 

SuccinetulpKophtnvlajnidt,  C'H'NSO*,  is  formed  by  the  action  of  soccinic  chloride 
on  Kulphoph^njlamide.  The  product,  which  ia  viscous  at  first,  solidifies  when  Ireuled 
with  alcohol,  and  crjttalliBes  therefrom  in  very  fine  needleo. 

Phrnyigidphophengliimide,  or  Sidphophenylanilidt,  C"H"1JS0',  is  formed  by  the 
action  of  aniline  on  sulpbophenylie  chloride.  The  product  remains  riBCons  for  n  long  timr ; 
hut  when  dissolTed  in  alcohol,  it  yiolda  splendid  priemi,  with  pyramidal  facea,  like 
small  crystals  of  Hmethyst.  which  thej  also  resemble  in  colour.  They  diii^jlve  easily 
In  alcohol  and  ethfr.    (Chiozza  and  Biffi ;  Gerhardet  TraUi,  i't'i.  9»l.) 

The  other  compounds  in  the  preceding  list  have  been  already  described  under  Bbm- 
ZAHiDE  (i.  539,  fi40),  and  Cumi-vuitdb  (ii.  177). 

(SO)'  1  „ 
mtulpiopkt»)laa.idt.    C"H"NS'0'   -   N.U.(Cn'SO")'    -    (CH')'^- 
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Produced  by  gently  heating  argentofmlphophoDylamide  with  sulphophenylie  chloride ; 

purified  by  crrstalliflation  fh)m  ether. 

^  (C^»SO*)«) 

Succino-dibenrO'di$ulphophenyldiamide,C^HVJPSH}*  =  (CHK))*  IN« 

■■      (^K^OV  lb'* — '^^  compound,   obtained    by    heating    argento-benzosulpho- 
phenylamide  with  succinic  chloride,  crystallises  from  ether  in  small  needles. 


or       n 

C^»SO«a.   (See  Sulphurous  Ethers.) 

STr&PBOPBBVTXiZC  or  psBimuiinbVBintoirs  STmUSB.  C*H^SO*. 

—A  compound  formed  by  the  action  of  reducing  agents  on  the  oorrespondiDg  chloride. 
(See  Sulphurous  Ethers.) 

SmUPBOPBOamJIVCCZirAMIC  ACIB.    C<*H"NSO*     -     (C'HH)*)'>Q 

C«H».H    \ 
""     (C*H«0«rrO«-    C^^'^^a'd^  ^^^  Chiozza,  Ann.  Ch.  Phys.  [3]  xlvii.  129.)— 

The  ammonium-salt  of  this  acid  is  obtained  by  evaporating  an  ammoniacal  solution 
of  succinosulphophenylamide,  first  at  a  gentle  heat,  then  in  a  vacuum.  A  rery  thick 
£ynip  then  remains,  which  alternately  errstallises  in  concentric  giovfps  of  silky  fibrm. 
This  salt  is  very  soluble  in  water  and  m  alcohol,  melts  at  160^,  giving  off  a  laise 
quantity  of  ammonia,  and  leaving  an  oil  which,  when  dissolved  in  ammonia,  yields 
crystals  of  sulphophenylamide.  The  aqueous  solution  of  the  ammonium-salty  mixed 
with  a  few  dro])6  of  hydrochloric  acid,  deposits  splendid  needles,  which  melt  between 
165°  and  160°,  and  have  the  composition  of  the  original  salt.  The  silver-salt, 
C'^H^^AgNSO*,  is  deposited  in  beautiful  needles  on  adding  nitrate  of  silver  to  a  solu- 
tion of  t]be  ammonium-salt. 

SUXiPBOPnORAMZO  ACZD.  An  acid  produced  by  heating  phloramine  (iv. 
488)  with  strong  sulphuric  acid.  On  saturating  the  solution  with  carbonate  of  barium, 
decomposing  the  hot  filtrate  with  sulphuric  acid,  and  decolorising  with  animal  charcoal, 
the  acid  is  obtained  in  colourless  needles.  Its  solution,  even  when  very  dilute,  forms 
a  deep  violet  colour  with  ferric  chloride,  like  that  produced  by  tyrosinsulpfauric  add. 
(Hlasiwetz,  Ann.  Ch.  Pharm.  cxix.  199.) 

BVZiVBOPBZiOBBTZO  ACZB.  C*H'*SO«.— This  acid,  produced  by  the  action 
of  sulphuric  anhydride  on  phloretic  acid,  forms  a  very  sour  syrup,  easily  soluble  in 
water  and  in  alcohol  The  barium-salt,  C*H*Ba"S0*.3H*0,  crystallises  in  hard  appa- 
rently rhombo'idal  crystals ;  it  is  insoluble  in  alcohol  and  ether,  and  gives  off  its  water 
at  16°.  The  calcium-aalt,  C»H«Ca"S0«.4H»0,  is  crystalline ;  the  tnaanesium-sali, 
C»H"Mg''S0«.5n«0,  gummy.  The  sodium-saU,  C»H«Na«SO«  xHK),  forms  hard,  easily 
soluble,  crystalline  crusts,  which  give  off  thcii2^Mcr  at  260°.  (Na chb a ur,  J.  pr.  Chem. 
Ixxv.  45.) 

8ir&PB0PB08PBATB8  and  SVZiPBOPBOBPBZTXS*    See  Phosphorus, 

Sulphides  of  (iv.  603,  604). 

Sec  Opianic  Acid  (iv.  206). 

See  IxDioosuLPHURic  AaDS  (iii.  262). 


C*H*SO*.  By  treating  well-dried  pyromucic 
acid  with  sulphuric  anhydride,  a  yellow-brown  syrup  is  obtained,  which,  by  dilution, 
neutralisation  with  barj'ta,  and  evaporation,  yields  an  indistinctly  crystalline  barium- 
salt,  containing  (at  160°)  C*H«Ba"SO«.     (Schwanert,  Ann.  Ch.  Pharm.  cxvi.  268.) 

SV&PBOQVZWZO  ACZB.    Syn.  with  Quinukk-sulphuric  Aao  (p.  26). 

SITZiPBOBBTZV  Y JkZC  ACZ1>.  An  acid  isomeric  with  sulphocumolic  acid, 
obtained,  according  to  Cahours  and  Gerhardt,  by  treating  retinyl  (iv.  98)  with  fuming 
sulphuric  acid.  Its  barium-salt  is  less  soluble  than  the  sulphocumolate,  and  separates 
on  evaporation  in  ciystalline  crusts,  which  have  not  the  nacreous  aspect  of  the  sulpho- 
cumolate. (Gerhardt,  iii.  388.) 

SUZiPBOBUVZC  AOZD.    See  Ikdigosulfhuric  Aans  (iii.  262). 

•U&VBO0AOOBAB1O    or    SU&PBOOliVCZC     ACZB.      C'^H'SO^'     - 
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4(>H»«0«.S0»  ?  (Peligot»  Ann.  Ch.  Phye.  [2]  Lnrii.  68.>--Prepared  by  treating 
gIaco«e  with  14  pt.  of  strong  sulphuric  add,  mixing  the  materials  by  small  quantitieB 
and  in  a  cooled  yesseL  By  saturating  with  carbonate  of  barium,  and  treating  the 
filtrate  with  basic  acetate  of  lead,  a  lead-salt  is  precipitated,  containing  (at  170^)  18*05 
per  cent.  C,  2*5  H,  55'16  PbO,  and  4*6  SO*,  agreeing  approximately  with  the  formiila 
C'*H**F1>*S0'^. — By  decomposing  this  lead-salt  with  sulphydric  acid,  sulphosaccharic 
acid  is  obtained  in  the  form  of  a  liouid,  which  reddens  litmus,  and  has  a  sweet  and  sour 
taste,  like  that  of  lemonade.  It  does  not  precipitate  barium-salts ;  in  fact,  nearly  all 
its  siilts  are  soluble.  It  is  very  unstable,  decomposes  at  ordinary  temperatures  in  a 
vacuum,  and  quickly  at  the  heat  of  the  water-bath,  into  glucose  and  sulphuric 
acid. 

((TH^O)") 
SmUPBOSAUOniOAOXD.  C'H*SO*  »  C'n*0'.SO'  -       (S0)'70«.~Thi8 

acid,  discorered  by  Cahours  (Ann.  Ch.  Phys.  [3]  xiii.  92),  and  more  fully  examined 
by  Mend  ins  (Ann.  Ch.  Pharm.  ciii.  39  ;  Jahresb.  18d7»  p.  319),  is  produced  by  ex- 
posing perfectly  dry  salicylic  acid  (nrepared  from  wintergrecn  oil)  to  the  rapour  of 
sulphuric  anhydride.  The  product  dissolyed  in  a  small  quantity  of  water  is  separated 
by  filtration  from  unaltered  salicylic  acid ;  the  filtrate  is  saturated  with  carbonate  of 
barium ;  the  resulting  barium-salt,  which  separates  partly  a^  the  filtrate  cools,  partly 
on  evaporation,  is  decomposed  by  a  slight  excess  of  sulphuric  acid ;  the  filtered  solution 
is  partially  saturated  with  carbonate  of  lead ;  the  leaa  is  precipitated  by  sulphydric 
acid ;  the  concentrated  filtrate  is  left  over  oil  of  vitriol  till  it  deposits  sulphosalicylic 
acid  in  crystals ;  and  these  are  freed  from  the  viscid  mother-liquor  by  means  of  abso- 
lute alcohol. 

Sulphosalicylic  acid  crystallises  in  long  thin  needles,  which  are  dissolved  in  all 
proportions  by  water,  alcohol,  and  ether,  and  absorb  moisture  from  the  air.  It  is  a 
very  strong  and  permanent  acid.  Its  solution  dissolves  zinc  with  evolution  of  hydro- 
gen, and  is  not  decomposed  by  heating  with  nitric  or  hydrochloric  acid,  either  dilute 
or  concentrated ;  by  lx>iling  with  a  mixture  of  the  two,  however,  it  is  resolved  into 
sulphuric  and  salicylic  acids,  the  latter  being  further  converted  into  perchloroquinone 
(chloranil),  which  separates  in  yellow  fiocks.  Sulphosalicylic  acid  melts  at  120°,  and 
decomposes  at  higher  temperatures,  giving  off  phenol  and  a  sublimate  of  salicylic  acid. 
(Mendius.) 

Sulpho salicylates. — Sulphosalicylic  acid  is  dibasic,  forming  neutral  acid  and 
double  salts.  They  are  all  soluble  in  water  (the  lead  and  silver-salts,  however,  sparingly 
soluble),  and  nearly  all  are  insolnble  in  alcohol  and  ether.  With  ferric  salts,  they  pro- 
duce a  deep  violet  coloration,  inclining  more  to  red  than  that  produced  by  salicylic  acid. 
They  do  not  give  off  the  whole  of  their  crystallisation-water  below  ISO'' — 200^,  and 
decompose  at  higher  temperatures,  with  evolution  of  phenol ;  the  acid  salts  also  yield 
a  sublimate  of  salicylic  acid. 

The  a )nmontttm-«a/<  is'difficult  to  obtain  pure,  its  solution  turning  brown  and 
giving  off  ammonia  when  evaporated. 

Barium-salts.— The  neutral  salt,  C'H*Ba''S0«.3II«0,  prepared  as  above,  is 
crystalline,  easily  soluble  in  hot,  less  easily  in  cold  water. — The  acid  salt, 
C'*H;»Ba"SH)'«.4H«0,  or  C'H*Ba"S0«.0^«S0«.4H«0,  crystallises  in  oblique,  irregular, 
six-sided  prisms. 

The  calcium-salt,  C'H*Ca*'SO*.H*0,  forms  hemispherical  groups  of  silky 
needles. 

Copper-salts.— The  neutral  salt,  C^H^Cu'SO*  (at  180®),  obtained  by  decomposing 
the  barium-salt  with  cupric  sulphate,  forms  cauliflower-shaped  masses  of  crystals,  ex- 
tremely soluble  in  water.— A  basic  salt,  C'H*Cu"S0'».Cu"0.2H*0,  is  obtained  as  a  green 
crystalline  powder  by  digesting  the  acid  with  recently  precipitated  cupric  oxide  and 
evaporating. 

The  lead-salt,  C'HTb"SO*,  crystallises  indistinctly  in  small  round  nodules. 

The  magnesium-salt,  C'H*]!k^*S0*.3H*0,  crystallises  in  long  irregularly  cross- 
ing rectangular  prisms,  which  become  opaque  in  the  air,  and  dissolve  very  easily  in 
water.  The  solution,  mixed  with  sal-ammoniac  and  ammonia,  is  not  precipitated  by 
phosphate  of  sodium  till  boiled. 

Potassium-salts.— The  neutral  salt,  C^*K'^0\2E}0,\s  permanent  in  the  air, 
very  soluble  in  water,  less  soluble  in  alcohol,  and  may  be  crystallised  from  the  latter. 
— The  acid  salt,  C'H*KS0«.2H»0,  separates  from  a  hot  concentrated  solution  in 
spherical  groups  of  needles.— Another  acid  salt,  C'H*K^*S0».C'H*K0M1*0,  separates 
from  a  soluUon  of  the  neutral  salt  mixed  with  a  small  quantity  of  free  acid. — Potassio- 
cupric  and  potassio^plumbic  sulphosalia/latcs  have  been  obtained  as  uncrystallisable 
masses. 
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The  silver-salt,  C'H*Ag*SO*.IPO,  obtained  by  digesting  PocenUy  precipitated 
silver-oxide  in  tbo  hot  aqueous  acid,  is  sparingly  soluble  in  cold,  easily  soluble  in  hot 
water. 

Sodium-salts. — ThenetUral  salt,  C'H*Na'S0*.3H'0,  forms  transparent,  ooloar> 
less,  oblique,  six-sided  prisms,  which  do  not  give  off  all  their  water  till  heated  to  200^ ; 
it  dissolves  easily  in  water. — A  sodio-fotassie  salt,  C'H*KNaS0*.4H*0,  obtained  by 
neutralising  the  acid  potassium-salt  with  carbonate  of  sodium,  crystallises  in  rectan- 
gular prisms  having  a  silky  lustre. 

The  zinc -salt,  CH^Zn^SO^-SHK),  resembles  the  magnesium-salt 

Ethylic  Sulphosalieylate,  C'H*(C*H»)«SO*,  is  formed  by  the  action  of  othylic 
iodide  on  argentic  sulphosalicylate,  and  separates  from  alcoholic  solution  in  8oft> 
kneadable,  silky  crystals,  which  are  perfectly  neutral,  melt  at  56^,  and  distil  unal- 
tered  with  water.    (M  e  n  d  i  u  s.) 

SVZiPBOBXVAPZC  or  A&&TZr-8U&PBOCASBAllKZO   ACZO.     C'H'NS^ 

e'H».H)  T^ 

-  C»H»CyS.H'S  «      (CS)"  Vg.     (Will,  Ann.  Ch.  Pharm.  lii.  30.)— This  acid  is  not 

known  in  the  free  state.  Its  salts  nuiy  be  regarded  as  compounds  of  allylic  sulpbo< 
cyanate  (oil  of  mustard)^  with  metallic  sulphydrates,  and  those  which  are  soluble  may 
lie  produced  by  the  direct  union  of  these  constituents ;  also  by  the  action  of  allylic 
sulphocyanate  on  the  alkaline  solutions  of  the  corresponding  hydrates.  The  insoluble 
salts  are  formed  by  precipitation. 

The  ammonium-salt,  C*H»«N»S»  -  (C>H»)CNS.(NH^)HS,  formed  as  above  by  direct 
combination,  solidifies  to  a  magma  of  colourless  laminee ;  it  is  very  unstable,  decom- 
posing spontaneously  at  ordinary  temperatures. 

The  potassiujn-sali,  C«H«KNS«  « ,  (C'H*)CyS.KHS,  separates  by  slow  evaporation 
from  an  alcoholic  or  even  an  aqueous  solution  of  potassic  sulphydrate,  to  which 
mustard-oil  is  added  as  long  as  its  odour  is  destroyed,  in  large  rhombic  phites ;  by 
quicker  evaporation  in  smaller  crystals.  It  may  also  be  prepared  by  slowly  dropping 
oil  of  mustud  into  a  concentrated  solution  of  potash  in  absolute  alcohol ;  decanting 
the  solution  after  several  hours  from  the  crystallised  potassic  carbonate,  diluting  it 
with  water,  and  evaporating  the  pale-yellow  filtrate  to  a  syrup :  this,  when  set  aside, 
deposits  shining  cr^'stals  of  potassic  sulphosinupate.  The  salt  cannot,  however,  be 
obtained  quite  pure. 

The  crystals  of  potassic  sulphosinapate  are  transparent  and  colourless  so  long  as 
they  remain  in  the  liquid,  but  on  exposure  to  the  air  they  become  opaque  and  yellow, 
lose  their  form,  and  become  partly  insoluble  in  water.  The  aqueous  solution  of  the 
recently  prepared  s.'ilt  may  be  heated  without  giving  off  the  odour  of  mustard-oil ;  but 
on  mixing  the  heated  solution  with  nitrate  of  silver,  sulphide  of  silver  is  precipitated, 
and  the  odour  of  mustard-oil  becomes  perceptible.  The  dried  salt-,  when  heated,  gives 
off  mustard-oil,  and  yields  a  brown  liver  of  sulphur.  When  decomposed  by  sulphuric 
acid,  it  yields  a  large  quantity  of  sulphydric  acid,  but  no  sulphur. 

The  sodium-salt,  C*H*NaNS'.3H''0,  is  formed  by  direct  combination,  and  separates 
in  nacreous  laminae,  which  are  unctuous  to  the  touch,  and  when  heated,  first  melt,  and 
then  give  off  a  large  quantity  of  mustard-oil ;,  it  cannot  be  kept  without  decomposing. 

The  barium-salt,  C»H«Ba''N^S'.4H«0     -     2C«n*C^'S.Ba"H^«.4HH).  is  obtained: 

(1 )  by  heating  oil  of  mustard  with  a  solution  of  barium-sulphydrate  containing  alcohol ; 

(2)  by  passing  sulphydric  acid  gas  through  aqueous  alcohol  containing  hydrate  of 
barium  and  oil  of  mustard  in  suspension;  (3)  it  is  deposited  from  the  mother- 
liquor  of  the  alcoholic  solution  of  the  compound  of  allylic  sulphocyanate  and  sulphide 
of  barium  (p.  519).  It  forms  crystalline  laminae  resembling  the  sodium-salt  and  very 
soluble. 

The  calcium-salt,  as  obtained  by  the  second  method  of  preparing  the  barinm-salt, 
forms  a  slightly  yellow  transparent  jelly,  which  decomposes  in  drying. 

The  lead-salt,  C»H"Pb"N«S«,  is  obtained  by  adding  neutral  acetate  of  lead  to  a  very 
dilute  solution  of  the  potassium-salt  acidulated  with  acetic  add,  as  a  whito  precipitate, 
which  decomposes  partially,  even  during  washing  and  drying  in  a  vacuum  over  oil  of 
vitriol,  and  quickly  at  100^,  yielding  oil  of  mustard,  sulphide  of  lead,  and  free 
sulphur. 

When  decomposed  by  sulphuric  acid,  it  gives  off  abundance  of  sulphydric  acid, 
without  the  slightest  odour  of  mustard-oil. 

The  soluble  sulphosinapatos  yield  with  ropprr-salts  a  grecu  precipitate,  and  with 
silvet'salts  a  white  precipitate,  both  of  which  quickly  bhu?ken  and  decompose,  even 
when  immediately  thrown  on  a  filter  and  washrii  with  cold  water. 

•V&PBOBZVAPZSZV.  The  name  given  by  lionry  and  Qarot  to  8u]2)h(X'yaiiato 
of  sinapinc.     (S«*e  Sixaimnk,  p.  308.) 


SULPHOSDCCINIC— SULPHOTOLYLAMIC  ACID.       527 

(C'fl^O*)'") 

smuPHosvccnno  AczD.    c*H«80'   -   C'n«o\so«    -     (SO)"  }o\ 

H»     3 

(Feb ling,  Ann.  Ch.  Pharm.  xxxviii.  286;  xlix.  203.)— Produced  by  exposing 
succinic  acid  to  the  vapour  of  sulphuric  anhydride  in  a  yessel  externally  cooled,  and 
heating  the  resulting  Tiscous  mass  to  40®  or  '60°  for  several  hours.  The  product  is 
dissolved  in  water,  the  solution  sa'turated  with  carbonate  of  lead,  the  lead-salt 
decomposed  by  sulphydric  acid,  and  the  filtered  solution  evaporated  in  a  vacuum  over 
oil  of  vitriol. 

Sulphosuccinic  acid  thus  obtained  forms  mammellated  crystals,  very  soluble  in 
water,  alcohol,  and  ether;  it  has  a  very  sour  taste,  and  decomposes  quickly  when 
heated,  leaving  an  abundant  carbonaceous  residue.  The  crystals  absorb  moisture 
from  the  air ;  their  aqueous  solution  is  partially  decomposed  by  evaporation  over  the 
wat«r-bath. 

Sulphosuccinate s. — ^The  acid  is  tribasic,  tlie  neutral  snlphosucci nates  of  mona- 
tomic  metals  having  the  composition  C^U'M'SO^  The  acid  saturates  bases  com- 
pletely, and  efven  decomposes  acetates. 

The  neutral  ammonium-salt,  C*H*(NH*)"SO'.HK),  is  obtained  by  placing  a  strong 
solution  of  the  acid,  together  with  aqueous  ammonia,  under  a  bell-jar,  in  the  form  of  a 
syrup,  which  ultimately  becomes  filled  with  needles  having  an  acid  reaction. 

Potassium-salts.— The  nsutral  or  tnpotassic  salty  2C*I1»K*S0',3H*0,  is  obtained  by 
saturating  the  acid  with  potassic  carbonate  and  evaporating  in  a  vacuum,  as  a  syrup 
containing  a  few  deliquescent  crystals ;  but  on  adding  a  small  quantity  of  acid  to  the 
liquid,  it  quickly  solidifies  to  a  crystalline  pulp.  The  salt  is  insoluble  in  absolute 
alcohoL  It  gives  off  a  third  of  its  water  in  a  vacuum,  the  rest  when  heated. — The 
dipotassic  salt,  C'li^K'S0^.2H*0,  obtained  by  adding  sulphosuccinic  acid  to  the 
neutral  salt,  is  very  soluble  in  water,  and  has  an  acid  reaction. 

The  neutral  sodium-salt,  obtained  by  decomposing  the  barium-salt  with  sulphate  of 
sodium,  is  also  very  soluble  in  water. 

The  neutral  barium-salt,  C«H*Sa*S*0"  (at  100°),  is  a  white  precipitate,  obtained  by 
precipitating  the  neutral  potassium-salt  with  barium-chloride ;  it  is  very  soluble  in 
nitric  or  hydrochloric  acid ;  dissolves  also  in  sulphosuccinic  acid,  the  solution,  when 
left  in  a  vacuum,  depositing  crystals  which  appear  to  consist  of  an  acid  salt. 

An  addcalcium^salt,  C*H^Ca"SO'  (at  100°),  is  obtained  by  dissolving  calcic  carbonate 
in  sulphosuccinic  acid  and  evaporating  to  dryness. 

The  magnesium-salt  is  uncrystallisable.  The  sulphosuccinates  of  manganese,  iron, 
cobalt,  nickel,  and  copper  appear  to  be  soluble,  inasmuch  as  the  potassium-salt  does 
not  precipitate  the  solutions  of  these  metals. 

The  neutral  lead-salt,  C»HfP6*S'0".3H«0,  is  a  white  precipitate,  obtained  by  adding 

acetate  of  lead  to  an  alkaline  sulphosuccinate.  A  basic  salt,  C*H*Pb"S*0".Pb''0  (at 
100°),  is  formed  by  treating  the  neutral  salt  with  ammonia. 

The  silver-salt  is  a  white  precipitate,  which  decomposes  completely  during  washing, 
acquiring  a  deep-green  colour. 

SVXiPBOSU&PBAllRXZC  ACZ9.  Syn.  with  Amtlsulphubovs  Acid.  (See 
Sulphurous  Ethers.) 

SV&PBOSTAJtV ATSS  and  SinbPBOSTAmrXTBB.  See  Tin,  Sulphides  of. 

SVZiPBOTBZAiIJBATXS  and  SOTBOTBZiIiintlTBS.  See  Tkllukium, 
Sulphides  of. 


Syn.  with  Thymtlsulphurous  Aab.    (Sec  Sulphu- 
rous Ethers.) 

SV&VBOTO&VO&ABKZBB  or  SUXiPBOBBVZTXiAMZBB.  C'lI^NSO^— 
This  compound,  homologous  with  sulphophenylamide,  and  prepared  by  a  similar  process 
(p.  623),  crystallises  from  hot  water  in  needles  or  in  lamina.  When  in-ated  with 
pentachloride  of  phosphorus,  it  is  converted  into  a  thick  oil,  which  is  decomposed  by 
water,  with  reproduction  of  the  amide;  when  distilled  with  the  pentachloride,  it  gives 
off  a  liquid  which  partly  dissolves  in  water,  the  solution  also  yielding  cr}'8tais  of 
sulphotoluolamide.     (Fittig,  Ann.  Ch.  Pharm.  cvi.  277.) 

SV&FBOTO&inXZC  CBXOBXBB.  C'H'SO^Cl.    Syn.  with  Eexzylsulphuroi^ 
Chloridb.     (See  Sulphurous  Ethers.) 

SirZiFBOTO&TXJLMZC  or  VEXVTLBXTLBJLAMJLC  ACZB.    CH'^NSO'     » 

p7TJ7  XT  \ 

(SOy  [  o       (E.  Sell,  Ann.  Ch.  Pharm.  cxxvi.  153 ;  Chcm.  Soc.  Qu.  J.  [2]  i.  18G.)  - 
H      j 
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Produced  by  carefully  mixing  9  pt«.  faming  Bulphuric  acid  with  6  pta.  finely  diTided 
toluidine  (benzylamine),  and  eently  heating  tlie  syrupy  mass  till  it  gives  oif  alrandaDce 
of  sulphurous  anhydride.  The  solution  is  mixed  with  cold  water,  decolorisM  by 
boiling  with  animal  charcoal,  and  evaporated  till  it  assumes  a  reddish-yellow  colour ; 
the  acid  then  separates  in  light-yellow  needles,  which  may  bo  purified  by  reciystal- 
lisHtion  from  water.  The  first  mother-liquor  yields  rhomboidal  crystals,  probably  of 
benzyldisulpliamic  acid  (p.  480). 

The  sulphotolylamutes  or  benzylsulphamatcs  are  mostly  very  soluble  in 
water;  the  barium-salt  crystallises  in  groups  of  laminae  ;  the  silver-salt,  C'U'AgNSO*, 
in  white  laminae,  which  turn  grey  when  exposed  to  liglit. 


BVXiFBOTAZPBOBPBAMXBX. 


N'PH«S    =    ^^/  |n*.   (H.  Schiff,Ann. 


Ch.  Pharm.  ci.  299.) — This  compound  appears  to  be  formed  by  the  action  of  ammonia- 
gas  on  phosphoric  sulphochloride : 

PSC1«  +   3NH«     -     snCl   +   N»PSH«. 

The  white  mass  formed  by  the  reaction  is  decomposed  slowly  by  cold,  immediately  by 
warm  water,  with  evolution  of  sulphydric  acid.  Alcohol  extracts  sal-ammoniac  from 
it,  and  at  the  same  time  decomposes  the  other  body  contained  in  it,  which  ia  probably 
sulphotriphosphamide. 

(PS)*") 
TripheJiyl-suIphotriphosphantidf,  (C*H*)*In*,  appears  to  be  contained,    together 

H»     ) 
with  hydrochlorate  of  aniline,  in  the  white  mass  produced  by  the  action  of  phosphoric 
sulphochloride  on  aniline.     (S  c  h  i  f  f. ) 

SUXiPBOVAVABATaS  and  SITLPBOVAVADZTBS.    See  Vanadhtm ,  Sul- 
phides OF. 


Syn.  with  Ethylsulphubic  Actd.    (Soo  Sulphuric 
Ethers.) 

See  Indioosulphubic  Acid  j  (iii.  262). 

See  Cyanogen,  Sulphtdratbs  of  (ii.  285). 

COZTBBBZOZC  A.CZX>.  C'H«SO«  =  C^H«0».SO«.  (Grieas,  Zeitschr. 
Ch.  Pharm.  1864,  p.  638.) — This  acid,  isomeric  with  sulphosalicylic  acid,  is  produofd 
by  dissolving  sulphato-diazobeuzoic  acid  *  in  warm  concentrated  sulphuric  acid  : 

C'H^N*0«.SH«0*     -     C'H«0«.SO«  +  N«. 

It  crystallises  out  when  the  evolution  of  gas  has  ceased,  and  is  obtained  by  rccrystal- 
lisation  from  water,  in  white  laminae,  soluble  in  alcohol  It  is  dibasic,  like  sulphosa- 
licylic acid.  The  neutral  barium-salt,  C'H*Ba"SO*,  crystallises  in  sparingly  soluble 
prisms.  By  strong  nitric  acid,  it  is  resolved  into  sulphuric  and  tritro-oxybemsoic 
acids. 

The  name  sulphoxybenzoic  acid  was  formerly  applied  byGriess  (Jahresb. 
1861,  p.  418)  to  the  compound  C*H'SO',  produced  by  the  action  of  sulphydric  acid  on 
the  platinum-salt  of  chlorhydrato-diazobenzoic  acid  (iv.  294). 

BJmPtnntm  Atomic  Weighty  3 ;  Symbol,  S.  Vapour-detuity  »  32,  referred  to 
hydrogen,  or  2'218,  referred  to  air  as  unity. 

Sulphur  («a/,  vvp),  or  brimstone  (brenne-Bione),  has  been  known  from  the  earliest 
times.  It  occurs  native,  either  in  the  form  of  transparent  amber-coloured  crystala 
{virgin  sulphur),  or  in  opaque,  lemon-yellow,  ciystaUine  masses  {wdcanic  sulphur). 
It  is  found  principally  in  Sicily,  in  beds  of  a  blue  clay  formation,  considered  to  be 
more  recent  than  the  chalk.  The  sulphur  is  imbedded  in  a  matrix  of  rock-salt^ 
gypsum,  and  celestine.  Similar  beds  containing  sulphur  exist  in  other  parta  of  Europe 
and  in  Mexico.  It  is  also  found  occasionally  in  primitive  rocks,  granite,  mica,  &c. 
It  abounds  in  the  lava-fissures  of  volcanic  craters,  as  instanced  especially  in  the  case 
of  the  Solfatara  near  Naples  {Forum  Viilcani),  and  in  the  volcano  of  Popocatepetl  in 
Mexico.  Sulphur  also  occurs  native  in  combination  with  different  mfetala,  forming 
metallic  sulphides,  of  which  the  principal  are  blende,  iron-pyrites,  copper-pyrites, 
galena,  cinnabar,  grey  antimony,  and  realgar.  Sulnhydric  acid  occurs  in  hepatic 
mineral  waters,  and  among  the  products  of  animal  decomposition.    Sulpbuoua  add 

*  Obtained  in  needle-shaped  crystals  bj  dissolving  nitfato-diaxobenxoic  add  (Iv.  994)  In  ralpharic 
arid  diluted  with  an  equal  hulk  of  water,  then  adding  8  vols,  alcohol  and  afterwards  ether.  When 
healed  somewhat  above  100°.  it  is  resolved  into  sulphuric  acid,  sulphoxybcnxoic  acid, and*  verrperma- 
nent  sulpho-acid,  C'^HiosO^,  which  is  inMluble  In  water.  .(Q  r  i  ess.; 
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b«comei  negkUvdj  eleetne.  Itj  ipacifte  ^lity  in  Um  nadv*  ajwbUiaa  itata  ia  IW. 
It  bcg^Dt  to  malt  ftC  114'6S  ksd  tt  120°  it  eoiiT«itMl  into  a  pndKUj  limpid,  pala- 
jglloir  liquid,  which  ii  liffhlar  thsn  solid  aolphur.  PrDTidBd  t£«  taaipeimUn*  (d  1S0° 
hu  DOt  bfien  much  exceeded,  it  molidiflflA  Mnddealy  mt  that  Bama  tfloiparaiata  into  a 
tiaiifpsTeiit  nusB,  which  retaina  iu  Imupanncy  for  a  long  limr.  Bjhfiating  aalplnn' 
to  a  temperature  much  above  120°,  iU  congaaling-poiDt  i*  lowcrad  tc  Ill'S",  fmmi  tha 
production  of  a  pecoliar  modiBeation  of  t£e  elraient.  Snlpliiii  wfaicti  Iiaa  baan  sdd> 
gealed  at  this  low  tfmperaitnre  ia  at  first  traupareat,  but  beooBea  inaqiw  nacli  Bcaa 
rapidly  tiian  thut  which  haa  beeD  congealed  at  120°.  Ai  melted  aoipbai  ia  gndiBllj 
heated  abora  1S0°,  it,  becomea  dariLei  and  more  Tisdd,  nutil,  at  the  tampsatan 
of  3U0— 350°,  it  i>  n  thick  that  the  flaak  in  which  it  ia  eoDtaiaed  may  be  uiTOtad 
without  any  ontflov  lAkiug  placa.  Tha  temperatuia  of  matimnm  riacidi^  nmaiM 
CODBtaDt  for  Bome  time,  owing  to  a  eoosidenbla  abaotptioa  of  latent  heat.  At  fun 
SA0^300°  and  upwards,  tha  sulphur  again  tiqoe&aa,  but  doaa  not  beootna  ao  fliud  M 
at  IIG — 120°  when  fint  melted-  On  cooling  it  paoaea  inTeraaly  thioi^  the  aana 
ehan^a  of  ataca.  Sulphur  boila  at  440°,  aju  ia  coDrerted  entirelj  into  an  i 
coloiuvd  TBpouF.  According  to  Binean,  whoea  atatemant  baa  recenUy  b 
by  Daville  and  Trooat,  tha  denaity  of  fulphur-Tapour,  when  taken  at  the  Mmpamnra 
of  1000°,  ia  S2  timea  aa  great  aa  that  of  hydiogeD  at  the  aame  temperataie ;  but  ita 
denaity  taken  at  about  600°  ia  anomaloua,  being  three  timaa  aa  great  aa  it  ahould  ba 
theoretically.  Sulphur  raporiMB  to  a  alight  extent  at  ordinary  temparatmea ;  ao  that 
a  piece  of  ailFer-leef,  Buipended  at  lome  distance  above  a  stick  of  aalphor,  bacoKica 
■lowlr  tranaformed  into  aalphide  of  ailver. 

Sulphur  ii  remarkable  for  the  great  number  of  allotiopic  foma  in  whieli  it  cut 
eiiat.  Of  theia,  however,  there  are  two  pnocipal  well-charaeteriard  Tarieliea,  namely, 
Ute  aoluble  aod  iasoluble.  and  macy  minor  mcdiflcationa.  Berthelot  diatioffnialiaa  tha 
iolnbU  variety  by  the  name  of  electro-negative  lulphnr,  beoanaa  it  »  tlwlbrm 
which  apprara  at  the  poaitive  pole  of  the  battery  during  ae  electrolyaia  of  nlphydiiE 
acid,  and  u  aepanted  Irom  tlta  combinationa  of  lulphnr  with  tha  alectto-poMtiTe  tnalala. 


The  inaolnbla -nriety  he  diatiDgniahea  aa  electro- poaitlTe  anlpliar,  beanMitia 
the  fbrm  which  appsuv  at  the  negative  pole  during  tJia  electrolyaia  of  anlphnrma  add, 
and  aapajatea  mia  the  compounds  of  aolphur  with  the  electro-negabve  nlementa, 
chlorine,  bromine,  oxygen,  &c.  The  following  are  tha  moat  important  modiflcationa  of 
aoluble  aulphnr^— 

1.  The  oelahtdrat  yariftj,  frequently  repreaented  by  the  symbol  So,  which  ia  f2iB  moat 
stable,  and  tha  one  inln  which  all  the  other  varieties,  soluble  or  insoluble^  tend  to 
changd.  It  ia  the  form  in  which  uatlce  sulphur  is  found,  and  in  which  the  ciTBtala  of 
Bulpbnr,  obtained  by  the  spant&neaus  evaporation  of  itaaolutionij]  carbonio  dianl^'dc, 
are  nsnally  deposited.  Its  specific  gmvity  is  205,  and  ita  melting-point,  according  to 
Brodie,  114'6°.  It  ia  readily  soluble  in  carbonic  disulphide,  disolplude  of  dilorina, 
beciene,  turpentine,  petroleum,  &c. ;  slightly  soluble  in  alcohol  and  ether.  Ita 
crystalline  form  is  that  of  an  elongated  oct^edron,  belunging  to  the  trimetiic  or  right 
prismatic  STStem  {fig.  ~B2\  with  the  modifications  shown  in  Jigi.  783,  784.  Axes, 
a  :  ft  :  r  -  0'8106  :  1;  1-89B.  Angle,  P  :  P  (brach,)  -  lOfl"  ir;  P:  P  (mad.) 
-  84°  68';  P:  P  (basal)  -  143"  17';P=o;Pcb  (basal)  -  124°  24'.  Cittjagt  im- 
perfect pnrallel  to  P  und  oeP. 
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it  in  a  very  tliin  stream  into  cold  water.  It  is  thai  obtained  aa  a  aoft,  ^Uowish- 
brown,  aemitranaparent  mass,  capable  of  being  drawn  oat  into  fine  alastie  thieada 
BOMeaeed  of  considerable  tenadtj.  This  salphar  baa  a  specific  grayitj  1*96,  and  ia 
insoluble  in  carbonic  disulphide.  When  salphur  heated  to  800^  ia  anddenlj  coolad 
by  a  miztare  of  solid  carbonic  anhydride  and  ether,  it  solidifies  into  a  hard  perfectly 
transparent  mass,  which  becomes  soft  and  elastic  at  ordinary  temperatorea.  This 
appears  to  be  the  solid  state  of  plastic  salphar.  Another  form  of  plastic  salphar  mar 
be  obtained  by  acting  apon  met^dlic  salphides  with  boiling  nitric  or  nitromanatic  add. 
Ordinaiy  plastic  sulphur  gradually  returns  in  the  course  of  a  few  hours  to  its  brittle 
state,  reacquires  its  yellow  colour,  and  becomes  conrerted  almost  entirely  into  the 
octahedral  variety,  the  conversion  being  accompanied  by  evolution  of  heat.  If 
plastic  sulphur  be  heated  to  100°,  the  diange  takes  place  suddenly,  and  the  tempera- 
ture rises  to  110^.  According  to  Brodie,  salphar  begins  to  pass  into  the  plaatic  state 
at  a  temperatare  veiy  little  above  120°;  and  tbe  g^radual  loss  of  transparency  in 
crystallised  prismatic  sulphur  depends  upon  the  hardening  of  plastic  sulphur  enclosed 
nMHrhanically  between  the  crystals.  Salphur  which  has  been  converted  from  the 
plastic  into  the  brittle  state  does  not  dissolve  entirely  in  carbonic  disulphide,  but,  aa 
before  observed,  leaves  a  buff-coloured  residue  of  insoluble  sulphur,  the  proportioii  of 
which  may,  it  is  said,  be  increased  by  frequently  causing  the  same  sulphur  to  aasnme 
alternately  the  plastic  and  the  brittle  state. 

The  black  and  red  modifications  of  sulphur,  described  by  Magnoa  to  reanlt,  the 
former  from  exhausting,  with  carbonic  disulphide,  the  mass  produced  by  the  frequent 
alternate  atrong  heating  and  sudden  cooling  of  sulphur,  and  the  latter  from  heatins 
the  black  modification  to  a  temperature  of  130 — 160°,  are  considered  by  Mitedie«iich 
to  depend  upon  the  presence  of  greasy  impurities  in  the  sulphur.  When  aolntionB  of 
sulphydric  acid  and  ferric  chloride  are  mixed  together,  a  blue  precipitate  ia  anmeiimea 
formed,  which  is  said  to  be  a  peculiar  allotropic  form  of  sulphur. 

Salphur  may  be  made  to  combine  directly  with  the  great  majority  of  the  elements. 
Hydrogen-gas  and  sulphur-vapour  bum  in  one  another,  though  not  very  readily,  to 
form  sulphydric  acid,  H'S.  When  molted  sulphur  is  treated  with  chlorine-gas,  disnl- 
phide  of  chlorine,  Cl^,  is  produced,  and  similar  reactions  take  place  with  bromine 
and  iodine.  Sulphur  is  highly  inflammable,  and  when  heated  in  air  or  oxygen  to  a 
t(>mperature  of  250°,  takes  firo,  and  bums  with  a  clear  blue,  feebly  luminoua  flame, 
being  converted  into  sulphurous  oxide,  SO'.  Carbonic  disulphide,  CS',  xeanlta 
from  passing  sulphur-vapour  over  red-hot  charcoal.  Sulphur  also  unites  directly  with 
phosphorus,  arsenic,  silicon,  and  boron.  Nearly  all  the  metals  combine  directly  with 
sulphur,  either  at  ordinary  or  increased  temperatures.  Zinc,  iron,  copper,  lead,  aflTsr, 
tin,  &c.,  burn  in  sulphur-vapour  with  great  brilliancy,  the  combutftaoo,  saTB  of  the 
zinc  and  iron,  commencing  spontaneously,  provided  the  metal  is  in  a  saffloently  diridfld 
Ftate.  Moreover,  mixtures  of  sulphur,  water,  and  finely-divided  metal — iron  or  copper, 
for  instance— begin  to  react  at  ordinary  temperatures,  evolve  a  considerable  amount 
of  heat,  and  yield  hydrated  protosulphide.  Sulphur,  when  acted  on  by  atrong  nitric 
or  nitrorauriatic  acid,  at  a  gentle  heat,  is  gradually  dissolved,  with  production  of  sol- 
pburic  acid,  H'SO*.  Caustic  alkalis  also  dissolve  sulphur  readily,  with  formation  of 
metallic  sulphydrato  and  hyposulphite,  thus : 

4KH0   +   S*     -     2KHS  +  H«0   +  K«SK)«. 

The  two  atoms  of  sulphydrate  thus  produced  are  capable  of  dissolvinff  four  additional 
atoms  of  sulphur  to  form  a  metallic  pentasulphide  and  sulphydric  add :  2E1HS  ^  Q* 
«  K»S*   +   H»S. 

Sulphur  in  its  chemical  relations  is  the  representative  of  oxygen,  to  which  it  is 
equivalent,  atom  to  atom.  The  two  elements,  though  very  dissimilar  in  their  ordinazr 
physical  characters,  correspond  veiy  closely  in  the  nature  of  the  compounda  whira 
thev  form,  and  in  the  properties  they  exhibit  when  both  are  in  the  gaseoua  state. 
Although  salphur  rarely,  if  over,  displaces  oxygen  by  direct  elementary  aubatitation, 
yet  the  two  elements  are  mutuallv  interchangeiJile  by  double  decomposition  of  their 
respective  ooiBpounds;  and  in  the  great  majority  of  instances  where  oxygen-com- 
pounds are  obtainable  by  addition  of  oxygen,  analogous  sulphur-compounds  are 
obtainable  by  the  addition  of  sulphur.  Thus,  when  cyanide  of  potasmum,  KCN,  ia 
treated  with  peroxides,  we  obtain  oxyc^anate  of  potassium,  KCNO ;  and  by  treating  it 
with  sulphur,  or  persulphides,  we  obtain  sulphocyanate  of  potassium,  KCN8.  Again, 
oxygen-gas  and  sulphur-vapour  aliko  support  the  comj)ustion  of  hydrogen,  charcoal, 
phoephoms,  and  the  metals,  to  form  predsely  analogous  compounds.  The  followinff  are 
a  few  illnstrations  of  the  number  and  variety  of  corresponcung  compounds  to  which 
oxygen  and  sulphur  respectively  give  origin  : 

KHO,    C0«,    C«H«0,    C1»P0,    K»PO«,      Sb«OS«,    K«SnO«,    &c 
KHS,     CS«,     Cll%     C1*PS,     K'PO«S,    Sb«S»,       K«SnS",     &e. 
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In  the  first  case,  however,  the  occurrence  of  the  sulphnrouB  chloride,  SOCi*,  is,  for  the 
most  part,  masked  by  the  formation  of  secondary  products,  as  of  sulphuiouB  anhydride — 
thus: 

S0C1«  +   C^*O.Na.O     -     NaCl  +   C'HH)C1  +   S0«. 

Acetate  of  sodium  is  decomposed  by  tetrachloride  of  sulphur  in  the  same  manner  as 
the  benzoat«,  but  the  chloride  of  acetyl  produced  acts  on  another  portion  of  the  sodic 
benzoate,  forming  acetic  anhydride. 

The  compounds  of  tetrachloride  of  sulphur  with  metallic  chlorides  are  obtained,  for 
the  most  part,  by  passing  chlorine-eas  over  the  respective  sulphides. — ^The  aluminmm' 
compound,  2A1C1'.SC1*,  is  produced  by  gently  heating  chloride  of  aluminium  with 
disnlphide  of  chlorine,  and  passing  chlorine  over  the  resulting  dark-red  mass  at 
a  somewhat  higher  temperature.  A  yellow  oily  liquid  is  thus  obtained,  which  ulti- 
mately solidifies  to  a  crystalline  mass.  It  is  deoompc«ed  by  water,  with  great  eroliition 
of  heat,  yielding  free  sulphur,  alumina,  hydrochloric,  sulphuric,  and  hyposulphuroiis 
acids  (R.  Weber,  Pogg.  Ann.  civ.  421).— The  antimony-ampound,  7StiCA\ZQlCi\ 
obtained  by  heating  grey  sulphide  of  antimony  in  a  stream  of  chlorine,  is  a  white 
amorphous  powder,  which  melts  when  heated,  and  is  resolved  into  disolphide  of 
chlonne,  free  chlorine,  and  trichloride  of  antimony.  It  is  oiddised  and  diasolred  by 
nitric  acid,  and  absorbs  ammonia  in  somewhat  considerable  quantity  (H.  Rose,  Pogg. 
Ann.  xlii.  532). — The  tin-compoundy  SnCl*.2SCl\  produced  by  the  action  of  ehlorina  on 
stannic  sulphide,  forms  fine  large  cnrstals,  which  fume  strongly  in  the  air ;  may  be 
fused  and  sublimed  without  decomposition ;  are  gradually  dissolved  by  nitric  acid,  with 
formation  of  stannic  oxide  and  sulphuric  acid;  form  with  water  an  add  liquid, 
milky  from  separated  sulphur;  and  absorb  ammonia-gas,  with  eonsidearmble  evolution 
of  heat,  forming  a  yellow-brown  mass  which  is  decomposed  by  water  (H.  Rose,  Po^. 
Ann.  xlii.  617). — A  titanium-^fompoHnd  of  uncertain  composition,  bat  apparent 
containing  less  than  2  at.  SGI*  to  1  at  TiCl*,  is  produced  by  mixing  titanic  chloride 
with  brown  chloride  of  sulphur,  or  by  passing  chlorine-gas  over  titanic  sulphide.  The 
first  process  yields  it  in  lai^  yellow  crystals ;  the  second  only  as  a  crystalline  mass. 
It  deliquesces  rapidly  in  contact  with  the  air,  melts  when  heated,  solidifies  i&  the 
crystaUine  state  on  cooling,  and  sublimes  without  deoompositioD.  (H^Bose,  ibid. 
p.  627.) 

SV&PBintv  cnrAJrZBX  of.    See  SuLPHOCTAyic  AicHTDBiDB  (p.  515). 

SUXPBint,  BSnCTZOW  An  BSTZWATZOW  or.  l.  Reaetiont.-^ 
The  most  important  compounds  in  which  sulphur  occurs  are  the  metallic  sulphides, 
sulphates,  sulphites  and  hyposulphites,  and  certain  organic  compounds. 

Most  metallic  sulphides  are  insoluble  in  wat^er ;  those  of  the  alkali-metals  and 
alkaline  earth-metals,  however,  dissolve  in  water — the  former  undecomposed,the  latter 
with  partial  decomposition  (p.  483).  The  solutions  give  with  lead-salts,  &;c.,  the 
reactions  of  sulphydric  acid  (i.  217 ;  iii.  204).  Sulphides  heated  on  charcoal  in  the 
oxidising  blowpipe-flame  give  off  all  their  sulphur  as  sulphurous  anhydride,  which  may 
be  detected  by  its  odour ;  or  if  the  sulphide  be  heated  in  an  inclined  glass  tube  open  at 
both  ends,  so  that  a  current  of  air  may  pass  over  it,  sulphurous  anhydride  will  also  be 
formed,  and  may  be  detected  by  its  odour,  acid  reaction,  &c  (p.  640).  On  fusing  a 
sulphide  on  charcoal  with  sodic  carbonate  or  a  mixture  of  that  «ilt  and  borax,  placing 
the  piece  of  charcoal  containing  the  fused  mass  on  a  plate  of  polished  silver,  and 
moistening  it,  a  black  or  brown  stain  of  sulphide  will  be  formed  on  the  metal. 
Metallic  sulphides,  acted  upon  by  strong  nitric  or  nitromuriatie  acid,  are  rapidly 
oxidised,  forming  metallic  oxide  or  chloride,  sulphuric  acid,  and  usually  some  free 
sulphur,  which  melts  into  globules  very  difficult  to  oxidise. 

Metallic  sulphates  are,  for  the  most  part,  easily  soluble  in  water;  the  sulphates 
of  strontium,  calcium,  lead,  and  mercurosum  are  but  slightly  soluble,  and  the  barium- 
salt  is  almost  insoluble  in  water,  and  likewise  in  hydrochloric  and  nitric  add.  In 
soluble  sulphates,  therefore,  sulphuric  acid  is  easily  detected  by  addition  of  chloride 
or  nitrate  of  barium,  which  forms  a  precipitate  insoluble  in  acids.  In  insoluble  or 
sparingly  soluble  sulphates,  the  sulphuric  add  is  detected  bv  boiling  the  salt  with  a 
concentrated  solution  of  an  alkaline  carbonate,  whereby  an  alkaline  sulphate  is  formed, 
which  dissolves  in  the  water.  Sulphates  heated  before  the  blowpipe  on  charcoal  with 
sodic  carbonate,  yield  sulphide  of  sodium,  in  which  the  sulphur  may  be  detected  in  tha 
manner  above  mentioned.    (See  Sulphates). 

The  sulphites  of  the  alkali-metals  are  soluble  in  water;  the  rest  are  insoluble 
or  sparingly  soluble,  but  dissolve  in  excess  of  sulphurous  acid.  Sulphites  are  easily 
detected  by  the  characteristic  odour  of  sulphurous  anhvdride,  which  tney  evolve  when 
treated  with  hydrochloric  or,  better,  with  dilute  sulphuric  acid.  Hyposulphites 
treated  in  the  same  way  also  give  off  sulphurous  anhydride,  but  are  distmguishcd  from 
sulphites  by  likewise  yielding  a  deposit  of  sulphur.     (See  Sultuiii,  Oxtgem-aods  or.) 
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In  the  first  case,  however,  the  occurrence  of  the  salphuroos  chloride,  SOCi^  is,  for  the 
most  part,  masked  by  the  formation  of  secondaiy  products,  as  of  sulphuxoua  anhydride — 
thus : 

SOCl*  +  C'H*O.Na.O     -     Naa  +  C'H*Oa  +  S0». 

Acetate  of  aodivm  is  decomposed  by  tetrachloride  of  sulphur  in  the  same  manner  as 
the  benzoate,  but  the  chloride  of  acetyl  produced  acts  on  another  portion  of  the  sodic 
benzoate,  forming  acetic  anhydride. 

The  compounds  of  tetrachloride  of  sulphur  with  metallic  chlorides  are  obtained,  for 
the  most  part,  by  passing  chlorine-gas  over  the  respective  sulphides. — The  aluminha^ 
compound,  2A1C1'.SC1*,  is  produced  bv  gently  heating  chloride  of  aluminium  with 
disulphide  of  chlorine,  and  passing  chlorine  over  the  resulting  dark-red  mass  at 
a  somewhat  higher  temperature.  A  yellow  oily  liquid  is  thus  obtained,  which  ulti- 
mately  solidifies  to  a  crystalline  mass.  It  is  decomposed  by  water,  with  great  erolution 
of  heat,  yielding  free  sulphur,  alumina,  hydrochloric,  sulphuric,  and  hyposulphnniiis 
acids  (R.  Weber,  Pogg.  Ann.  civ.  421).— The  antimony-compound,  2SbCP.3Sa\ 
obtained  by  heating  grey  sulphide  of  antimony  in  a  stream  of  chlorine,  is  a  white 
amorphous  powder,  which  melts  when  heated,  and  is  resolved  into  disulphide  of 
chlorine,  free  chlorine,  and  trichloride  of  antimony.  It  is  oxidised  and  dissolved  by 
nitric  acid,  and  absorbs  ammonia  in  somewhat  considerable  quantity  (H.  Rose,  Pogg. 
Ann.  xlii.  532). — The  tin-compound,  SnCl\2SCP,  produced  by  the  action  of  chlorixie  oo 
stannic  sulphide,  forms  fine  large  cirstals,  which  fume  strongly  in  the  air ;  may  be 
fused  and  sublimed  without  decomposition ;  are  gradually  dissolved  by  nitric  acid,  with 
formation  of  stannic  oxide  and  sulphuric  acid;  form  with  water  an  acid  liquid, 
milky  from  separated  sulphur;  and  absorb  ammonia-gas,  with  considerable  erolution 
of  heat,  forming  a  yellow-brown  mass  which  is  decomposed  by  water  (H.  Rose,  Fb^. 
Ann.  xlii.  517). — A  titanium-compound  of  uncertain  composition,  but  apparent 
containing  less  than  2  at.  SGI*  to  1  at.  TiCl*,  is  produced  by  mixing  titanic  chloride 
with  brown  chloride  of  sulphur,  or  by  passing  chlorine-gas  over  titanic  sulphide.  The 
first  process  yields  it  in  lai^  yellow  ciystals ;  the  second  only  as  a  crystalline  mass. 
It  deliquesces  rapidly  in  contact  with  the  air,  melts  when  heated,  sdlidifles  in  the 
crystalline  state  on  cooling,  and  sublimes  without  decomposition.  (H.Rose,tiML 
p.  527.) 

8ir&PBU&,  CTAJrZBB  OF.    See  Sulphoctanic  Aiihtdkidb  (p.  516). 

SITLVBVS,  BBTSOTZOV  AVB  BSTlHrATZOV  OF.  1.  Reactions.— 
The  most  important  compounds  in  which  sulphur  occurs  are  the  metallic  snlphidea^ 
sulphates,  sulphites  and  hyposulphites,  and  certain  organic  compounds. 

Most  metallic  sulphides  are  insoluble  in  water ;  those  of  the  alkali-metals  and 
alkaline  earth-metals,  however,  dissolve  in  water — the  former  undecomposed,  the  latter 
with  partial  dfHrom position  (p.  483).  The  solutions  give  with  lead-salts,  &e,,  the 
reactions  of  sulphydric  acid  (i.  217 ;  iii.  204).  Sulphides  heated  on  charcoal  in  the 
oxidising  blowpipe-flame  give  off  all  their  sulphur  as  sulphurous  anhydride,  which  may 
be  detected  by  its  odour ;  or  if  the  sulphide  be  heated  in  an  inclined  glass  tube  open  at 
both  ends,  so  that  a  current  of  air  may  pass  over  it,  sulphurous  anhydride  will  uso  be 
formed,  and  may  be  detected  by  its  odour,  acid  reaction,  &c.  (p.  540).  On  fusing  a 
sulphide  on  charcoal  with  sodic  carbonate  or  a  mixture  of  that  Gudt  and  borax,  placing 
the  piece  of  charcoal  containing  the  fused  mass  on  a  plate  of  polished  silver,  and 
moistening  it,  a  black  or  brown  stain  of  sulphide  will  be  formed  on  the  metal. 
Metallic  sulphides,  acted  upon  by  strong  nitric  or  nitromuriatie  acid,  are  rapidly 
oxidised,  forming  metallic  oxide  or  chloride,  sulphuric  acid,  and  usually  some  free 
sulphur,  which  melts  into  globules  very  difficult  to  oxidise. 

Metallic  sulphates  are,  for  the  meet  part,  easily  soluble  in  water;  the  snlphatn 
of  strontium,  calcium,  lead,  and  mercurosum  are  but  slightly  soluble,  and  the  barium- 
salt  is  almost  insoluble  in  water,  and  likewise  in  hydrochloric  and  nitric  add.  In 
soluble  sulphates,  therefore,  sulphuric  acid  is  easily  detected  by  addition  of  chloride 
or  nitrate  of  barium,  which  forms  a  precipitate  insoluble  in  acids.  In  insoluble  or 
sparingly  soluble  sulphates,  the  sulphuric  acid  is  detected  by  boiling  the  salt  with  a 
concentrated  solution  of  an  alkaline  carbonate,  whereby  an  alkaline  sulphate  is  formed, 
which  dissolves  in  the  water.  Sulphates  heated  before  the  blowpipe  on  charcoal  with 
sodic  carbonate,  yield  sulphide  of  sodium,  in  which  the  sulphur  may  be  detected  in  the 
ipanner  above  mentioned.    ^See  Sulphates). 

The  sulphites  of  the  alkali- metals  are  soluble  in  water;  the  rest  are  insoluble 
or  sparingly  soluble,  but  dissolve  in  excess  of  sulphurous  acid.  Sulphites  are  easily 
detected  by  the  characteristic  odour  of  sulphurous  anhydride,  which  tney  evolve  when 
treated  with  hydrochloric  or,  better,  with  dilute  sulphuric  acid.  Hyposulphites 
treated  in  the  siime  way  also  give  off  sulphuromt  anhydride,  but  are  distinguished  from 
sulphites  by  likewise  yielding  a  dcpo:$it  of  uulpbur.    (See  Sulpuus,  Oxtoem-acios  of.) 
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fahl-ore,  with  considerable  evolution  of  heat ;  and  when  the  bulb  oontiuuBg  the  mineral 
has  cooled,  it  is  gently  heated  in  order  to  separate  the  volatile  chlorides,  whi^ 
■lost  be  driven  beyond  the  space  between  the  two  bulbs.  Those  elements  whidi  avs 
volatilised  as  chlorides  are  sulphur,  arsenic^  aniimonv,  mercwy,  part  of  the  iron, 
(and,  if  too  strong  a  heat  has  been  applied,  some  of  the  nne) :  those  which  remain 
in  the  bulb  as  non- volatile  chlorides,  are  copper,  silver,  sine,  and  the  greater  part  of 
the  iron. 

For  the  analysis  of  the  volatile  chlorides,  the  bulb-tube  is  divided  between  the 
two  bulbs,  and  the  portion  containing  the  sublimate  is  covered  with  a  wide  tube,  doted 
at  one  end,  and  moistened  on  the  inside  with  water,  in  which  position  it  is  left  for  24 
hours.  The  sublimate  thus  absorbs  water  gradually,  and  may  then  be  dissolved  out 
by  water,  without  the  evolution  of  heat  and  prol»ble  loss  which  would  ensue  if  this 
precaution  were  neglected.  The  tube  being  thoroughly  rinsed  out,  the  solution  is 
added  to  the  liquid  in  the  receiver,  any  sulphur  that  senarates  is  filtered  of^  and  any 
antimony  that  separates  is  dissolved  by  heat.  The  acia  solution  is  then  satorated  wita 
sulphydric  acid,  the  washed  precipitate  digested  with  sulphide  of  ammoniuni,  and  the 
unaissolved  sulphide  of  mercury  collected  on  a  filter,  dried  at  100^,  and  weighed 
(Hg"S  :  Hs  "  29  :  25).  The  sulphides  of  antimony  and  arsenic  are  prcdpitated 
from  the  sulphide  of  ammonium  solution  by  dilute  sulphuric  acid,  and  the  metals  sepa- 
rated in  the  manner  described  under  Absknio  (i.  868).  The  filtrate  (containing  tar- 
taric acid)  is  neutralised  with  ammonia;  sulphide  of  ammonium  added;  the  predpitated 
sulphide  of  iron  filtered  off,  washed  with  water  containing  sulphydric  aeio,  and  dis- 
solved in  hydrochloric  acid ;  the  solution  heated  with  nitric  add ;  and  the  iron  pre- 
dpitated by  ammonia. 

The  bulb  containing  the  non-volatile  chlorides  is  digested  with  dilate  hydro- 
chloric acid,  till  only  chloride  of  silver  remains  undissolved ;  this  is  weiffhed  as 
described  at  p.  298.  From  the  solution  the  copper  is  precipitated  bj  sn^hydnc 
acid ;  and  the  iron  and  zinc  are  separated  as  described  under  Inoir  (iii.  386V 

The  sulphur  is  best  estimatea,  in  a  separate  portion  of  the  ore,  by  raaion  with 
8  pts.  chlorate  of  potassium  and  3  pts.  carbonate  of  sodium. 

This  mode  of  analysis  is  applicable  to  boumonite  (sulphides  of  antimony,  lead,  and 
copper),  red  silver-ore  (sulphides  of  antimony  or  arsenic  and  silver),  and  otlier 
minerals  resembling  fahl-ores  in  composition.  When  lead  is  present^  tiie  chlorides 
must  be  distilled  at  a  yery  gentle  heat,  so  that  the  lead  may  remain  with  the  non* 
volatile  chlorides;  and  when  these  chlorides  are  treated  with  dilute  hydrochloric  add, 
a  large  quantity  of  water  must  be  added,  to  insure  the  complete  solution  of  ths 
plumbic  chloride.    (Conington's  Handbook  of  Chemical  Analysis,  p.  218.) 

The  sulphides  of  thealkali-metals  andalkaline  earth-metals  are  sometimes 
analysed  by  decomposing  them  with  hydrochloric  acid,  receiving  the  evolved  sulphydric 
add  in  a  solation  of  acetate  of  lead,  oxidising  the  precipitated  sulphide  of  lead  with 
fuming  nitric  acid,  weighing  the  sulphate  of  lead  thus  produced,  and  thence  calcnlat- 
inff  the  quantity  of  sulphur.  In  the  sulphides  of  gold  and  platinum,  from  which  the 
sulphur  is  completely  expelled  by  ignition,  its  amount  may  be  determined  by  weig^iing 
the  residual  metal. 

From  all  non-metallic  elements,  except  selenium  and  tellurium,  sulphur  may  be 
separated  in  the  same  way  as  from  the  metals,  viz.,  by  oxidation  to  sulphuric  add,  and 
precipitation  as  barium-sulphate.  The  methods  of  separating  it  from  selenium  and 
tellurium  are  given  under  SsLBiauM  (p.  225). 

The  sulphur  in  organic  compounds  may  likewise  be  estimated  by  oxidising  the 
compound  with  fuming  nitric  acid,  and  precipitating  the  resulting  sulphuric  add  with  a 
baryta-solution  (i.  247).  Another  method,  given  by  W.  J.  R u s  s ell  (Chem.  See  Qu,  J. 
vii.  212),  is  to  bum  the  substance  in  a  combustion-tube  with  oxide  of  mercuir,  car- 
bonate of  sodium  being  added  to  take  up  the  sulphuric  acid  produced,  and  a  small  bent 
tube  dipping  under  water  fitted  into  the  open  end  of  the  combustion-tube,  so  that  any 
acid  vapours  that  escnpe  may  be  condensed  in  the  water.  At  the  end  of  the  combus- 
tion, this  liquid  is  acidulated  with  hydrochloric  acid,  the  tube  washed  out  with  the 
acid  solution,  the  liquid  filtered,  and  the  sulphuric  add  precipitated  by  chloride  of 
barium. 

The  quantitv  of  sulphuric  acid  in  a  soluble  sulphate  is  estimated  by  predpitating 
the  aqueous  solution  with  chloride  of  barium.  Some  sulphates  which  are  inpofi^ble  in 
water,  may  be  dissolved  in  hydrochloric  or  nitric  add,  and  the  baiyta-solution  then 
added.  The  sulphates  of  ealdum,  strontium,  and  lead  may  be  decomposed  by  boilinc 
with  a  solution  of  sodic  carbonate,  and  the  sulphuric  acid  predpitated  by  chloride  <n 
barium  from  the  filtered  solution  previously  acidulated  with  nitric  or  hydrochloTie 
add.  Sulphate  of  barium  may  be  analysed  by  fusing  it  in  a  platinum  crudble  with 
three  times  its  weight  of  sodio  carbonate;  the  fused  mass  digested  in  water ;  tlie  fil- 
tered soda-solution  addulated ;  and  the  sulphuric  add  precipitated  as  above. 
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Sulphuroiui  and  sulphuric  acids  are  convertible  into  one  another  by  oxidation  and 
deoxidation  respectively. 

Snlphurons  and  sulphuric  chlorides,  SOCl*  and  SO'Cl',  yield  sulphnrous  and  sul- 
phuric acids  respectively  by  treatment  with  water  [replacement  of  CI*  by  (HO)*],  and 
may  be  reproduced  from  those  acids  by  the  jiction  of  pentachloride  of  pho^^honia.  Thej 
may  also  be  produced  from  the  chlorides  of  sulphur  (p.  634). 

Allied  to  tne  sulphates  there  is  a  group  of  salts  called  thiosnlphates  or  mors 
frequently  hyposulphites.  Their  composition  is  that  of  sulphates  (M'SOM,  in 
which  1  at.  oxygen  is  replaced  by  sulphur,  their  general  formula  being  M'SK)'.  When  a 
sulphite,  such  as  Na*SO',  is  acted  upon  by  oxygen  or  a  peioxidised  substance,  it 
becomes  an  oxysulphate,  Na'SO^ ;  when  acted  upon  by  sulphur  or  a  perBulphoretted 
substance,  it  becomes  a  thiosulphate,  Na^S'O'. 

There  is  also  a  remarkable  series  of  acids  called  polvthionie  aeida  containing 
six  atoms  of  oxygen  and  two  or  more  atoms  of  sulphur,  viz. : 

B*SK>*  Dithionic  add. 
H«8«0«  Trithionic  acid. 
H^K)«  Tetrathionic  add. 
H'SK)*  Pentathionic  add. 

The  corresponding  anhydrides  are  not  known. 

The  dithionates  (also  called  htmotulphates)  are  formed  directly  from  sulphurous 
anhydride  and  a  metallic  peroxide,  thus:  MnO*  -i-  2S0*  -  Mn^SH)*.  When  heated 
they  break  up  into  a  sulphate  and  sulphurous  anhydride,  e,g.  Mn'SK)*  *■  Mn*80* 
+  SO*.  The  tri-,  tetra-,  and  penta-thionates  nndeigo  a  similar  droompod- 
Uon  when  heated,  but  yield  sulphur  in  addition. 

Bnlplraraiis  CMiipoiuids. 

DiOXIBB    OF    SULPHUB,    SuLPHUBOUS     OxiDB,    OT    SVLPHVBOTTS    AhHT- 

DBiDB,  SO*. — This  compound  occurs  as  gas  in  volcanio  neighbourhoods,  in  the 
gaseous  state  and  dissolved  in  the  water  of  the  springs.  It  is  formed  artifidailj 
either  by  oxidation  of  sulphur  or  by  deoxidation  of  sulphuric  add : — (a)  By  buzniiig 
sulphur  in  air  or  oxygen,  by  roasting  metallic  sulphides,  or  by  heating  sulphur  wiS 
metallic  oxides,  those  of  copper  and  manganese  for  instance;  {h)  By  heating  sulphurie 
acid  with  copper,  mercury,  or  other  metals,  or  with  charcoal,  sulphur,  or  organic  bodies. 
It  also  results  from  the  decomposition  of  thiosulphuric  and  dithionic  adds. 

iVepara/ion.— Sulphurous  oxide  is  usually  prepared  by  the  deoxidation  of  sulphuric 
add.  For  preparation  on  the  laboratory  scale,  strong  sulphuric  add  is  heat«a  with 
copper  or  mercury : 

Hg  +  2fPS0«     m,     Hg'SO*  +  2H*0  +  S0«. 
Cu«  +  2H«S0«     -     Cu«SO«    +  2HK)  +  S0«. 

The  sulphurous  oxide  then  passes  off  as  gas,  and  the  residue  consists,  in  the  case  of 
rcercuiy,  of  mercuric  sulphate,  in  the  case  of  copoer,  of  cuprous  sulphate,  mixed,  aeeoid- 
ing  t9  Maumen6,  with  cuprous  and  cupric  sulphiaes.  Hie  gas  may  be  passed  through  a 
small  quantity  of  water  to  wash  it,  and  then  dried  over  chloride  of  caldum.  In  the 
manufactory,  charcoal,  straw,  sawdust,  &c.,  are  substituted  for  the  metals,  but  the 
sulphurous  oxide  obtained  by  means  of  these  substances  is  always  contaminated  with 
about  half  its  bulk  of  carbonic  dioxide.  Wach  (Schw.  J.  1.  26)  recommends  a  labocatory 
process  for  making  sulphurous  oxide,  by  heatinc  sulphur  and  sulphuric  oxide  together 
in  sealed  U-tubes,  whereby  the  sulphurous  oxide  is  obtained  in  the  liquid  state,  at 
the  cooled  extremity. 

Properties. — At   common  temperatures,    sulphurous  oxide  is  a  gas,  but  it  may 
very  readily  be  condensed  into  tne  liquid  state  by  a  pressure  of  three  atmospheres,  or 
by  a  freezing  mixture  of  ice  and  salt.    The  liquid  oxide  may  be  obtained  in  Isjge 
quantities  by  Iieatin^  copper  turnings  with  sulphuric  acid,  and  passing  the  evolved 
CHS  first  through  a  bttle  water  to  wash  it,  then  through  an  empty  U-tube  surrounded 
by  ice  to  cool  the  gas  and  condense  its  moisture,  then  through  a  chloride  of  caldum 
tube  to  render  it  perfectly  dry,  and  lastly  into  a  suitable  receiver  immersed  in  a  frees- 
ing  mixture  of  salt  and  ice.    The  product  thus  obtained  may  be  preserved  in  sealed 
tubes,  or  in  soda-water  bottles  firmly  corked  and  wired,  orpreferably  closed  with  a 
vulcanised  caoutchouc  pad  retained  by  a  screw-clamp.     When  the  liquid  oxide  is 
evaporated  rapidly  under  the  air-pump,  or  when  it  is  cooled  by  a  mixture  of  solid  car- 
bonic dioxide  and  ether,  it  solidifies  in  white  semidystalUne  flakes.      Solid  snl- 
-phurous  oxide  is  heavier  than  the  liquid.    It  melts  at  about  —  79^.  The  liquid  oxide  is 
a  colourless,  transparent,  mobile  fluid.    Its  specific  gravity  is  1*45.    It  boils  at  —10?. 
Respecting  the  tension  of  its  vapour,  as  determined  by  Regnault,  see  Heat  (iii.  M). 
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BQlpboroni  acid  and  oxide  reduce  the  artenic,  chromie,  and  permanganic  acid%  and 
precipitate  metallic  gold  from  itti  chloride.  They  also  precipitate  tellurinm  and  aelNiium 
uom  telluriouB  and  aeleniona  acids  respectiyely,  and  eulphur  firom  sulphydric  acid. 

For  the  detection  of  sulphurous  oxide  in  gaseous  mixture,  Sehiff  (Ann.  Ck 
Fharm.  cxviii.  91)  recommends  the  use  of  paper  moistened  with  solution  of  mexcaroas 
nitrate,  which  hecomes  grf^y  from  precipitation  of  metallic  mercury.  Bright  metaUie 
copper  heated  with  hydrochloric  acid  containing  sulphurous  acid  immediately  becomsi 
dull,  then  erey  and  brown,  or  brown-black,  from  formation  of  sulphide.  The  deposit 
thus  formed  is  distinguished  firom  that  produced  by  arsenic  under  similar  circumstances 
by  not  adhering  closely  to  the  metal,  by  not  disappearing  when  heated  in  a  tube,  and 
by  not  dissolving,  with  evolution  of  hydrogen,  when  boiled  with  moderately  dilute 
hydrochloric  acid.  Eeinsch  (Zeitschr.  anal.  Chem.  i.  220)  recommends  this  reaction 
as  a  yery  delicate  test  for  sulphurous  acid ;  but  according  toFresenius  (jUnd,  i.  221), 
it  is  not  nearly  so  delicate  as  that  with  iodate  of  potassium  and  starch. 

Sulphurous  Chloridb,  SOCl*.  Chloride  of  ThionvL  Sujpkurous  Chlor- 
aldehyde. — This  compound,  derived  firom  sulphurous  acia,  SO.HO.HO,  by  the 
aubstitution  of  2  at.  cnlorine  for  2  at.  hydroxyl,  is  formed  by  the  action  of  mln 
alcohols,  adds,  dec.  on  the  sulphides  of  chlorine  (pp.  534,  636) ;  but  is  move  easily 
prepared  by  the  action  of  phosphoric  pentachloride  on  sulphurous  oxide  ^Sehif  f^  Ana. 
Ch.  Fharm.  cii.  Ill),  or  by  that  of  phosphoric  oxychloride  on  sulphite  of  mlgnw 
(Carius,t6M;.  Ixx.  297): 

S0»  +  TCI*     -     POCl*  +  S0C1». 

3CaS0«  +  2P0C1*     -     Ca«PH)«  +   3S0C1*. 

It  is  separated  by  firactional  distillation  firom  the  fixed  calcic  phosphate  pvodneed 
simultaneously  in  the  second,  and  by  fiuctional  distillation  firom  Uie  phosphoric  oxy- 
chloride produced  in  the  first  reaction. 

Sulphurous  chloride  is  a  colourless,  stronffly  refracting  liquid,  which  boils  at  82^. 
It  is  decomposed  by  water,  yielding  hydrochloric  and  sulphurous  acids ;  bj  alcohols 
with  formation  of  hydrochloric  add  and  alcoholic  chlorides  and  s^hites  (p.  686X 
and  by  ammonia,  with  formation  of  thionamide:  CPSO*  +  2N^  >■  HH)  'f 
(NH*)«SO. 

MxTALLic  Sulphites. — Sulphurous  add,  as  already  observed,  is  dibasic,  forming 
normal  or  neutral,  and  add  salts  represented  by  the  formuls  M^O*  and  MHSO*  for 
monatomie  metals ;  and  by  corresponding  formtde  for  polyatomic  metals ;  also  doable 
salts.  The  sulphites  have  been  examined  chiefly  by  Muspratt  (Ann.  Gh.  Phann.  L 
269 ;  Ixiv.  240)  and  Rammelsberg  (Fogg.  Ann.  Ixvii.  246,  391). 

Sulphites  are  usually  made  by  transmitting  gaseous  sulphurous  oxide  throngh  water 
in  which  metallic  hydrates  or  carbonates  are  dissolved  or  suspended.  The  add  sulphites 
of  barium,  strontium,  caldum,  and  magnesium,  and  the  neutral  and  add  sulphites  of 
lithium,  sodium,  and  potassium,  are  soluble  in  water.  Most  other  sulphites  are 
insoluble,  and  may  be  prepared  by  predpitation  with  a  sulphite  of  alkali-metaL  The 
sulphites  DPSO*  and  MHSO*,  present  a  great  analogy  to,  and  are  for  the  most  jMit 
isomorphous  with,  the  carbonates,  MKSO^  and  MHCO*  respeetiyely.  Both  add  and 
neutral  sulphites  form  well-defined  crystals,  sometimes  hyorated,  but  more  generally 
anhydrous.  The  sulphites  are  decomposed  at  a  red  heat,  either  into  snlpiate  and 
sulphide,  or  into  sulphurous  anhydride  and  metallic  oxide.  When  heated  with  ehar- 
ooaJ,  they  are  completely  reduced  to  the  state  of  sulphides,  or  in  some  cases  to  that 
of  oxides.  They  are  also  readily  reduced  in  the  moist  way  by  stannous  chloride^  or  by 
nascent  hydrogen  evolved  ^m  hydrochloric  add  and  zinc,  with  A)rmation  of  metallic 
sulphide  or  of  sulphydric  add.  The  sulphites,  particularly  if  in  solution,  become  con- 
verted into  sulphates  by  exposure  to  air,  or  by  treatment  with  oxidising  agents,  such 
as  nitrous  add,  hypochlorous  acid,  chlorine,  &c.  The  solutions  also,  when  acted  on  by 
sulphur,  sulphydric  add,  or  alkaline  sulphydrate,  form  thiosulphates  (hyposulphites! 
The  sulphites  are  decomposed  by  nearly  all  acids,  save  the  carbonic  and  bone,  witii 
liberation  of  sulphurous  acid.  The  acidified  solutions  of  the  salts  act  like  sulphurous 
acid  as  powerful  reducing  agents,  and  are  frequently  employed  as  such  in  analysis. 
Add  sulphite  of  sodium  was  at  one  time  much  used  as  an  antichlore  (i.  810). 

Bnlpbite  of  Alumlnlimi,— A  basic  sulphite,  Al^O'.SO'.fHK)  or  Al^SO^. 
4A1H'0*.6H'0,  is  obtained,  according  to  Gougginsperg,  by  dissolving  recently  predpi- 
tated  aluminic  hydrate  in  cold  aqueous  sulphurous  acid,  or  passing  sulphnrous  gas 
into  water  in  which  the  hydrate  is  suspended.  On  heatine  the  resiuUng  solution,  the 
salt  separates  as  a  white  earthy  powder,  which  must  be  collected  on  a  filter  while  hot, 
as  it  redissolves  on  cooling.  It  is  insoluble  in  pure  water,  and  on  exposure  to  the  air 
is  gradually  converted  into  sulphate. 

BiUpliiteB  of  AmmoBiam,— The  neutreU  salt,  (SR*ySO*MK>,  is  prepared  by 
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which  gives  off  sulphurouB  oxide  when  heated  (Muspratt).  Aeoording  to  Berthier, 
BulphurouB  oxide  passed  into  a  eolation  of  potassic  chromate  forms  a  brown  precipi- 
tate, gradually  turning  green,  and  dissolTing  to  a  green  liqaid,  whidi  deposilB  a 
basic  salt  on  cooling. 

BnlplUtea  of  Cobalt. — a.  Cobaltoui  Sulphite^  Co'SO*  Bepazates  on  addition 
of  alcohol  to  the  solution  of  cobaltons  carbonate  in  snlphnrona  acid,  as  a  floecnlent 
precipitate  probably  containing  1  at  water.  From  a  solution  freed  tram  air  bj  boiling 
and  left  to  cool  in  a  closed  vessel,  red  granular  crystals  separate  containing  6  at  water 
(Muspratt).  The  same  solution  evaporated  down  in  an  atmospheze  of  hydrogen, 
gives  off  sulphurous  oxide,  and  deposits  peachbloesom-coloured  crystals  of  a  salt  con- 
taining 8  at  water.  The  mother-liquor  on  cooling  deposits  a  light  zoee-eoloared 
powder,  probably  a  basic  salt  Ammonia  partially  dissolves  the  trihydrated  salt  with 
red-brown  colour,  and  alcohol  added  to  the  solution  throws  down  a  yellow  crystalline 
powder  containing  ammonia,  sulphurous  oxide^  and  probably  coboltic  oxide,  Co^. 
(Rammelsberg.) 

PotassiO'Cobaltoua  sulphUe,  K*0.Co''0.2S0*  -  K^Co^CSO*)*,  is  obUined,  aa  a  pale- 
red  crystalline  or  amorphous  precipitate,  bv  heating  cobaltons  sulphite  or  chloride 
with  neutral  sulphite  of  potastdnm,  or  by  boiling  cobaltie  hydrate  with  a  sniBcient 
quantity  of  the  alkaline  sulphate. — ^A  sodium-^t  containing  NaH).8Co''0.8SO'  or 

Na'Co'(SO*)'.Co''0,  is  prepared  in  like  manner.  Both  salts  oxidise  on  exposure  to 
the  air.    (W.  Schultze,  Zeitschr.  Ch.  Pharm.  1865,  p.  89 ;  Jahresb.  1866,  p.  270.) 

0.  Cobaltie  Sulphites. — ^A  warm  solution  of  ammonium-sulphite  dissolves 
recently  precipitated  cobaltie  hydrate,  with  evolution  of  ammonia,  rorming  a  dark 
alkaline  bquid ;  and  this,  if  strongly  saturated,  deposits  after  awhile,  a  reddish-yellow 
powder  which  redissolves  on  washing  with  water,  the  solution  then  graduallj  depo- 
siting yellow-brown  crystals,  and  afterwards  a  yellow  powder  containing  2(OoH)'.SSO'). 
10NH'.9H-O,  and  apparently  identical  with  Uie  purpureo-oobaltie  smphite  dnacribod 
by  K ii  n  z e  1  (i.  1 049).  The  mother-liquor  deposits  brown  crystals  which  are  deoomposed 
by  water,  yielding  a  yellow  salt  probably  identical  with  Kunzel's  triammonio-eobaltie 
sulphite  (L  1051).  (Geuther,  Ann.  Ch.  Pharm.  cxxviii.  167;  Jahzesbu  1863, 
p.  267.) 

Potassio-cobaJUic  mdphite,  K«0.Co*0«.4S0«  -  KCo"'(SO»)«,  is  formed,  by  heating 
cobaltie  hydrate  for  some  time  with  a  frequently  renewed,  concentrated,  nentral,  or 
slightly  alkalioe  solution  of  potassic  sulphite,  as  an  amorphous  powder  whkh  diasolvee 
slightly  in  sulphurous  or  hydrochloric  acid,  and  decomposes  in  orying. — AsotUum-^t, 
having  the  composition  Na'0.Co'0*.3S0*,  is  obtained  in  a  similar  manner.  (Genther, 
Schultze.) 

Snlphttea   of  Copper. — a.   A  basic  euprio  iulpkite,  4Cu''O.SO'.7H^  or 

Cu''SO'.3Cu''HK)*.4H«0,  is  obtained  by  adding  cupric  hvdrate  to  absolute  alcohol  sato- 
rated  with  sulphurous  oxide,  as  a  green  precipitate,  insoluble  in  water,  and  not  deoom- 
posed by  washing  therewith. 

0.  Cuprous  sulphite^  Cu*SO*. — The  anhydrous  salt,  which  has  a  bzows-ied 
colour,  is  obtained,  according  to  Bottger,  by  treating  cuprous  hydrate  with  aqoeons  sul- 
phurous acid.  The  same  salt  is  obtained  pure  and  as  a  hydrate, by paasinffsiilpharous 
oxide  throngh  water  in  wliich  ammonio-cuprous  salphite  is  suspended.  ^The  latter  is 
thus  converted  into  an  insoluble  red  powder,  which  on  boiling  tne  liquid,  is  oonverted 
into  a  mass  of  microscopic  crystals  consisting  of  Cu*SO*.H'0,  resembling  the  red 
double  salt  in  general  appearance,  but  lighter-coloured,  and  exhibiting  under  the 
microscope,  distinct  quadratic  prisms  or  ociahedrons,  whereas  the  double  salt  orstal- 
lises  in  oblique  prisms.  Caprous  sulphite  is  converted  by  hvdrochlorie  ada  into 
cuprous  chloride,  and  dissolvea  by  ammonia  to  a  colourless  liquid  which  does  not  torn 
blue.     (Rogojski,  J.  pr.  Chom.  liii.  408.) 

Ammonio-euprous  sulphite,  (NH*)CaSO',  is  obtained  in  colourless  laminae  by  deoom- 
posing  cupric  sulphate  with  excess  of  ammonium-sulphite,  and  passing  sulphurous  oxide 
through  the  brown  liouid  till  it  becomes  colourless ;  or  by  passing  the  sulphurous  gas 
(not  too  long)  through  an  ammoniacal  solution  of  cupnc  sulphate  (Bogojski);  or 
by  adding  sulphite  of  ammonium  at  the  boiling  heat  to  a  solution  of  cupric  sulphate 
or  nitrate  strongly  supersaturated  with  ammonia,  till  it  becomes  ooIourleaB;  the 
resulting  solution  mixed  with  excess  of  nitric  acid  and  exposed  to  the  air,  depoaita  the 
double  salt  in  nacreous  six-sided  tables  (H.  Vohl,  J.  pr.  Chem.  xcv.  218).  It  is 
insoluble  in  cold  water,  and  is  decomposed  by  boilinff  water  into  sulphnxoas  oxide 
and  cuprous  oxide ;  also  by  sulphuric  add  into  metalhc  copper  and  cupric  sulphate. 
In  a  solution  of  cupric  sulphate  it  is  immediately  converted  into  red  eupRMO-eaprie 
sulphite  (Rogojski).— Another  double  salt,  containing  Cu«SO«.7(NH«)18O*.10lPO 
or  (NH«)'Cu(S0')«.6HK),  is  produced,  according  toP^an-de-Saint-Gilles  (Ann. 
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Snlpbites  of  Xrtdlmn.  (Birnbaum,  Ann.  Ch.  Fharm.  czxzvi.  177  ;  Jahresb. 
1866,   p.  283.)— «.   Iridic  Sulphite,  IxO^SO^ABH)  =  /^f|^'-— ^   passing 

Bulphuroiis  oxide  into  water  in  which  iridic  oxide  (iii.  322)  is  suspended,  part  of  the 
oxide  dissolves  with  light  olive-green  colour,  while  the  rest  remains  nndissolyed  as 
brownish-creen  iridic  sulphite.  This  salt,  when  dry,  forms  a  black-brown  amorphous 
mass ;  which,  when  heated,  gives  off  water,  sulphurous  acid  and  sulphuric  acid,  and 
leaves  black  oxide  of  iridium.  Hydrochloric  and  sulphuric  acids  dissolve  it  with 
green  colour  and  evolution  of  sulphurous  oxide ;  nitric  acid  and  potash  separate  bine 
iridic  oxide. 

jS.  Iridious  Sulphite,  lP(S0*)*.6H«0   «   ,^j^2|^  1 0«,6HK).— This  salt  is  contained 

in  the  light  olive-green  solution  above  mentioned,  and  separates  by  giadual  evapora- 
tion as  a  brown  amorphous  mass.  It  dissolves  easily  and  with  grey  colour  in  adds, 
and  whon  heated  with  potash,  becomes  first  brown,  then  green  and  blue. 

The  following  double  salts  of  iridious  sulphite  are  obtained  by  mixing  the  olive- 
green  liquid  filtered  from  iridic  sulphite  with  the  corresponding  alkaline  carbonates, 
in  quantity  not  sufficient  to  form  a  precipitate.  The  solutions,  when  left  to  them- 
selves, deposit  the  double  salts  as  dark  crystalline  precipitates : 

Ammonio-iridious  sulphite,     (NH*)«Ir"'(S0>)».3HH). 
Potessio-iridious  sulphite,       K«Ir'^(S0*)«.3H«0. 
Sodio-iridious  sulphite,  Na»Ir"'(S0»)«.4H«0. 

Bespecting  other  double  sulphites  of  iridium,  see  vol.  iii.  p.  322. 

Solpbitea  of  Xron.— a.  Ferric  salts,— The  neutral  8alt,'Fe'0*.3SO*  -  Fe*(SO*)» 

B  /p '"\t  ( ^**  ^^  °^^  known  in  the  solid  form.    The  red  solution  formed  by  dissolving 

ferric  hydrate  in  sulphurous  acid,  or  adding  an  alkaline  sulphite  to  a  ferric  salt, 
quickly  becomes    converted  into  ferrous  sulphate. — The  dibasic  salt,  2FeH>'.3SO' 

=    Fe«0".Fe«(SO«)*   =    /f^2}I|o»,  is  thrown  down  by  alcohol  from  the  red  solution 

above  mentioned,  as  a  yellow-brown  hydrated  precipitate,  which  ozidiaoi  in 
the  air  to  soluble  ferric  sulphate.— The  tribasic  salt,  Fe«0«J30*.6HK)   -  2FeK>«. 

Fe«(SO«)M»n«0   -   l?^9,Oo*.6H''0,  is  produced  by  treating  the  dibasic  salt  with 

water.  A  solution  of  ferric  oxide  in  sulphurous  acid,  exposed  to  the  air  for  several 
days,  deposits  the  tribasic  salt  as  a  rod-brown  precipitate  containing  7  at^  water 
(Muspratt,  Koene).  If,  on  the  other  hand,  the  same  solution  is  heated,  it  deposits 
a  straw-yellow  ochry  precipitate,  which  contains,  according  to  Koene,  3Fe*0*.SO*.7H*0, 
and  suffers  no  alteration  on  exposure  to  the  air. 

Poiassio-ferric  Sulphites. — The  blood-red  solution  obtained  by  passing  sulphurous 
gas  through  water  iu  which  ferric  hydrate  is  suspended,  yields,  on  addition  of  caustic 

potash,  a  double  salt  containing  (Fe«0«.SO«).2(K20.S02).6H»0   =  J^JP,^^  [  0".5H«0 

(Muspratt).— Another  double  salt,  (Fe«0».S0«).K^0.2S0«,  is  formeid,  according  to 
Koene,  as  a  deep-yellow  precipitate  on  adding  dilute  potash-ley  to  the  alcoholic  fil- 
trate obtained  in  the  preparation  of  dibasic  ferric  sulphite. 

fi.  Ferrous  sulphite,  Fe"S0'.3H*0,  is  obtained,  together  with  an  equivalent 
quantity  of  the  hyposulphite,  by  dissolving  clean  iron-wire  m  aqueous  sulphurous  acid 
(Fordo s  and  G^l is).  On  leaving  this  solution  to  evaporate  in  a  vacuum,  the  sul- 
phite separates  out  first  in  pale-green  crystals;  or  it  may  be  precipitated  as  a  white 
powder  by  adding  alcohol  to  the  solution.  It  is  also  produced  by  dissolving  recently 
precipitated  ferrous  carbonate  in  sulphurous  acid.  The  nearly  colourless  crystals 
dissolve  sparingly  in  water,  but  abundantly  in  aqueous  sulphurous  acid,  and  are  con- 
verted slowly  in  dry,  quickly  in  moist  air,  into  sulphate.     (Muspratt.) 

Snlpblte  of  Xiead,  Pb''SO',  prepared  by  double  decomposition,  or  by  passing  sul- 
phurous oxide  into  a  solution  of  neutral  plumbic  acetate,  is  a  white,  insoluble,  anhy- 
drous powder,  which  when  heated  gives  oflT  sulphurous  oxide,  and  leaves  a  mixtnie  of 
sulphate  and  sulphide.     It  has  been  proposed  as  a  substitute  for  white  lead. 

Snlpbite  of  Xiithiam,  Li-S0*.6H*0,  separates  from  its  aqueous  solution  on 
boiling,  or  on  addition  of  alcohol,  in  white  feathery  crystals,  which  turn  light-yellow  od 
exposure  to  the  air.     (Dan son.) 

Solpbite  of  Magnealnm,  Mg"SO'.6H20,  forms  small  shining  crystals,  belooging 


548  SULPHUR :  OXIDES  AND  OXYGEN-ACIDS. 

suspended.  It  is  a  white,  very  easily  decomposible  salt,  being  quickly  oxidised  to 
sulphate,  with  separation  of  metallic  mercury.  When  heated  in  a  test-tube,  it  melts, 
gives  off  a  large  quantity  of  sulphurous  oxide,  and  yields  a  sublimate  of  mercarons 
sulphite  and  metallic  mercury.  It  is  also  quickly  decomposed  by  boiling  with  water, 
mercury  being  separated,  and  free  sulphuric  acid  remaining  in  solution.  Warm  nitric 
acid  dissolves  it  easily,  with  evolution  of  nitrous  acid.  Hydrochloric  acid  converts  it 
into  mercurous  chloride.  When  it  is  digested  with  caustic  potash,  the  filtrate  which 
runs  away  from  the  black  mercurous  oxide,  contains  but  little  sulphite  of  potassium. 
(Rammelsberg.) 

Snlplilte  of  Vickelf  Ni"S0*.6HK),  separates  by  spontaneous  evaporation  from  its 
aqueous  solution,  in  fine  tetrahedrons.  It  is  insoluble  in  pure  water,  soluble  in  water 
containing  sulphurous  acid,  and  becomes  opaque  when  heated  with  water,  probably  in 
consequence  of  conversion  into  the  anhydrous  salt,  or  of  another  hydrate  (Mnspr  att). 
— The  titrahj/drated  salt,  Ni"S0'.4H''0,  is  obtained,  according  to  Muspratt,  by  boiling 
the  solution  of  nickel-hydrate  in  sulphurous  acid ;  it  then  separates  in  small  green 
crystals,  nearly  involublo  in  water.  .Metallic  nickel  is  dissolved  by  aqueous  suli^Qrous 
acid,  with  formation  of  sulphite  and  hyposulphite  of  nickel ;  on  evaporating  the 
solution,  the  sulphite  crystallises  out  with  6  at.  water.    (Fordos  and  Gilis.) 

An  ammonvo-aulphite  ofnickelt  Ni^SO'.SNH'.SHK),  is  thrown  down  by  alcohol  from 
a  solution  of  nickel-sulphite  in  ammonia,  as  a  light-blue  crystalline  precipitate,  which 
dissolves  in  a  small  quantity  of  water  to  a  light- blue  liquid,  becoming  tnrbid  when 
mixed  with  more  water,  or  when  heated.     (Rammelsberg.) 

Sulphites  of  Osmlnin. — Osmiofis  Sulphite,  Os^SO',  is  formed  by  treating  aqueous 
osmio  acid  with  sulphurous  acid,  and  separates  on  mixing  the  solution  with  sulphate  or 
carbonate  of  sodium,  and  leaving  it  to  evaporate,  or  warming  it,  as  a  bine  jelly,  which, 
while  moist,  oxiilises  readily,  with  formation  of  sulphuric  acid,  but»  after  drying,  forms 
an  almost  unalterable  powder  of  a  dull  black-blue  colour.  It  is  insoluble  in  water,  but 
dissolvt^  easily  in  hydrochloric  acid,  forming  an  indigo-coloured  solution  without 
evolution  of  sulphurous  oxide.  It  is  decomposed  by  potash  at  the  boiling  heat,  and 
when  heatod  by  itself  is  resolved  into  sulphide  of  osmium,  osmic  tetroxide,  and  sul- 
phurous anhydride.   (Glaus,  J.  pr.  Chem.  xc.  65;  Jahresb.  1863,  p.  295.) 

The  salt,  Os0.2SO*.6KCl,  is  obtained  by  treating  the  following  compound  with 
hydrochloric  acid :  it  forms  a  brown -red  crystalline  salt,  having  a  sharp  taste,  and 
very  soluble  in  water.     (Clans,  Ann.  Ch.  Pharm.  Ixrii.  375.) 

Osmio-potassic  SuJphite,  Os;H«(SO»)«.3K«SO».4H*0,  or  Os'^«H«(SO^*.4H«0,  is 
formed  by  heating  osmio-potassic  chloride  with  a  solution  of  potassic  sulphite.  It  is 
a  light,  white,  or  faintly  rose-red  powder,  consisting  of  small,  soft,  crystalline  scales. 
It  is  very  slightly  soluble  in  water,  and  decomposes  at  180^.  (Clans,  Ann.  Ch. 
Pharm.  Ixiii.  355.) 

Snlpl&ltes  of  Plattnnm.— a.  Platinic  Sulphite,  Pt»'(SO«)',  obtained  by 
dissolving  platinic  oxide  in  sulphurous  acid,  and  gradual  evaporation,  is  a  white  gnmmy 
masM,  soluble  in  water  and  in  alcohol,  and  having  a  strong  acid  reaction.  When 
heated  it  is  resnlved  into  metallic  platinum  and  sulphuric  anhydride.  From  a  solution 
of  auric  chloride  it  throws  down  metallic  gold,  the  solution  then  containing  platinic 
chloride  and  sulphuric  acid.  It  is  not  decomposed  by  sulphuric  or  by  hycbochlorie 
acid.     It  fcrms  double  salts  with  sulphites  of  alkali-metal.     (Dobereiner.) 

3.  Pfativous  Sulphite,  Pt''SO',is  obtained  bypassing  sulphurous  oxide  through 
water  in  which  platinous  oxide  is  suspended.  On  leaving  the  liquid  to  itself  with  the 
vessel  closed  airtight,  the  oxide  gradually  dissolves,  forming  a  brown-green  solution. 
It  forms  colourless  double  salts  with  sulphites  of  alkali-metals. 

Ammonio-plaiinous  SM/;)Art<',(NH*)*R''(SO»)«.H*0, discovered  bvLiebig  and  analysed 
by  Bockmann,  is  prepared  by  reducing  a  solution  of  platinic  cnloride  to  platinous 
chloride  with  sulphurous  acid,  neutralising  with  ammonia,  precipitating  with  alcohol, 
and  crystallising  from  water.  Forms  long,  flat,  white  needles,  easily  soluble  in  water. 
-^Another  ammonio-platinnus  sulphite,  containing  (NH*)*Pt"(SO^)*,  is  formed,  as  a 
white,  bulky,  crj'stalline  precipitate,  on  mixing  a  moderately  concentrated  solution  of 
ammonio-platinous  chloride  with  neutral  sulphite  of  ammonium.  (J.  Lang,  J.  pr. 
Chem.  Ixxxiii.  415.) 

Pota&sio-plaiinous  Sulphite,  2K«Pt"(SO*)<.3H«0,  produced  by  heating  potassio- 
plntinous  chloride  with  acid  sulphite  of  potassium,  crystallises  in  microscopic  six-sided 
prisms,  ha\'ing  a  faint  straw-yellow  colour,  sparingly  soluble  in  cold,  easily  in  warm 
water.  Then^'utral  solution  is  decomposed  by  hydrochloric  acid,  only  when  heated; 
hydrate  and  carbonate  of  potassium  do  not  alter  it,  even  with  aid  of  neat ;  carbonate 
of  sodium  throws  down  a  white  precipitate  of  the  sodium  double  salt ;  carbonate  of 
ammonium  and  sulphydric  acid  do  not  act  upon  it  (Lang).    Claus,  by  decomposing 
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disappears  again  on  cooling.  It  dissolves  slight! j  in  aqueous  alcohol.  At  150^  it 
gives  off  the  whole  of  its  water,  becoming  white  and  enamel-like,  and  at  a  higher  tem- 
perature melts  to  a  yellowish  red  mass,  from  which  alcohol  extracts  sulphide  of  sodium, 
leaving  sulphate  (Ram m el sberg). — ^Another  hydrate,  containing  Na'SOMOHK),  is 
produced,  according  to  Muspratt^  by  saturating  a  solution  of  sodic  carbonate  with  sul- 
phurous acid  till  it  acquires  an  acid  reaction,  and  leaving  it  over  oil  of  vitriol.  It  then 
separates  m  large  oblique  prisms,  which,  on  exposure  to  the  air,  quickly  effloresce,  and 
are  gradually  converted  into  sulphate.  It  has  a  faint  alkaline  reaction  and  cooling 
sulphurous  taste  (Muspratt).  Specific  gravity  of  the  decahydrated  crystals  —  1-661 
(Buignet,  Jahresb.  1861,  p.  15). — ^Vauquelin  obtained  the  neutral  sulphite  with  8  at. 
wat«r. 

Acid  mlphitey  NaHSO*. — A  solution  of  sodic  carbonate,  supersaturated,  while  warm, 
with  sulphurous  acid,  deposits  this  salt  on  cooling  in  small  shining  prisms.  Alcohol 
precipitates  it  in  the  granular  form.  It  smells  of  sulphurous  acid,  has  an  acid  re- 
action, an  unpleasant  sulphurous  taste,  effloresces  very  easily  in  the  air,  and  is  finally 
converted  into  sulphate  (Muspratt).     Clark  obtained  an  acid  salt  with  9  at.  water. 

Sodio-ammonic  aulphiie^  Na'(NH*)H(S0*)*.8H'0,  crystallises,  according  to  Marignac, 
in  thin  monoclinic  tablets. 

Solplilte  of  Btrontlnint  Si^'SO*,  is  obtained  by  double  decomposition,  aa  a  white 
tasteless  powder,  and  in  crystalline  grains  by  dissolving  the  precipitate  in  aqueous 
sulphurous  acid,  or  by  passing  sulphurous  oxide  through  water  in  which  carbonate  of 
strontium  is  suspended  (Muspratt).  The  crystals  are  flat  rectangular  plates, 
acuminated  with  two  faces  (Kammelsberg).  The  salt  is  gradually  converted  into 
sulphate  by  exposure  to  the  air. 

Bulplilte  of  Tttanliun  is  precipitated,  according  to  Berthier,  on  boiling  a  solution 
of  titanic  hydrate  in  sulphurous  acid. 

Snlpbltes  of  UWinlmn.  Uranic  Sulphite^  or  Sulphite  of  Uranyl, 
Ur'0*.S0^3H«0  «  (UrK)«)''S0«.3H«0,  separates  as  a  flocculeat  precipitate,  of  a  fine 
light-yellow  colour,  on  mixing  the  nitrate  with  sulphite  of  ammonium,  or  on  pawing 
sulphurous  oxide  through  water  in  which  uranic  hydrate  is  suspended.  It  is  permanent 
in  the  air  at  ordinary  temperatures,  but  decomposes  when  heated,  giving  off  sulphurous 
oxide,  and  leaving  a  brown  residue,  probably  of  uranoso-uranic  oxide  (Muspratt). 
According  to  Reinele  (Fogg.  Ann.  cxxv.  238),  a  solution  of  uranic  nitrate  mixed  with 
sulphite  of  ammonium  yields  a  lemon-yellow  or  sulphur- yellow  precipitate,  consisting 
of  (U'0')''S0'.2H'0,  mixed  with  variable  quantities  of  uranate  of  ammonium ;  it  is 
soluble  in  excess  of  ammonium-sulphite,  and  somewhat  soluble  eyen  in  water.  Accord- 
ing to  Girard  (Compt.  rend,  xxxiv.  22;  Jahresb.  1852,  p.  376),  the  salt  obtained  by 
passing  sulphurous  oxide  through  water  in  which  uranic  oxide  is  suspended,  and 
leaving  the  solution  to  evaporate,  contains  (U*0*)"S0'.4H?0. 

Uranoua  Sulphite.— A  basic  salt,  Ur''S0MTr"H20«.H«0,  is  predpiUted,  with 
evolution  of  sulphurous  oxide,  on  mixing  a  solution  of  uranous  chloride  with  sulphite 
of  sodium.  It  has  a  grey-green  colour,  dissolves  easily  in  acids,  and,  when  heated, 
gives  off  sulphurous  oxide  and  leaves  uranoso-uranic  oxide. 

SnlpHlte  of  Tttrlamt  Y"SO',  is  a  white  powder,  insoluble  in  water,  slightly 
soluble  in  sulphurous  acid.  Its  solution,  when  evaporated,  3nelds  crystals  of  yttric  sul- 
phate.    (Berlin,  Fogg.  Ann.  xliii.  105.) 

Bulpbite  of  Zlno,  Zn'^0'.2H*0  (according  to  Fordos  and  G^lis),  or 
2Zn''SO'.5H*0  (according  to  Rammelsberg),  ciystalHses,  on  evaporating  a  solution  of 
zinc-carbonate  in  sulphurous  acid,  in  small  sparingly  soluble  prisms  having  an  un- 
pleasant astringent  taste.  It  is  precipitated  &om  the  aqueous  solution  by  alcohol  or 
ether  in  needle-shaped  aystals.  On  exposure  to  the  air,  it  is  quickly  conyerted  into 
sulphate,  and,  when  heated,  gives  off  water  and  sulphurous  oxide,  leaving  a  residue  of 
sulphate,  sulphide,  and  oxide  of  zinc 

An  acid  sulphite  of  zinc-ammonium,  j^  |  SO',  is  obtained  in  crysttlline  crusts 

by  dissolving  zinc-sulphite  in  warm  aqueous  ammonia,  and  evaporating  at  a  gentle 
heat.  It  smells  of  ammonia,  and  is  decomposed  by  water,  whi(m  dissolves  out  sul- 
phite of  ammonium.     (Kammelsberg.) 

Bulplilte  of  Zlroonlnm  is  a  white  powder,  insoluble  in  water,  somewhat  soluble 
in  sulphurous  acid,  and  precipitated  from  the  solution  by  boiling.    (Berthier.) 
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Alcoholic  Sulphites.    Sulphurous  Ethers, 

The  two  fttoms  of  hydrogen  in  the  molecule  of  Bulphurous  acid,  ^^J  1 0',  may   be 

partly  or  wholly  replaced  by  monatomic  alcohol-radicles,  giving  rise  to  acid  and  neutral 
sulphuzouB  ethers,  represented  by  the  general  formulse : 

Acid.  Neutral. 

The  acid  ethers  may  also  be  regarded  as  compounds  of  sulphuric  anhydride  with 
hydrocarbons  containing  even  numbers  of  hydrogen-atoms,  and  are  sometimes  designated 
OH  sulpho-acids,  e.ff, : 

Phenylsulphurous  add,  ^^»^g|o«     «     C«H«.SO«,    Sulphobenzolic  acid. 
No  neutral  sulphurous  ethers  are  at  present  known  of  the  form  ^-p^^  [0*,  but  there 

is  a  group  of  acid  ethers,  tr-ai  [  ^^  derived  from  a  double   molecule  of  sulphurous 

acid,  H^SH)*,  by  substitution  of  a  diatomic  alcohol-radicle  for  half  the  hydrogen. 
These  are  the  so-called  disulpho-acids,  which  may  also  be  formulated  as  compounds 
of  hydrocarbon  with  2  at.  SO*,  e.ff. : 

Phenylene-sulphurousacid,  (C«H*)">0«     =     C«H«.2S0«,    Disulphobenzolic  acid. 

H*     ) 

The  acid  sulphurous  ethers  of  the  monatomic  alcohol-radicles,  OH^'*'^  homo- 
logous with  ethyl,  are  produced  by  the  action  of  oxidising  agents,  especially  of  nitric 
acid,  on  the  sulphides,  sulphydrates,  and  sulphocyanates  of  the  corresponding  radicles; 
methylsulpharous  acid  also,  by  electrolytic  reduction  of  its  chlorinated  derivatiTes 
(p.  655) ;  these  ethers  do  not  appear  to  be  formed  by  the  action  of  sulphurous  acid 
on  the  corresponding  alcohols. 

The  acid  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &c.)  are  pro- 
duced by  the  action  of  strong  sulphuric  acid  on  the  corresponding  hydrocarbons  con- 
taining eyen  numbers  of  hydSrpgen-atoms,  e.g. : 

C«H«  +  H«SO*     -     HK)  +  (C«H»)HSO«. 

B«DseD«.  Poenjlsuljihurous 

All  these  ethers  are  monobasic  acids,  forming  well-defined  crystalline  salts.  The 
potassium-salts  of  phenylsulphurous  and  benzylsulphurous  acid  are  decomposed  by 
fusion  with  excess  of  potassio  hydrate^  yielding  sulphate  of  potassium  and  the  corre- 
sponding alcohols,  phenol  and  cresol,  e.g, : 

(CHOKSO*  +  KHO     =     K«SO»  +  (CrH')HO. 

BensyUulphite  CretoL 

of  poUMium. 

The  salts  of  all  the  acid  sulphurous  ethers  are  converted  by  pentachloride  of  phos- 
phorus into  chlorides  derived  from  the  acid  ethora  by  substitution  of  chlorine  for 
hydroxyl,  e.g. : 

Ethylsulphurous  acid SO.CTI*O.HO. 

Ethylsulphurous  chloride S0.C«H»0.C1. 

These  chlorine-compounds,  when  enclosed  in  sealed  tubes,  gradually  resolve  them- 
Belves  into  a  chloride  of  the  alcohol-radicle,  HCl,  and  sulphurous  oxide,  SO' ;  when 
heated  with  pentachloride  of  phosphorus,  they  are  decomposed  according  to  the  general 
equation : 

RC1S0«  +  PC1»     -     S0C1«  +  RCl  -H  P0C1». 

They  are  converted  by  caustic  potash  into  the  original  acid  ethers ;  by  ammonia 
ioto  amides ;  by  alcohols  into  the  corresponding  neutral  ethers,  e.g. : 

(?H»C1S0  +   (C«H»)HO     -     HCl  +   (C«H*)«SO«; 
EtbyUulphuroos  Ethjlicsul- 

chloride.  phite. 

and 

C^»C1S0»  +  (CH«)HO     -    HCl  +  (CH«)(C»H»)SO». 

Bthytoalphuroui  Methylethylic 

chloride.  lulphite. 
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The  neutral  sulphuronsethersofthealcohoI-mdiclesOH*"'*''  are alBO prodneed 
by  the  action  of  alconols  on  disulphide  of  chlorine  (see  page  536),  or  on  snlphiiroiis 
chloride  ;  in  the  latter  case,  according  to  the  general  equation : 

SOa«   +   2(OH«-+»)H0     -     2fla  +   (OH«-+>)«S0«. 
These  neutral  ethers  are  resolved  by  caustic  alkalis  into  the  corresponding  alcohols 
and  a  sulphite  of  alkali-metal,  e.g.  : 

(C«H»)'SO»  +   2KH0     «     2(C*H*)H0   ♦    K'SO*. 

But  the  neutral  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &c.) 
exhibit  a  different  reaction  with  alkalis ;  ethylic  naphthylsulphite  for  example,  when 
treated  with  potash,  yields,  not  sulphite,  but  naphthylsulphitA  of  potassium.  (Car i as, 
Ann.  Ch.  Pharm.  cxir.  140;  Jahresb.  1860,  p.  421.) 

The  acid  sulphurous  ethers  of  diatomic  alcohol-radicles — the  so- 
called  disulpho-acids,  are  obtained  in  some  cases  by  the  action  of  strong  sulphuric 
acid  upon  hydrocarbons:  thus,  naphthylene-sulphurous  or  disulphonaphthalic  add, 
C'lI^S^O*,  is  produced  in  small  quantity,  together  with  naphthylsulpharoua  acid,  by 
the  action  of  sulphuric  acid  on  naphthalene.  More  frequently,  however,  they  are  pro- 
duced by  the  action  of  fuming  sulphuric  acid  on  the  cyanides  of  the  idcohol-radicles 
(nitnles),  (or  on  the  corresponding  amides,  which  differ  therefrom  by  addition  of  1  at. 
H^O) :  thus  phenylic  cyanide  or  benzonitrile,  treated  with  fuming  sulphuric  acid,  yields 
phenylenesulphurous  or  disulphobenzolic  acid : 

C'H»N   +   3H'S0«     -     C^«S«0«  +   (Nn«)HSO«   +   C0«. 

The  formation  of  ethylene-sulphurous  acid,  and  its  homologues,  may  be  repr«c«ented 
by  the  general  equation : 

OH«-*'.CN   +   3H«S0«     -     (C»H'-)H«S«0«  +  (NH«)HSO«   +   CX>*. 

They  are  also  produced  by  the  oxidation  of  the  sulphocarbonates  of  diatomic  alcohol- 
radicles  ;  e.ff.,  ethylene-sulphurous  acid,  (CH*)H'S'0*,  by  the  action  of  nitric  add  on 
etliylenic  disulphocarbonate  or  trisulphocarbonate  (p.  602). 

These  ethers  are  dibasic  adds,  forming  add  and  neutral  salts. 

a.  Sulphurous  Ethers  containing  Monatomic  Alcohol-radicles, 

(SO)-, 
AmrUnlpbiuroiis  Aeld,    CH"SO'     -     (C>H>>)HSO'     -     C*H>>(.0'.    (Oe- 

H  f 

rathewohl,  J.  pr.  Chem.xxxiv.447. — O.Henry,  Jun.,  Ann. Ch. Phys.  [3],xxv.  246. — 
Med  lock,  Ann.  Ch.  Pharm.  Ixix.  226.) — This  acid  is  produced  by  the  action  of  nitric 
acid  on  the  sulphydrate,  disulphide,  and  sulphocyanate  of  amyL  When  amyl-mer- 
captan  is  added  by  small  portions  to  gently  heated  nitric  acid  of  specific  gravity  1*26, 
two  layers  of  liquid  are  obtained,  the  upper  of  which  is  oily,  and  of  variable  compo- 
sition— the  lower  watery,  and  consisting  of  amylsulphurous  add  mixed  with  nitrie  acid ; 
and  on  evaporating  the  latter  over  the  water-bath  till  the  odour  of  nitrous  acid  is  no 
longer  perceptible,  a  thick  colourless  syrup  is  left,  consisting  of  impure  amylsulphurous 
acid.  This  product  may  be  used  to  prepare  most  of  the  am  vlsulphites,  inasmuch  as  on 
treating  the  resulting  salts  with  boihn^  alcohol,  the  amylsulphite  dissolves,  while  the 
small  quantity  of  sidphate  with  which  it  is  mixed  remains  behind. 

The  pure  acid  is  obtained  by  decomposing  the  lead-salt  with  sulphuretted  hydrogen, 
and  evaporating  the  filtrate,  as  a  yery  add  syrup,  having  a  peculiar  odour.  According 
to  Gerathewohl,  it  does  not  crystallise  even  in  a  vacuum  over  oil  of  yitrioL  Medlock, 
howe'^er,  obtained  it  as  a  deliquescent  crystalline  mass. 

The  amylsulphites  of  amnumium,  potassium,  and  calcium,  crystallise  in  ooloarlefls 
laminae,  insoluble  in  water  and  in  alcohol.— The  barium*sait,  C**H"Ba''8'0',  farms 
transparent  unctuous  scailes,  which  gyrate  upon  water  like  amylsulj^ate  or  batyrate 
of  barium.  It  bums  in  rather  strong  heat  without  decomposing. — The  eopper-saU 
forms  bluish-green  tables ;  the  lead-salt,  C'*H''Pb''S'0*,  colourless  laminae  containing 
water  of  crystallisation,  which  they  give  off  at  120°. — The  sUver^salt,  C*H"AgSO',  crys- 
tallises from  a  moderately  concentrated  solution  in  very  fine  colourless  rhombic  plates. 

DiAXTLic  or  Neutral  Amtlic  Sulphitb,  (C*H")*SO*.  (Carina,  Ann. 
Ch.  Pharm.  cvi.  291 ;  cxi.  97  ;  Jahresb.  1868,  p.  26;  1869,  p.  88.)— Produced  by  the 
action  of  disulphide  of  chlorine  or  sulphurous  chloride,  (SOCl*),  on  amylic  alcohol,  the 
decomposition  in  both  cases  being  similar  to  that  which  takes  place  in  the  preparation 
of  ethylic  sulphite  (p.  564).  The  second  process  is  the  easier  of  the  two ;  1  at.  sul- 
phurous chloride  being  added  to  2  at.  amylic  alcohol,  and  the  resulting  liquid  freed 
from  hydrochloric  acid  by  passing  a  stream  of  carbonic  dioxide  through  it. 

Amylic  sulphite  thus  prepared  is  a  nearly  colourless  oily  liquid,  smelling  like  amylio 
alcohol  and  ethylic  sulphite,  giving  off  sulphurous  acid  on  exposure  to  moist  air,  and 
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C*H'NaSO'jrH*0,  fcrms  deliquescent  crystals,  exhibiting  siroilar  characters. — The 
barium-salt,  C*H''Ba'S-0*.H*0,  is  extremely  soluble,  but  may  be  obtained  in  fine 
rhombo'idal  prisms  by  slow  eraporation  of  a  very  concentrated  solution.  It  gives  ofiF 
its  water  at  100^,  dissolves  very  easily  in  hydrated  alcohol,  but  is  insoluble  in  absolute 
alcohol,  which  precipitates  it  from  a  strong  aqueous  solution  in  silky  needles. — The 
calcium-saltf  C*H'*Ca''S*0*  (at  100**),  forms  limpid  crystals  resembling  the  barium- 
salt,  very  soluble  in  water  and  in  alcohol. — ^The  maqnesium-aalt  ciystalbses  by  cooling 
in  hydrated  prisms.— The  cupric  salt,  C*H'«Cu''S«0r6H«0,  forms  light-blue  prisms, 
becoming  anhydrous  at  120^. — The  fgrroua  salt,  formed  by  dissolving  metallic  iron  in 
a  boiling  concentrated  solution  of  the  acid,  crystallises  on  cooling  in  colourless  prisms. 
— The  manganese-salt  forms  colourless  needles. — The  lead-salt,  C*H"Pb'*S*0*  (at 
100°),  crystallises  from  a  hot  concentrated  solution  in  fine  colourless  plates. — ^The 
silver-salt,  obtained  by  saturating  the  boiling  aqueous  acid  with  carbonate  of  silver, 
forms  colourless  laminae. — The  zinc-salt  forms  colourless  dendritic  crystals,  eflQoresdng 
in  dry  air,  but  absorbing  moisture  in  damp  air.  The  crystallised  salt  melts  when 
heated,  and  solidifies  in  a  crystalline  mass  on  cooling.  It  gives  off  8'72  per  cent.  (2 
at.)  water  at  120^,  and  22*96  per  cent.  (3  at)  more  at  180°. 

Ethtlbulphubous  Chloridb,  C*H*C1S0*.  (Gerhardtand Chancel, Gompt 
rend.  xxxv.  691.) — This  compound,  derived  from  ethylsulphurous  acid  by  substitution 
of  CI  for  HO,  is  easily  obtained  by  distilling  ethylsulphite  of  sodium  with  excess  of 
phosphoric  oxy chloride.  It  is  a  colourless,  slightly  fuming  liquid,  insoluble  in  water,  very 
soluble  in  alcohol,  having  a  specific  gravity  of  l'3d7  at  22*5^,  and  boiling  at  171°. 
Caustic  potash  converts  it  into  a  mixture  of  potassic  chloride  and  ethylsulphite  (Ger- 
hardt  and  Chancel). — When  kept  in  a  sealed  tube,  it  is  gradually  resolved  into 
ethylic  chloride  and  sulphurous  anhydride.  Heated  with  pentachloride  of  phosphorus 
to  120^  in  a  sealed  tube,  it  yields  sulphurous  chloride,  ethylic  chloride^  and  pho^khoric 
oxychloride : 

c«H»ciso«  +  PCI*  -  soa«  +  C»H»C1  +  POCl". 

Alcohol  converts  it  into  neutral  ethylic  sulphite.    (Carius.) 

DiETHTLic  SuLPHiTB,(C^»)'SO«.  NetUrol  Ethylic  SulphUe.  SulpkurouB Ether. 
(Ebelmen  and  Bouquet,  Ann.  Ch.  Phys.  [3],  xvii.  66. — Carius,  Ann.  Ch.  Pharm. 
cvi.  291;  cxi.  93;  Jahresb.  1858,  p.  94;  1869,  p.  87.) — ^This  ether  is  produced: — 
1 .  By  the  action  of  absolute  alcohol  on  disulphide  of  chlorine.  According  to  Carius, 
the  first  products  are  sulphurous  chloride  and  ethylic  sulphydrate: 

S«C1«  +  0«H«0     -     SOCl*  +   C«H«S; 

and  these,  by  their  mutual  action,  produce  ethylic  sulphite,  together  with  ethylic  chloride, 
hydrochloric  acid,  and  free  sulphur : 

3S0a«  +   4(C«H*)HS     -     (C*H*)«SO«  +   2CTE[»Cl  +  4HC1  +   S«. 

The  alcohol  is  to  be  added  in  excess  to  the  sulphide  of  chlorine  (Carius) ;  the  liquid 
filtered  ftx)m  the  precipitated  sulphur  is  distilled ;  and  the  portion  which  goes  over, 
between  150^  and  170°,  is  collected  apart.     (Ebelman  and  Bouquet.) 

2.  By  the  action  of  sulphurous  chloride  on  alcohol : 

SOCl»  +   2(C«H»)H0     «     2Ha  +  (C«H»)«SO». 

The  alcohol  must  be  perfectly  anhydrous,  and  added  by  drops  to  the  sulphurous 
chloride ;  but  the  result  is  not  affected  by  the  proportions  in  which  the  two  substances 
are  ultimately  mixed.     (Carius.) 

3.  By  the  action  of  absolute  alcohol  on  ethylsulphurous  chloride  (Carin  s) : 

CH^CISO*  +  (C«H»)HO     -     Ha  +  (C«H*)«SO«. 

Ethylic  sulphite  is  a  limpid  colourless  liquid,  having  an  odour  somewhat  like  that 
of  mint  Boiling-point  160°.  Specific  gravity  of  liquid  «  1*086  at  16°;  of  vi^ur 
»  4*78.  It  dissolves  in  all  proportions  in  alcohol  and  ether ;  w€Uer  precipitates  it 
from  the  solutions,  and  gradually  decomposes  it. — Chlorine  attacks  it  strongly,  and  in 
bright  sunshine  forms  crystals  of  trichloride  of  carbon,  CCl',  together  with  a  strongly 
fuming  liquid  containing  trichloracetic  chloride  and  chloride  of  sulphuryl  (Ebelmen 
and  Bouquet). — By  aqueous  alkalis  or  alkaline  carbonates,  it  is  quickly  decomposed 
into  alcohol  and  an  alkaline  sulphite.  On  adding  to  a  dilute  solution  of  the  ether  in 
anhydrous  alcohol,  a  quantity  of  a  solution  of  potassic  hydrate  in  absolute  alcohol,  not 
sufficient  to  decompose  it  completely,  a  precipitate  is  formed,  consisting  of  potassic 
ethylsulphite.  When  its  alcoholic  solution  is  saturated  with  dry  ammonia-gas,  and 
heated  to  120 — 140°  in  a  sealed  tube,  laminar  crystals  of  neutral  ammonium-sulphite 
separate  on  slow  cooling,  and  the  liquid  separated  therefrom  contains  ethylamine: 

(C*H»)«SO»   +   4NH«     -     (NH«)«SO«  +   2(C«H»)H«N. 
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The  ammoniumraalt  forms  long  deliqaescent  prisms. — Th^  potoMtmrnrsalt,  CH'KSO* 
(at  100°),  crystallises  from  solation  in  boiling  alcohol  of  90  per  cent.,  in  a  thick  pulp 
of  interlaced  needles.  It  becomes  moist  in  the  air,  but  aoes  not  deliquesce ;  its 
aqueous  solution  is  neutral  to  test-papers.— An  acid  salt,  CH*KS0*.CH*SO*  (at  lOa^), 
is  obtained  by  leaving  a  solution  of  the  neutral  salt  in  methylsulphnrous  acid  to 
evaporate  in  a  vacuum  over  oil  of  vitriol.  It  forms  deliquescent  quadrilateral  prisms, 
which  strongly  redden  litmus. 

The  barium-salt,  C-'H'Ba'S'O*  (at  100®),  forms  rhombic  transparent  tablets,  per- 
manent in  the  air ;  it  is  precipitated  from  its  aqueous  solution  by  alcohol  in  shining 
slender  needles. —  The  cupric  salt^  CH*Cu''S*0*.6H'0,  forms  beautiful  very  soluble 
crystals. — The  lead'Salt,  C'H*Pb"S*0*.H*0,  obtained  by  neutralising  methylsulphnrous 
acid  with  carbonate  of  lead,  crystallises  in  large  rhomboidal  prisms,  which  are  per- 
manent in  the  air,  and  give  off  their  water  of  crystallisation  at  100^. — A  basic  lead-sali, 
C*H•Pb^S20^2Pb''0  (at  lOO®),  is  obtained  by  boiling  the  neutral  salt  with  oxide  of 
lead,  and  evaporating  in  a  vacuum,  as  a  white  amorphous  mass,  the  solution  of  which 
is  precipitatea  by  carbonic  add. 

The  silversaltf  CH'AgSO',  crystallises  readily  in  thin  anhydrous  laminae,  having  an 
acid  reaction  and  sweetish  taste,  and  not  very  easily  altered  by  exposure  to  light ;  the 
solution  may  be  evaporated  by  heat  without  decomposition. 

Methtlsulfhubous  Chlobidb,  CK*C1S0^  (Carius,  Ann.  Ch.Pharm.cxiv. 
140;  Jahresb.  1860,  p.  422.) — Preyed  bv  heating  methylsulphnrous  acid  with  twice 
its  weight  of  phosphoric  pentachlonde,  adding  a  liule  more  of  the  latter,  and  isolating 
by  fractional  distillation  the  portion  of  the  proiduct  which  boils  between  150®  and  153°. 
Wlien  freishly  prepared  it  is  a  colourless  liquid,  having  an  odour  like  that  of  neutral 
ethylic  sulphite,  but  likewise  sharp,  and  exciting  sneezing.  It  fumes  slightly  in  the 
air,  sinks  in  water,  and  is  slowly  decomposed  thereby,  yielding  hydrochloric  and 
methylsulphnrous  acid. 

DisfETHTLic  or  Nbxttral  Methtlic  Sulphite, (CH*)*S0'.  (Cariui.  Ann. 
Ch.  Pharm.  ex.  209 ;  cxi.  93 ;  Jahresb.  1859,  p.  86.) — Producisd  by  the  action  of  methylic 
alcohol  on  disulphide  of  chlorine  or  on  sulphurous  chloride,  also  by  that  of  methylic 
alcohol  on  methylsulphnrous  chloride,  the  reactions  being  exactly  similar  to  those  by 
which  ethylic  sulphite  is  obtained  (p.  554). 

It  is  a  colourless  liquid,  boiling  at  121*5°,  under  a  barometric  pressure  of  765*4  mm. 
Specific  gravity  of  liquid  ■=  10456  at  16*2°  (compared  with  tnat  of  water  at  4°  as 
unity) :  of  vapour,  obs.  »  3*655  to  3*703  ;  calc.  «  3*796.  Whennot  deoompoeedby 
exposure  to  moist  air,  it  has  an  agreeable  odour  resembling  that  of  ethylic  sulphate. 

It  dissolves  in  all  proportions  m  alcohol  and  ether ;  slightly  in  water,  with  evolu- 
tion of  sulphurous  oxide  and  formation  of  methylic  alcohd ;  and  reacts  with  alkalis, 
ammonia,  and  pentachloride  of  phosphorus,  exactly  like  ethylic  sulphite. 

Mbthtlethtlic  Sulphite,  C«H»S0«  =  (CH«XC«H*)SO«.  (Carius,  Ann.  Ch. 
Pharm.  cxi.  93 ;  Jahresb.  1859,  p.  88.) — Produced  by  the  action  of  ethyls ulphurous 
chloride  on  methylate  of  sodium,  the  mode  of  preparation  being  similar  to  that  of 
ethylamylic  sulphite  (p.  554).  It  is  a  colourless  fragrant  liquid,  which,  on  exposure  to 
the  air,  takes  up  water  and  s^ves  off  sulphurous  acid.  Boiling-point  140^  to  141*5°. 
Specific  gravity  of  the  liquid  »  1*0675  at  18°  (water  at  4°  s  1);  of  the  vapour  -> 
4*3045.     Its  reactions  are  similar  to  those  of  ethylic  and  methylic  sulphite. 

Chlorinated  MethylatUphurous  Acids, 

Three  chlorinated  acids  are  known,  derived  from  methylsulphnrous  acid  by  the  sub- 
stitution of  one,  two,  and  three  atoms  of  chlorine  for  hydrogen. 

Chlobombthtlsulphubous  Acid,  CH"C1S0*  -  (CH*C1)HS0«.  Ckloro- 
metkyldithumic  Acid,  Chlordayl-hypasulphuric  Acid,  (Eolbe,  Ann.  Ch.  Pharm.  liv. 
174.) — Produced  bv  the  partial  deoilorination  of  dichloromethylsulphuroufl  add,  by 
means  of  the  electric  current.  To  prepare  it,  the  aqueous  solution  of  potassic  dichloro- 
methylsulphite,  CHKCISO*  (p.  557),  is  mixed  wiUi  sulphuric  add,  and  digested  with 
zinc  till  saturated  therewith.  The  solution  is  then  left  to  cool,  and  decanted  from  the 
ciystallised  zincate  of  potassium ;  the  rest  of  the  zinc  is  thrown  down  from  it  by  boiling 
with  carbonate  of  potassium ;  the  filtrate  is  evaporated ;  and  the  residue  pounded  and 
boiled  with  alcohol  of  80  p^r  cent.  On  evaporation,  chloromethylsulphiteof  potassium 
is  obtained,  mixed  however  with  a  considerable  quantity  of  unaltered  dichloromethyl- 
sulphite.  It  must  therefore  be  again  treated,  as  above,  with  sulphuric  acid  and  zinc ; 
and  on  subsequent  treatment  with  alcohol,  but  little  of  the  latter  salt  will  remain. 
To  convert  this  portion  likewise,  the  aqueous  solution  of  the  residue,  addulated  with 
a  small  quantity  of  sulphuric  acid,  is  exposed  to  the  action  of  two  elements  of  Bun- 
sen's  zinc-carbon  battery — the  current  being  conducted  into  the  solution   by  two 
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To  obtain  the  acid  from  the  potassium-salt,  the  alcoholic  solntioii  of  this  salt  is  mixed 
vith  sulphuric  acid;  and  the  liquid  filtered  from  the  sulphate  of  potassium  is  eTapo- 
rated  as  far  as  possible  without  decomposition,  and,  if  chloride  of  potassium  be  present, 
till  all  the  hydrodiloric  acid  is  driven  off.  The  sulphuric  acid  is  then  precipitated 
from  the  filtrate  by  baryta-water,  added  exactly  in  the  right  proportion ;  the  filtrate 
evapordtod  as  far  as  possible ;  and  the  residue  exhaueSbed  by  Ixnling  ether,  which 
leares  uudissolved  any  salt  tliat  may  still  be  present,  tindon  evaporation  leaves  the  acid 
in  the  form  of  a  coloured  liquid.  To  decolorise  this  acid,  oxide  of  lead  is  dissolyed  in 
it,  the  lead  precipitated  by  sulphuretted  hydrogen,  and  the  liquid  filt<>i«d.  The 
colourinu-malter  remains  with  the  sulphide  of  lead,  and  the  filtrate,  evaporated  in 
vacuo,  leaves  the  crystallised  acid. 

Dichloromethylsulphurous  acid  crystallises  by  evaporation  in  a  vacuum,  in  small, 
colourless,  deliquescent  prisms.  Its  properties  are  very  much  like  those  of  trichloro- 
methylsulphurous  acid.  It  decomposes  chlorides,  sustains  a  heat  of  140^  without 
alteration,  but  melt«  at  a  higher  temperature,  with  evolution  of  white  Tapours  and 
separation  of  carbon.  It  is  not  oxidised  by  nitric,  nitromuriatic,  or  chromic  acid.  It 
dissolves  zinc  with  evolution  of  hydrogen,  forming  dichloromethylsulphite,  and  like- 
wise monochloromethylsulphite  of  zinc  The  quantity  of  the  latter  salt  is  greater  as 
the  evolution  of  hydrogen  is  kept  up  for  a  longer  time  by  continual  addition  of  sul- 
phuric acid ;  its  formation  is  represented  by  the  equation  : 

2CH«CPS0«     +     Zn«     «     Zn'Cl*  +   C«H*Cl«Zn"SH)«. 

The  dichloromethylsulphites  are  soluble  in  water,  some  of  them  also  in 
alcohol.  They  are  distinguished  from  the  chloromethylsulphites  by  giving  ofiT  hydro- 
chluric  acid  by  dry  distillation,  together  with  sulphurous  and  carbonic  anhydrides ;  the 
residue  consists  of  metallic  chloride  slightly  coloured  by  charcoal : 

2CHa«KS0»     -     2KCI  +   C  +   2S0*  +  C0«   +   2HC1. 

Carbonic  oxide  is  also  found  amoug  the  gaseous  products,  being  probably  formed  by 
the  action  of  the  free  carbon  on  the  carbonic  anhydride. 

The  ammonium-salt  crystallises  by  spontaneous  evaporation  in  coloorless  prismis^ 
permanent  in  the  air,  and  often  an  inch  long. — The  potassium-saltf  CHCl'KSO*,  forms 
small  pearly  scales.  It  dissolves  in  water  and  in  boiling  alcohol,  but  not  in  oold 
absolute  alcohol.  It  is  permanent  in  the  air,  neutral  to  test-papers,  and  has  a  slightly 
saline  taste.  It  bears  a  heat  of  250°  without  decomposition,  but  at  higher  tempera- 
tures it  is  decomposed  in  the  manner  above  mentioned. — The  ailver'Salt,  CHCPAgSO*, 
obtained  by  neutralising  the  acid  with  carbonate  of  silver,  is  very  sensitive  to  light 
and  heat.  When  protected  therefrom,  it  may  bo  obtained  by  evaporation  in  a  vacuum, 
in  small  transparent  crystals,  which  may  be  heated  to  150^  without  decomposing. 

TniCHLOKOMETHTLSULPHunous  AciD,  (CC1*)HS0*.  TrichloromethifldUhumie 
or  Chlorocarbokyposulphuric  Acid,  (K olh  e^  loc.  cit.) — Obtained  as  a  potassium — or 
barium-salt,  by  gently  heating  trichloromethylsidphurous  chloride,  CC1*S0*  (p.  559), 
with  potash  or  baryta ;  and  isolated  by  decomposing  the  barium-salt  with  sulphuric 
acid,  removing  the  excess  of  sulphuric  acid  with  carbonate  of  lead,  and  the  excess  of 
lead  by  sulphydric  acid. 


begins  to  boil  at  160^  partly  volatilising;  while  another  part  is  completely  resolved 
into  hydrochloric  acid,  sidphurous  oxide,  and  chloride  of  carbonyl  (phosgene-gas)  : 

CHC1»S0«     «     HCl   +  S0«  +   C0C1«. 

It  easily  dissolves  zinc,  with  evolution  of  hydrogen,  yielding  dichloromethylsulphite  of 
zinc  It  is  not  attacked  by  boiling  with  fuming  nitric,  nitromuriatic,  or  chromic  acid. 
It  decomposes  all  salts  of  volatile  acids,  even  the  chlorides. 

The  aqueous  acid  is  converted,  by  a  small  quantity  of  potassium-amalfflim  (1  pU 
potassium  to  100  pts.  mercury),  into  dichloromethylsulphite  of  potassium ;  with  a  larger 
quantity  of  the  amalgam,  the  monochlorinated  salt  is  formed,  and  with  a  still  lai^er 
quantity,  the  methylsulphite. 

The  trichloromethylsulphitos  are  soluble  in  water  and  in  alcohol,  and  have 
an  astringent  metallic  taste.  When  calcined  they  decompose  like  the  acid,  giving  oflf 
sulphurous  oxide  and  phosgene,  and  leaving  a  residue  of  chloride.     The  evolution  of 

Shosgene   distinguishes  the  trichloromethylsulpbites  from  the  monochlorinated  and 
ichlorinatcd  salts. 

The  ammonium-salt  forms  large  regular  prisms,  permanent  in  the  air,  and  resolved 
by  heat  into  sal-ammoniac,  sulphurous  oxide,  and  phosgene. — The  potassium- salt, 
prepared  as  above,  and  purified  by  recrystallisation,  forms  thin  transparent  plates^ 
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six  litres,  a  quantity  of  manganic  peroxide  and  hydrochloric  acid  sufficient  to  fill  about 
half  of  it,  then  adding  about  50  grammes  of  carbonic  disulphide,  and  immediately 
closing  the  vessel.  The  mixture  is  left  for  several  days  in  a  cool  place ;  then,  aA«-r 
frequent  agitation,  exposed  to  a  temperature  of  about  30^  (most  conveniently  to  the 
rays  of  the  sun  in  summer),  till  the  greater  part  of  the  carbonic  disulphide  is  trans- 
formed. The  action  is  much  facilitated  by  adding  from  100  to  200  grros.  of  commer- 
cial nitric  acid.  All  danger  of  the  vessel  bursting  from  internal  pressure  may  be 
obviated  by  lifting  the  stopper  from  time  to  time.  The  mixture  is  then  transferred 
to  a  large  glass  flask,  and  distilled  in  an  oil-bath  into  a  cooled  receiver.  Undecom- 
posed  carbonic  disulphide  then  passes  over  first,  mixed  with  a  yellowish  fetid  liquid  ;  and 
afterwards  the  trichloromethylsulphurous  chloride,  which  attaches  itself  in  crystals  to 
the  sides  of  the  receiver,  but  is  easily  detached  by  slight  blows:  60  grms.  of  carbonic 
disulphide  yield  nearly  100  grms.  of  trichloromethylsulphurous  chlonde. 

This  chloride  is  a  white,  crystalline,  volatile  body,  insoluble  in  water  and  in  acids, 
soluble  in  alcohol,  ether,  and  carbonic  disulphide  ;  its  alcoholic  solution  is  precipitated 
by  water.  It  melts  at  135^,  and  boils  without  alteration  at  170*^;  distils  also  with 
vapour  of  water.  It  has  an  extremely  pungent  odour,  excites  tears,  and  p9x>duces  a 
disagreeable  roughness  in  the  throat,  its  alcoholic  solution,  when  recently  prepared, 
is  but  slightly  clouded  by  nitrate  of  silver,  precipitation  not  taking  place  till  the  liquid 
has  remained  for  some  time  in  contact  with  the  air. 

The  compound  sublimes  like  camphor,  in  small,  colourless,  transparent  plates,  having 
an  adamantine  lustre.  In  the  dry  state  it  does  not  alter  the  colour  of  litmus,  but 
reddens  it  when  moist,  in  consequence  of  decomposition.  The  moist  crystals  are  white, 
opaque,  and  form  vegetations  like  hoarfrost.  It  supports  a  moderately  high  tempera- 
ture without  decomposition  ;  but  when  passed  through  a  tube  heated  to  <£ill  redness, 
it  is  resolved  into  chlorine,  sulphurous  oxide,  and  perchlorethylene : 

2CC1*S0«     -     CH)1*  -h  2C1«   +   2S0«. 

When  distilled  with  a  large  excess  of  strong  sulphuric  acid,  it  is  resolved  into  sulf^in- 
rous  oxide,  hydrochloric  acid,  and  phosgene : 

CC1*S0«  +  H«0     «     S0«  +  2HC1  +   C0C1«. 

In  contact  with  air  and  water,  it  decomposes  in  a  similar  manner,  yielding  hydrochloric 
acid,  sulphurous  oxide,  sulphuric  acid,  and  carbonic  dioxide. 

It  dissolves  in  caustic  potash,  forming  trichloromethylsulphite  and  chloride  of 

potassium. 

VapHtHyUiilpliiiroiui  Aeid,  C'«H»SO'  =  (C"H')HSO«  «  C'»H?h1^*-     ^'" 

phonaphthaliCt  Hyposulphonaphthalic^  or  Naphtht/ldithianic  Acid,  (Faraday  [1827], 
Ann- Ch.  Phys.  [2],  xxxiv.  164.— Berzelius,  ibid,  Ixv.  290. — Wohler,  Ann.  Ch. 
Pharm.  xxxvii.  197. — Kegnault,  Ann.  Ch.  Phys.  [2],  Ixv.  87. — ^Laurent,  Rev. 
scient.  xiii.  687. — Kimberly,  Ann.  Ch.  Pharm.  cxiv.  129.) — ^This  acid  is  produced, 
together  with  naphthylene-sulphurous  (disulphonaphthalic)  acid,  by  melting  naphtha- 
lene with  strong  sulphuric  acid  or  sulphuric  anhydride. — When  naphthalene  is  dissolved 
to  siituration,  in  strong  sulphuric  acid  neated  to  90^,  and  the  solution  is  exposed  to  the  air, 
it  solidifies  completely  after  some  time ;  and  the  solidified  mass,  after  being  freed  from 
excess  of  acid  by  pressure  between  porous  tiles,  dissolves  completely  in  water,  pro- 
vided all  the  naphthalene  has  been  converted  into  acid  products.  To  separate  the  two 
acids,  the  aqueous  solution  is  neutralised  with  carbonate  of  barium,  concentrated,  and 
mixed  with  twice  its  volume  of  alcohol,  which  precipitates  naphthylene-sulphite  of 
barium,  while  the  naphthylsulphite  remains  in  solution,  and  may  be  crystallised  there- 
from.— To  obtain  the  free  acid,  the  solution  of  the  barium-salt  is  precipitated  by 
sulphuric  acid ;  the  excess  of  the  latter  removed  by  carbonate  of  lead  ;  the  resulting 
naphthylsulphite  of  lead  is  decomposed  by  sulphydric  acid  ^  and  the  filtrate  is  evapo- 
rated in  a  vacuum. 

Naphthylsulphurous  acid  may  be  obtained,  by  evaporation  of  its  aqueous  or  alcoholic 
solution,  as  an  irregularly  crystalline  deliquescent  mass,  containing  C'*H^O*.H'0.  It 
has  a  strongly  acid,  astringent,  metallic  taste ;  is  extremely  soluble  in  water,  oil  of 
turpentine,  fixed  oils,  and  alcohol,  but  very  slightly  soluble  in  ether.  It  melts 
between  86°  and  90°,  blackens  at  about  120°,  giving  off  an  odour  of  naphthalene,  and 
when  more  strongly  heated  swells  up  considerably,  leaving  a  very  bulky  cinder.  The 
aqueous  solution  turns  brown  on  boiling. 

Naphthylsulphite s. — The  acid  is  monobasic.  Its  salts  are  soluble  in  wafer, 
for  the  most  part  also  in  alcohol,  and  have  a  bitter,  almost  metallic  tast-e.  When 
heated,  they  give  off  a  considerable  quantity  of  naphthalene,  together  with  sulphurous 
oxide,  and  leave  a  residue  of  sulphate  and  sulphide. — The  potassium-salt  fused  with 
excess  of  potaf^sic  hydrate  is  decomposed,  with  evolution  of  salphurous  oxide,  and 
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seveml  days  (or,  if  it  has  been  heated  above  50°,  after  weeks  or  months),  it  solidifies  in 
nodules  compoeed  of  laminar  crystals.  It  is  insoluble  in  water,  but  mixes  in  all  pro- 
portions with  alcohol  and  ether.  It  is  decomposed  by  distillation,  giving  off  sulphurous 
oxide,  yielding  a  considerable  sublimate  of  naphthalene,  and  leaving  a  small  carbo- 
naceous residue. — By  aqneous  or  alcoholic  potash,  it  is  quickly  resolved  into  alcohol 
and  naphthylsulphite  of  potassiimi.  In  alcoholic  solution  it  is  decomposed  by  water 
in  the  same  manner  as  by  potash ;  and  when  heated  with  water  alone  in  a  sealed  tube 
to  about  150°,  it  is  resolved,  without  blackening  or  formation  of  secondary  products, 
into  alcohol,  napbtliAlene,  and  sulphuric  acid  (probably  first  into  alcohol  and  naphthyi- 
sulphuroufl  acid,  which  is  then  further  split  up  into  naphthalene  and  sulphuric  acid). 
— ^With  pentachloride  of  phogpkoms,  it  yields  cthylic  chloride,  naphtbylsulphurous 
chloride,  and  phosphoric  oxychloride : 

(C«H*)(C"»H')SO«  +  PC1»     -     C»H*a  +   C»«H'aSO«  +  POCl*. 


(sorj^. 


Naphthylthionamic  Acid,  C"H»N80»  «       (SO)''Vq.      Kaphtkylthionamide. 

(Kimberly, /ot?.  ciV.)— Produced,  by  triturating  naphtbylsulphurous  chloride  with 
ammonia,  as  a  yellow  oil,  which  solidifies  to  an  amorphous  mass.  It  dissolves  easily 
in  ether  and  in  alcohol,  and  separates  from  either  solution  in  microscopic  crystals, 
apparently  quadratic  combinations,  P  .  oP  .  Poo ,  with  the  angle  P  :  P  on  the  lateral 
edges  »  1 10^.  It  dissolves  also  in  aqueous  ammonia,  in  strong  hydrochloric  acid,  and 
in  glacial  acetic  acid,  and  crystallises  from  the  two  latter  solutions  unaltered.  It  is 
inodorous,  has  a  greyish-vellow  colour  when  dry,  light-ycUow  when  moistened  with 
aqueous  ammonia,  gradually  turning  red  on  exposure  to  the  air.  It  melts  without 
decomposition,  in  boiling  water,  to  a  viscid  liquid,  which  solidifies  to  an  amorphous 
mass  ;  at  a  higher  temperature,  it  chars  and  gives  off  pungent  vapours. 

It  is  quickly  decomposed  by  aqueous  potash^  yielding  ammonia  and  nu>hthyl- 
sulphite  of  potassium.  Heated  with  aqueous  nitrite  of  potassium,  it  gives  off  nitrogen, 
and  is  converted  into  naphthylsulphite  of  potassium  ;  part  of  it  is,  however,  transformed 
at  the  same  time  into  a  resinous  substance,  insoluble  in  water,  and  detonating  slightly 
when  heated. 

When  the  alcoholic  solution  of  the  acid,  containing  a  little  free  ammonia,  is  mixed 
with  excess  of  argentic  nitratty  and  the  ammonia  is  allowed  to  evaporate  gradually  at 
ordinary  temperatures,  argentic  naphthylthionamate,  C'^II'AgNSO',  is  de- 
posited as  a  white  crystalline  substance,  easily  soluble  in  alcohol,  ether,  and  ammonia, 
and  quickly  blackening  when  exposed  to  light. 

Bensonaphtht/Uhhonamic  acid,  C'»H''(C'H*0)NSO*,  is  produced  by  fusing  naphthyl- 
thionamic acid  with  an  eoui valient  quantity  of  benzoic  chloride,  till  hydrochloric  acid 
is  no  longer  evolved ;  and  on  washing  the  product  with  lukewarm  water,  drying  it, 
and  recrvstallising  from  alcohol,  it  separates  in  microscopic  prismatic  crystals,  easily 
soluble  in  alcohol,  ether,  aqueous  ammonia,  and  glacial  acetic  acid.  It  melts  without 
decomposition  at  100°,  but  decomposes  at  a  higher  temperature,  and  when  boiled  with 
aqueous  potash,  gives  off  ammonia,  and  yields  benzoate  and  naphthylsulphite  of 
potassium.  When  its  solution  in  absolute  alcohol  is  mixed  with  ammonia  and  aigentic 
nitrate,  and  left,  to  evaporate,  it  deposits  argentic  benzonaphthylthionamate, 
C'*H'Ag(C'H*0)NSO*,  as  an  amorphous  flocculent  precipitate,  which  dissolves  some- 
what slowly  in  alcohol,  and  may  be  crystallised  in  microscopic  needles  by  mixing  its 
ammoniacal  alcoholic  solution  with  a  slight  excess  of  acetic  acid,  and  gently  warming 
the  liquid.     (K  i  m  b  e  r  1  y .) 

Bromo-,  Ckioro-,  and  NUro-naphihylsulphurous  Acids, 

These  acids  are  formed  by  heating  the  bromo-,  chloro-,  and  nitro-naphthalenes  with 
fuming  sulphuric  acid,  or  (in  the  case  of  the  monochlorinated  compouna)  with  ordinary 
concentrated  sulphuric  acid. 

Bromonaphthylsulphurous  Acid,  C'*H'BrSO»  ==  (C»«H«Br)HSO».  (Lau- 
rent, Compt  chim.  1849,  p.  392.) — When  the  solution  obtained  by  heating  bromo- 
naphthalene  with  fuming  sulphuric  acid  is  neutralised  with  potash,  diluted,  and  boiled, 
the  filtered  liquid  deposits,  on  cooling,  a  crystalline  pulp  oipotassic  bromonaphtkyUui- 
phite,  C'^H'BrKSO*,  which  is  colourless,  sb'ghtly  soluble  in  cold  water,  moderately 
soluble  in  boiling  water  and  alcohol,  whence  it  crystallises  in  tubercles.  Boiling  nitric 
acid  converts  it  into  a  yellow  salt,  which  takes  fire  when  heated  in  a  dose  yessel«  and 
probably  consists  of  C'«H»(NO«)BrKSO». 

A  solution  of  potiisisic  bromonaphthylsulphite  poured  into  a  warm  moderately  conoen- 
trnted  solution  of  barium-chloride,  precipitates  the  bromonaphthylsulphite  of  barium, 
C=«H"Br2Bji"S»0«,  as  a  cr>'stnlline  salt  soluble  in  cold  water.     The  solution  of  thd 
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crystals.— The  calcium-salt,  C»H"Ca'\NO»)*S«0*,  is  moderately  soluble  in  water  and 
iu  alcohol. 

Dinitronaphthylsulphurous  Acid,  C'«H«(NO-)~SO»,  is  formed  by  the  pro- 
longed action  of  nitric  acid  on  naphlhylsnlphurouH  acid. — Its  ammonium-salt, 
C'"H*(NH*)(NO')'SO*,  crystallises  in  yellow  needles ;  it  is  decr'mposedby  Bulphydrate 
of  ammuuium,  yielding  a  deposit  of  sulphur,  and  a  peculiar  acid,  perhaps  nitronaph- 
thionic  acid.    (Laurent,  Compt.  rend.  xxxi.  537.) 

PlienyLiQlpliaroas  Add,  C«H"SO*  »  (C<'H*)HSO'.  Sulphobemolic,  Sulpha- 
hmzcnic,  or  Sul]>fioUii^idic  Acid.  (Mitscherlich  [1834],  Pogg.  Ann.  zzxi.  283,  634. 
— StenhouKe,  Pru<\  Koy.  Soc.  xiv.  351. — Wurtz,  Compt.  rend.  Ixiv.  749. — KekuU, 
ihid.  p.  752.) — Tliis  a<*id  is  produced  by  dissolving  benzene  in  fuming  sulphuric  arid, 
diluting  with  water,  filtering  to  separate  any  sulphobenzide  (p.  486)  that  may  have  been 
formed  at  tlie  same  time,  saturating  with  curlouate  of  barium,  converting  the  resulting 
barium-salt  into  a  cupric  salt  by  precipitation  with  cupric  sulphite,  purifying  the 
cupric  salt  by  crystillisation,  and  decomposing  it  with  sulphuretted  hydrogen.  The 
acid  may  also  bo  prepared  by  gently  htating  benzene  with  about  an  equal  volume  of 
ordinary  concentrated  sulphuric  acil;  and  (according  to  Stenhouse)  this  is  the  best 
method  of  obtaining  it  iu  lai-go  quantities,  using  4  vols,  sulphuric  acid  to  6  vols,  benzene. 
Phenylsulphurous  acid  evaporated  to  a  syrupy  consistence,  yields  a  crystalline  resitlue, 
which  decomposes  at  a  higher  temperature. 

The  pheny  Isulphites  or  sulphobenzolates,  C'IPMSO*,  are  very  stable sa]t«, 
some  of  them  bearing  a  very  high  temperature  without  decomposing.  The  ammonium- 
salt,  however,  decomposes  easilv  at  200^,  yielding  sulphophenylamide  (p.  523),  t(^ther 
with  sulphurous  oxide,  ammonia,  benzene,  and  a  small  quantity  of  phenylic  sidphide; 
and  the  sodium-  and  calcium-salts  yield,  by  dry  distillation,  phenylic  sulphide, 
(OH*)*S,  together  with  carbonic  dioxide  and  sulphurous  oxide.    (Stenhouse,  iv. 

417.) 

The  phenyl  sulphites  distilled  with  oxychloride  of  phosphorus,  yield  phenylsulphu- 
rous  or  sulphophenylic  chloride,  C*H*C1S0'  (Gerhardt  and  Chancel).  They 
may  bo  boiled  for  a  long  time  with  excess  of  aqueous  potash  witl^out  decompoctition, 
but  by  fusion  with  potassic  hydrate  they  are  resolved  into  sulphurous  acid  and  phenol 
(Wurtz,  KokuU): 

(C«IP)KSO»  +  KHO     «     K»SO«  +   (OH*)H0. 

Pota^tic  itlienyU  Phenol, 

sulphite. 

The  phenylsulphiles  of  ammonium,  potassium,  8odium,tiud  calcium  crystallise  e>asily ; 
the  barium-salt  is  obtained  only  in  cryst^diine  crusts;  the J^inc- s,nd silver-salts  are  also 
crystallisable. — The  ciipric  salt,  C"H'*Cu"S-0*,  forms  fine,  bulky,  hydrated  crystals, 
which  give  off  all  their  water  at  170".     (Mitscherlich.) 

Nitrophenylsulphurous  acid,  C*H*(NO)'SO*,  is  produced  by  boiling  phenylsulphurous 
acid  with  nitric  acid. — Its  ammonium-salt,  CJ*H\NH*)(NC)SO*,  is  converted  by  sul- 
phydric  acid  into  phenylsulphamate  of  ammonium.  (Laurent^  Compt.  rend.  xxxi. 
538.) 

Phenylsulphurous  Chloriie,  C«H»C1S0«    «    (f-n*!©-      Sulphophenylic  or 

Sulphobemolic  Chloride.  (Gerhardt  and  Chancel,  Compt.  rend.  xxxt.  690. ) — Pro- 
duced by  the  action  of  phosphoric  oxvchloride  on  a  phenylsulphite.  To  prepare  it, 
benzene  is  gently  heatca  with  an  equal  volume  of  strong  sulphuric  acid,  till  it  is  com- 
pletely dissolved ;  the  liquid,  after  dilution,  is  saturated  with  chalk ;  the  filtered  solu- 
tion of  calcic  phenylsulphite  is  exactly  decomposed  by  carbonate  of  sodium,  and  the 
solution  of  sodie  phenylsulphite  is  filtered  and  evaporated.  This  salt  having  been 
dried  at  150^,  is  then  mixed  in  a  retort  by  small  portions  with  oxychloride  of  phospho- 
rus, so  as  to  form  a  thick  pulp.  The  reaction  begins  in  the  cold,  and  as  soon  as  it 
ceases,  the  product  is  to  be  distilled  as  long  as  any  oily  matter  passes  over,  and  the 
distillate  rectified,  collecting  apart  the  latter  portions,  which  distil  at  264<>.  The  lower 
portions  contain  also  a  considerable  quanti^  of  phenylsulphurous  chloride,  and  may  be 
utilised  for  the  preparation  of  sulphophenylamide  (p.  523). 

«  Phenylsulphurous  chloride  is  a  colourless,  strongly  refracting  oil,  of  specific  gravity 
1*378  at  23°.  It  boils  at  254^,  has  a  strong  odour  like  that  of  bitter-almond  oil,  and 
fumes  slightly  in  the  air.  It  is  scarcely  attacked  by  water,  but  alkalis  instantly 
convert  it  into  phenylsulphite  and  chloride  of  alkali-metaL  With  aqueous  ammonia 
it  yields  sal-ammoniac  and  sulphophenylamide  (phenylthionamide). 

Phenylsulphurous  Hydride,  C'fl'SO*.  Benj::ylsulphurous  Acid.  (Kulbe, 
Ann.  Ch.  Pharm.  cxix.  153  ;  Jahresb.  1861,  p.  627.) — Produced,  as  a  zinc-salt,  by  the 
action  of  zinc-ethyl  on  phenylsulphurous  chloride  : 

2C«1PC1S02   +   Zn"(C'H»)«    =     2CJ«H*C1   +   C'nP«Zu'*S'0«. 
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/3.  Sulphurous  Ethers  containing  Diatomic  Alcohol-radidea. 

(sb)«) 

BthyleBeHralpbaroas  JLold,  C>H*S*0«    »    (C«H«)H\SO')*    -    (C<H<rVO«. 

H«   3 

Disvlphetholic  Acid.  (Buckton  and  Hofmann  [1866],  Ghem.  Soc.  Qn.  J.  ix. 
250  ;  Ann.  Ch.  Pharra.  c.  129. — HuBemann,  Ann.  Ch.  Phann.  cxxvi.  269  ;  Jfthresb. 
1862,  p.  428.) — This  acid  is  produced : — 1.  By  heating  ethylenic  di-  or  tri-sulpho- 
carbonate  (p.  602)  with  fuming  nitric  acid : 

(CTl<)COS«   +   4N0»H     =     (C2H*)H«S*0«   +   4N0   +   C0«   +   H«0. 
(C-'H*)CS'   +    6N0'H     -     (C^H*)H'S20«   +   6N0   +   CO*   +   80*   +   2H*0. 

The  liquid  is  heated  as  long  as  nitrous  fumes  are  evolved,  then  eTaporated  with 
repeated  addition  of  water,  and  neutralised  with  carbonate  of  lead ;  the  lead-salt^ 
which  crystallises  out,  is  decomposed  by  sulphuretted  hydrogen;  and  the  filtered 
solution  of  ethylenc-sulphurous  acid  is  evaporated  to  a  syrup.     (Husemann.) 

2.  Together  with  sulphopropionic  acid,  by  the  action  of  fuming  sulphuric  acid  on 
propionitrile  (cyanide  of  ethyl)  or  propionamide : 

CTI*N   +   3n*S0*     -     C2H«S*0«  +   (NH«)IISO«   +   CO*. 

rroplonitrile.  Ethylene-  Acid  smphata 

•ul)>huroui  of  aininouium, 

acid. 

C«H*N    +    H'O   +   2H2S0'     -     C»H«S0»    +   (NH<)HS0«. 

Propionitrile.  Sulphopro.  Acid  sulphate 

pionic  acid.  of  ammonium. 

Propionamide,  (C*II'NO),  which  differs  from  propionitrile  only  by  H'O,  is  acted  upon 
by  sulphuric  acid  in  exactly  the  same  manner ;  and  being  easier  to  prepare  than  pro- 
pionitrile, is  used  in  preference  for  the  preparation  of  ethylene-sulphurous  acid.  For 
this  purpose,  a  mixture  of  propionamide  with  an  equal  volume  of  Nordhausen  sulphuric 
acid,  is  heated  as  long  as  carbonic  dioxide  is  evolved  and  propionic  acid  distils  over. 
The  solid  residue  is  then  dissolved  in  water;  the  free  sulphurie  acid  is  neutralised 
with  finely -pounded  marble  ;  the  sulphate  of  ammonium  is  decomposed  by  boiling  the 
liquid  with  carbonate  of  barium  till  it  no  longer  gives  a  permanent  precipitate  with 
chloride  of  barium ;  and  the  filtered  solution  of  cthylene-sulphite  of  ammonium  is 
concentrated  to  the  crystallising-point.  To  obtain  the  free  acid,  this  salt  is  conv«»rted 
into  a  barium-salt  by  boiling  with  baryta-water ;  the  barium-salt  is  decomposeil  by 
sulphuric  acid  ;  the  acid  filtrate  is  1x)iled  with  carbonate  of  lead  ;  and  the  residtiog 
lead-salt,  after  crystallisation,  is  decomposed  by  sulphuretted  hydrogen.  (Buckton 
and  Hofmann.) 

The  syrupy  acid,  obtained  by  carefully  evaporating  the  aqueous  solution,  solidifies, 
when  left  over  oil  of  vitriol,  to  a  radio-crystalline,  very  deliquescent  mass,  consisting 
(according  to  Husemann)  of  C*H«S'0«.H*0.  It  gives  off  its  1  at  water  at  100°;  and 
the  anhydrous  acid  melts  at  94°,  and  solidifies  again  at  60**  (Husemann);  at  higher 
temperatures  it  chars,  and  gives  off  white  vapours.    (Buckton  and  Hofmann.) 

Ethylene-sulphurous  acid  is  dibasic,  forming  neutral  and  add  salts. — Hie  ethy- 
lene-sulphites  are  all  soluble  and  crystallisable. 

The  neutral  ammonium-salt,  C*H*(NH*)*S*0*,  crystaUises  in  long  monoclinie 
prisms,  often  exhibiting  the  simple  combination  ooP  .  Poo  (Husemann). — The  fwu- 
tral  potassium-salt,  C'H^K'S^O*,  forms  thick,  four-sided,  monoclinie  prisms ;  the  aeid 
potassium-salt,  2(C*H*)HKS*0«.3H20,  hard,  white,  crystalline  crust*. — The  neutral 
sodium-salt,  C*H*Na*S*0*,  crystallises  in  well-defined  crystals,  belonging  to  the  trimetric 
system,  and  exhibiting  the  combination  ooP .  I*  oo. — The  neutral  silver-salt,  CH*Ag*S*0*, 
forms  tJiin  monoclinie  tables ;  there  is  also  an  acid  silver-salt,  C*H*AgS*0*.C'H*Ag*S*0*, 
forming  milk-white  spherical  groups  of  crystals.     (Husemann.) 

The  barium-salt,  obtained  by  boiling  the  solution  of  the  ammonium-salt  with  baryta, 
and  precipitating  the  excess  of  the  latter  with  carbonic  acid,  crystallises  in  stellate 
groups  of  six-sided  tablets,  which  contain  C*H*Ba"SK)*.H*0,  and  become  anhydrous 
at  170°  (Buckton  and  Hofmann). — According  to  Husemann,  a  hydrated  salt 
containing  C^H*Ba''S*0*.2IP0,  is  obtained  in  small  rhombic  octahedrons,  by  saturating 
the  still  yellow  solution  of  ethylene-sulphocarbonate  in  fiuning  nitric  acid  with  carbo- 
nate of  barium  ;  whereas  the  pure  acid,  saturated  in  like  manner,  yields  the  anhydrous 
salt,  C*H*Ba"S'0*,  which  is  more  soluble,  and  ci^-stallises  in  slender  monoclinie 
prisms. 

The  cupric  salt,  C2H<Cu"S-0«.4H-0,  forms  light-blue  monoclinie  prisms,  which 
give  off  I  of  their  water  at  100°,  and  the  rest  at  170°  (Husemann). — ^The  lead-saU 
forms  easily  soluble  crystalline  crusts,  containing 2C-H*Pb''S-0«.3H*0  (Husemann); 


568        SULPHUR:    OXIDES   AND   OXYGEN-ACIDS. 

which  may  be  heated  to  160^  without  decomposition  (Back ton  and  Hof  mann),  but 
blacken  slightly  when  exposed  to  lieht  (Strecker).  Its  concentrated  eolation  is  in- 
stantly decomposed  by  ethylic  iodide,  yielding  argentic  iodide,  alcohol,  and  fine 
merhylene-solphurous  acid,  but  no  ethereal  compouno.    (Back ton  and  Hofmann.) 

The  £inc-saltf  which  is  produced  with  evolution  of  hydrogen,  by  disFoMng  zinc  in  the 
aqueous  acid,  is  difficult  to  crystallise,  and  is  not  precipitated  by  alcohoL  (Buck ton 
and  Hofmann.) 

WapHtliylene-siilpliiirons  Add,  C>«H*S'0*  -  (C>*H')'^^B>0«.  Duvlpko- 
naphtholicy  Thionaphtkic^  or  Hypoftdphonaphtholic  Acid.  (Berzelius,  Ann.  Ch. 
Phys.  [2],  Ixv.  290. — Laurent,  Compt.  chim.  1849,  p.  390. — Dusart,  Compt.  rend 
Ixiv.  859.) — Berzelius  obtained  this  acid  in  small  quantity,  together  with  naphthylsul- 
phurous  acid  (p.  560),  by  the  action  of  sulphuric  acid  on  naphthalene;  and  separated 
the  two  by  the  different  solubilities  of  their  barium-salts,  the  naphthylene-sulphite 
being  the  more  soluble  of  the  two.  On  partially  saturating  the  diluted  solution  with 
carbonate  of  barium,  the  naphthylsulphite  separates  ont  first ;  and  on  completing  the 
saturation  of  the  remaining  liquid,  concentrating  it  over  the  water-bath,  and  mixing  it 
with  two  or  three  times  its  volume  of  alcohol,  the  naphthalene-sulphite  is  deposited  in 
granular  crystals  (Berzelius).  Dusart^  by  using  a  larger  proportion  of  sulphuric 
acid,  and  applying  a  stronger  heat,  has  succeeded  in  converting  the  whole  of  the 
naphthalene  into  naphthylene-sulphurous  acid.  For  this  purpose,  10  pts.  of  naphthalene 
are  strongly  heated  with  25  pts.  of  concentrated  sulphuric  acid,  till  a  sample  of  the 
liquid,  saturated  with  a  strong  solution  of  sodic  carbonate,  remains  clear,  and  no  longer 
deposits  a  crystalline  precipitate  of  sodic  naphthylsulphite.  The  solution  is  then 
diluted  with  water,  and  saturated  with  alkaline  carbonate ;  the  greater  part  of  the  sul- 
phate removed  by  crystallisation,  and  the  remainder  from  the  mother-liquor  by  addi- 
tion of  alcohol.  The  evaporated  solution  yields  crystals  of  naphthylene-solphite,  which 
may  be  purified  by  recrystallisation. 

Naphthylene-sulphurous  acid,  separated  from  its  barium-salt  by  sulphuric  acid,  dries 
up  in  a  vacuum  to  a  brown  lamellar  mass,  having  a  sour  and  bitter  taste,  and  soluble 
in  alcohol  (Berzelius).  The  acid  is  dibasic.  The  naphthylene-sulphites, 
C'H'M'S'O"  and  C'»H«M"SK)«,  resemble  the  naphthylsulphites ;  they  are  very  soluble  in 
water,  but  in  general  less  soluble  in  alcohol  than  the  naphthylsulphites.  They  have  an  acid 
slightly  metallic  taste,  bear  a  considerable  degree  of  heat  without  decomposition,  but 
at  Very  high  temperatures  give  off  vapours  of  naphthalene,  with  a  small  quantity  of 
sulphurous  oxide  (Berzelius).     They  are  decomposed  by  fusion  with  nydrate  of 

rotassium,  with  formation  of  metallic  sulphite  and  the  potassium-salt  of  naphthy- 
enic  alcohol,  C»»H«0«     «     (C"HyH«0« : 

C"H«K«S*0«  +  4KH0     «     2K2SO*  +   2H»0   +   C'»H«KK)« 

Potasiic  naphthjl-  PoUssic  napb- 

ene-fu]pbite.  thjleoate. 

The  naphthylenic  alcohol  precipitated  from  it«  potassium-salt  by  an  add,  and  puri- 
fied from  accompanving  tarry  matter,  by  solution  in  water  and  crystallisation,  forms 
small  rhombohedral  crystals,  soluble  in  water,  and  easily  soluble  in  potash.  The  latter 
solution  instantly  bums  black  in  contact  with  the  air,  and  if  afterwards  neutralised 
yields  a  black  precipitate  of  an  acid  body,  which  in  strong  solutions  solidifiei  to  a  jelly. 
(Dusart.) 

Naphthf/I^ne-sulphiie  of  ammonium  is  obtained,  by  spontaneous  eraporation,  as  a 
granular  mass  ;  its  solution  becomes  acid  when  evaporated  by  heat. — The  ootoMtMn- 
salt  is  granular,  and  slightly  soluble  in  alcohol. — The  harium-scUt,  C'H'BaoK)*,  is  bat 
slightly  soluble  in  water,  even  at  the  boiling  heat ;  very  slightly  soluble  in  alcohol ;  on 
evaporating  the  aqueous  solution,  it  remains  as  an  amorphous  mass  (Berzelius). — 
The  lead-salt,  C'«H«Pb"S-0«.2H'0,  is  very  much  like  the  barium-salt,  easily  soluble  m 
water,  but  nearly  insoluble  in  alcohoL  It  retains  its  2  at.  water  at  100^,  but  gives  it 
up  at  220®.    (Laurent). 

(S6)»    ^ 

Pbenjlene-siUpbiiroiui  Aoid,  C^H'S^O*  «     (C«H*)''lO«     «     C«H*(SO»H)«. 

H«  ( 
JHsvlphoheneolic  Acid.  (Buck ton  and  Hofmann,  Chem.  Soc.  Qu.  J.  ix.  255.) — 
Produced,  together  vritii  sulphobenzoic  acid  (p.  486),  by  heating  benzonitrile  (phenylic 
cyanide)  with  fuming  sulphuric  acid.  The  pruduct,  after  dilution,  is  treated  with 
carbonate  of  barium,  as  in  the  preparation  of  ethylene-sulphurous  acid;  and  the 
filtered  solution  of  the  barium-salts,  which  is  very  dark-coloured,  is  decomposed  by 
sulphuric  acid,  then  boiled  with  oxide  of  lead,  filtered,  and  treated  with  sulphydric 
acid.  The  acid  liquid  is  then  saturated  with  carbonate  of  barium,  and  the  resulting 
solution  treated  with  alcohol,  which  throws  down  first  sulphobonzoate,  and  afterwaida 
phenylene-sulphite  of  barium. 

The  acid  is,  however,  more  easily  obtained  by  heating  phenylsulphurous  (aiilphoben- 
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acid,  and  sidphurous  oxide  is  evolved  at  the  negative  pole.    (Gcuther,  Ann.  Ch. 
Pharm.  cix.  130.) 

5.  The  vapour  of  sulphuric  oxide  is  resolved,  at  a  strong  red  heat,  into  sulphnitnis 
oxide  and  oxygon,  2  vols.  SO*  yielding  2  vols.  SO*  and  1  vol.  oxygen. — 6.  Phagpkonu 
takes  fire  in  the  vapour  at  ordinary  temperatures,  and  precipitates  the  snlphnr  in  the 
form  of  a  tliick  crust  (Vogel). — 7.  When  phasphorettid  hydrcgen-gas  is  passed  over 
sulphuric  oxide  at  ordinary  temperatures,  sulphurous  oxide  is  ahundantly  evolved,  and 
the  silks  of  the  vessel  become  coated  with  red  oxide  of  phosphoms  [?  amorphous 
phosphorus]  [\\.  Rose). — 8.  Dry  stdphydric  acid  decomposes  sulphuric  oxide,  with 
formation  of  Kulphuric  acid,  and  separation  of  sulphur,  which  partly  dissolves,  with 
blue  colour,  in  the  sulphuric  acid  (Geuther) : 

4S0»   +   3H«S     -     3H«S0«   +   S*. 

9.  Metallic  mercury^  heated  with  sulphuric  oxide,  abstracts  part  of  the  oxygeo, 
forming  sulphurous  oxide  and  mercuric  oxide,  which  unites  with  undecomposed  sul- 
phuric oxide,  forming  mercuric  sulphate. — Ri!d-hot  iron  decomposes  the  vapour, 
forming  sulphide  of  iron  and  ferroso-ferric  oxide;  rt«o,  under  similar  circumstances, 
forms  sulphide  and  oxide  of  zinc.   (Albert  d'lleureuse,  Ann.  Ch.Phaiin.lxviii.  242.) 

10.  When  sulphuric  oxide  vapour  is  passed  over  anhydrous  baryta  or  lime  heated  to 
low  redness,  combination  takes  place,  attended  with  vivid  incandescence,  and  the  base 
is  convertod  into  sulphate. 

11.  When  dry  monosiiJphide  of  potassium  is  brought  in  contact  with  an  excess  of 
fused  sulphuric  oxide,  an  energetic  action  takes  place,  resulting  in  the  formation  of 
anhydrosulphate  of  potassium  and  sulphuric  oxide : 

6S0«  +   K«S     «     K-SO*.SO«  +   4S0«. 

Galnia  is  slowly  converted  by  the  liquid  oxide  into  sulphate  of  lead,  while  sulphurous 
oxide  and  sulphur  are  sot  free,  the  latter  dissolving  in  the  excess  of  sulphuric  oxide  and 
forming  a  blue  liquid  : 

2S0«   +  Pb^S     =     Pb"SO*   +  S0«  +  S. 

Native  sulphide  of  antimony  dissolves  more  quickly,  with  blue  coloration  and  forma- 
tion of  sulphurous  oxide  and  antimonious  sulphate,  which  separates  as  a  basic  salt  on 
dilution. — Ferrous  sulphide,  iron  pyrit<^s,  and  copper  pyrites  do  not  act  on  fused  sul- 
phuric oxide.     (Geuther,  Ann.  Ch.  Pharm.  cxi.  177.) 

12.  With  penfachloTnde  of  phosphorus^  sulphuric  oxide  yields  oxychloride  of  phos- 
phorus and  sulphuric  chloride  (Sen iff,  Ann.  Ch.  Pharm.  cii.  Ill) : 

so»  +  pci»   =   poa»  +  soHn«. 

13.  Sulphuric  oxide  dissolves  ^^Aur  in  various  proportions,  forming  a  brown,  a 
green,  and  a  blue  liquid,  the  first  of  which  contains  the  laigest  and  the  last  the 
smallest  quantity  of  sulphur.  These  solutions  are  formed  by  placing  flowers  of  sul- 
phur and  sulphuric  oxide  in  alternate  layers  in  a  glass  tube,  scaling  it,  and  heating  it 
to  16° — 19°.  They  are  decomposed  by  water,  yielding  sulphuric  and  sulphurous 
acids  and  free  sulphur.     (Wach,  Schw.  J.  1.  1.) 

14.  Sulphuric  oxide  unites  with  a  tenth  of  its  weight  of  iodine,  forming  a  compound 
of  a  fine  green  colour,  which  may  be  crystallised. 

15.  Vapour  of  nitric  peroxide  is  rapidly  absorbed  by  sulphuric  oxide;  and  if  the 
action  be  moderated  at  first,  by  passing  the  vapour  slowly  and  cooling  the  vessel,  and 
finally  assisted  by  gentle  heating  till  the  sulphuric  oxide  becomes  witurated,  a  white 
crystalline  mass  is  formed,  fusible  without  decomposition  at  a  gentle  heat,  and  agree- 
ing nearly  in  composition  with  the  formula  NO'.SO*.  When  strongly  heated,  it  de- 
composes, with  evolution  of  oxygen,  and  a  small  quantity  of  nitric  peroxide ;  and  if 
the  heating  be  discontinued  as  soon  as  the  evolution  of  oxygen  ceases,  there  remains  a 
hard  crystalline  compound,  similar  in  appearance  to  the  former,  but  consisting  of 
N»0».2S0»  =  2(N0«.S0»)  -  O  (Weber,  Pogg.  Ann.  cxxiii.  337;  Jahrcsb.  1864, 
p.  155). — This  latter  compound,  which  may  be  regarded  ;is  anhydrosulphate  of 
nitrosyl  or  azotyl,  (NO)-SO^SO^  is  likewise  obtaine<l,  according  to  De  la 
Provostaye  (^Vnn.  Ch.  Phys.  [2],  Ixxiii.  362),  by  passing  the  vapour  of  nitric  per- 
oxide into  liquid  sulphurous  oxide  : 

280^   +    4N0«     «     (NO)-SW   +   N=0>; 

and,  according  to  Br  lining  (Ann.  Ch.  Pharm.  xcviii.  377),  by  the  action  of  nitnc 
oxide  on  sulphuric  oxide : 

3S0»   +   2N0     =     (NO)«S«0»  +   SO* 

16.  A  compound  of  sulphuric  oxide  with  nitrous  chl(»ride,  N0C1.S0*,  is  obtained 
by  passing  the  vapours  evolved  from  nitromuriatic  acid,  and  dried  by  chloride  of 
calcium,   over  sulphuric  oxide  till  it  is  saturated.    This  compound  is  white  and 


572         SULPHUR:    OXIDES  AND  OXYGEN  ACIDS. 

ftnhydrosulphate  of  nitrosyl,  (NO)'SK)\  which,  together  with  certain  other  snlphaten 
of  nitrosyl,  formed  from  it  by  the  action  of  water  and  of  the  milphnric  acid  already 
produced,  is  deposited  as  a  white  crystalline  mass  on  the  sides  of  the  Tessel  or  cham- 
ber in  which  the  reaction  takes  place.  The  formation  of  these  erystulline  compounds 
in  not,  however,  a  necessary  stage  in  the  process,  and  in  fact,  when  steam  ia  largely 
introduced  into  the  chamber  (as  in  the  present  mode  of  making  the  acid),  it  does  not  take 
place  at  alL 

The  exact  changes  which  nitric  oxide,  sulphurous  oxide,  oxygen,  and  water  nndeigo^ 
in  presence  of  one  another,  have  been  minutely  studied  by  several  chemists,  particulany 
by  Provostaye  and  Desains,  but  without  any  very  definite  results.  The  descriptioa 
above  given  must  indeed  be  considered  rather  as  a  general  than  a  strictly  acconte 
account  of  the  reaction.  (See  GmelifC a  Handbook^  ii.  445—451 ;  also  Weber,  Jahresb. 
18G3,  p.  738;  1865,  p.  93 ;  BulL  Soc  Chim.  1867,  L  151.) 

In  the  manufacture  of  sulphuric  acid  on  the  large  scale,  sulphur  is  burnt  slowly  on 
an  iron  plate  forming  the  floor  of  a  sort  of  furnace,  the  amount  of  air  admitted  beii^ 
r<iriilated  by  means  of  a  smaller  iron  plate  forming  the  door  of  the  furnace,  so  that  the 
sulphur  wiien  once  ignited  may  go  on  burning  and  producing  sulphurous  oxide  with 
tolerable  uuifurmity.  Upon  the  iron  plate  on  which  the  sulphur  is  burnt  is  also 
placed  an  iron  pot  containing  a  mixture  of  nitrate  of  sodium  and  sulphuric  acid,  which 
continues  to  generate  nitric  acid  for  some  time.  The  sulphurous  oxide  and  nitric  acid 
vapour,  from  one  or  several  furnaces,  are  conveyed  by  means  of  flues  into  a  large 
leaden  chamber  having  a  capacity  of  from  50,000  to  100,000  cubic  feet  or  more. 
Within  this  chamber,  into  which  steam  is  admitted  continuously  by  several  jets.  th« 
reaction  chiefly  occurs.  The  nitric  acid  is  soon  reduced  to  nitric  oxide,  after  which 
the  succession  of  changes  already  pointed  out  takes  place ;  and  dilute  sulphuric  acid 
collects  on  the  floor  of  the  chamber,  whence  it  is  drawn  off  into  leaden  evaporating 
pans.  The  vapours  escaping  from  the  large  chamber  are  usually  passed  into  one  or 
two  smaller  subsidiary  chambers  also  supplied  with  steam.  In  these  a  further  con- 
densation occurs,  and  a  still  weaker  acid  is  produced,  which  is  run  back  into  the  largo 
chamber  to  become  more  concentratetl.  In  some  manufactories,  the  vapours  from  the 
subsidiary  chambers  are  then  passed  through  coke-scrubbers— that  is,  through  columns 
packed  with  coke,  over  which  water  is  constantly  pouring ;  and  here  a  furth^  condeu- 
Mition  occurs,  and  a  very  dilute  acid  is  produce<i,  which  is  pumped  up  into  the 
subsidiary  leaden  chambers.  In  a  few  factories,  Gay-Lussac's  scrubber  is  used  instead 
of  the  Wiiter-scrubber.  The  coke  in  this  case  is  kept  moistened  with  concentmtcd 
sulphuric  ucid,  which  completely  absorbs  the  nitric  oxide  gas.  The  acid  is  then  pumped 
into  a  second  similar  scrubber,  in  which  it  is  rubbed  of  its  nitric  oxide  by  means  of 
the  sulphurous  oxide  proceeding  from  the  burning  sulphur.  In  a  theoretically  perfect 
operation,  there  should  be  no  final  escape  into  the  atmosphere  of  any  other  gas  than 
the.  nitrogen  of  the  air  admitted  into  the  furnace,  and  thence  into  the  chamber ;  but  in 
pnictice  a  small  quantity  of  sulphurous  or  nitrous  gas,  or  both,  escapes  condensation, 
although  the  amount  of  sulphuric  acid  finally  produced  usually  approximates  veiy 
closely  to  the  theoretical  quantity. 

The  acid  withdrawn  from  the  leaden  chambers  has  generally  a  specific  gravity  of  about 
1  -55.  By  evaporation  in  a  series  of  shallow  leiulen  pans,  its  specific  gravity  is  raised 
to  above  17.  This  acid  is  usually  dark-coloured,  from  the  presence  of  organic  matter, 
and  is  technically  known  by  the  name  of  "  brown  acid."  The  further  concentTAtion 
has  to  be  effected  in  retorts  of  glass  or  platinum.  With  glass  retorts  the  operation  is 
intermittent.  A  number  of  large  glass  retorts  are  heated  on  a  sand-bath  until  the 
requisite  concentration  is  attained.  Throughout  the  process,  a  diluted  sulphuric  acid, 
contAining  sulphurous  acid  from  the  reaction  of  the  organic  matter  and  sulphuric  acid, 
distils  over.  This  is  returned  to  the  leaden  chamber,  and  the  concentratea  colourless 
acid  is  siphoned  off  from  the  retorts  into  carboys.  With  a  platinum  retort  the  prooesf  it 
continuous.  Brown  acid  is  constantly  admitted  at  the  top,  concentrated  acid  with- 
drawn from  the  bottom,  and  diluted  sulphuric  acid,  with  sulphurous  acid,  distilled  off 
into  receivers,  whence  it  is  pumped  back  into  the  chambers.  In  commerce,  the  con- 
centrated colourless  acid,  having  a  specific  gravity  reaching  to  1*842,  or  approximating 
very  closely  thereto,  is  alone  known  by  the  name  of  "  oil  of  vitriol." 

The  process  above  described  is  substantially  the  same  as  that  introduced  by  Dr. 
Roebuck  about  the  year  1720.  It  is  known  as  the  English  mode  of  manufacture,  and 
the  product  is  called  "  English  oil  of  vitriol."  This  oU  of  vitriol  always  contains  lead, 
and  not  unfrequently  other  impurities,  chiefly  arsenic  and  nitrous  or  nitric  acid.  By 
diluting  4t  with  wat^r,  the  lead  is  thrown  down  as  a  white  precipitate,  which  becomes 
black  by  the  action  of  sulphuretted  hydrogen.  The  arsenic  may  bo  recognised  by 
Reinsch's  or  Marsh's  tests,  or  by  noutnilising  the  diluted  acid  with  carbonate  of  potas- 
sium, filtering  from  t!io  resulting  sulphate  of  pot^issium,  and  treating  the  acidulated 
filtrate  with  sulphuretted  hydrogen,  when  a  yellow  precipitate  will  be  produced.  The 
nitrous  or  nitric  acid  can  be  detected  by  pouring  in  a  dilute  solution  of  sulphate  of 
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upon  alcohol,  phenol,  benzene,  and  naphthalene,  respectiTelj.    All  these  prodncCi  are 
neutral  in  their  properties. 

(2.)    H«SO«  +   A  -  H«0     -     Y. 

In  accorrhince  with  thiu  reaction,  sulphanilic  acid,  ethylsulphnric  acid,  phenjlsnl- 
phuric  acid,  pIienylKulphurous  acid,  and  naphthylaulphuroua  acid  are  formed  bj 
the  action  of  sulphuric  acid  upon  aniline,  alconol,  phenol,  benzene,  and  ni^hthalene, 
respectively.  All  these  products  have  the  properties  of  monobasic  acids.  Sulphuric 
acid  also  reacts,  in  accordance  with  the  above  equation,  upon  benzoic  and  other 
mouobasic  acids ;  but  then  the  products  of  its  action  (sulphobenzoic  acid,  for  instance) 
have  the  properties  of  dibasic  acids.  The  rule  which  applies  to  all  such  reactions  as 
those  now  under  consideration,  is  that  the  basicity  of  the  product  equals  the  sum  of 
the  basicities  of  the  reagents,  minus  as  many  units  of  basicity  as  there  are  atoms  of 
water  eliminated  (see  Acids,  i.  49). 

(3.)    2H«S0»  +   A  -  2HK)     «     Z. 

In  accordance  with  this  reaction,  methylene-sulphurous,  ethylene-sulphorous,  naph- 
thylcnc-sulphuroQs,  and  phenylene-sulphurous  acids  (p.  551),  also  disulphanilic  add 
(p.  479),  have  been  obtained.  Agreeably  to  the  above  rule,  all  theee  products  have 
the  properties  of  dibasic  acids.  In  the  actual  reactions,  Nordhausen  add,  or  eren 
sulphuric  anhydride,  is  frequently  employed. 

Hydrates  of  Sulphuric  Acid. — There  are  two,  if  not  more,  well-defined  hydrates  of 
sulphuric  acid— namely,  the  monohydrate,  H«SO*.H«0,  and  the  dihydrat^,  H»S0*.2HK). 
The  first  compound  has  a  specific  gravity  of  1*78,  and  solidifies  at  8^  or  9^,  forming 
a  mass  of  colourless  six-sided  prisms,  whence  it  is  called  glacial  sulphuric  acid. 
It  boils  at  '206° — 210*^,  giving  off  a  weak  acid  vapour.  It  mav  be  obtained  by  evapo- 
rating any  dilute  sulphuric  acid  at  a  temperature  of  205°,  until  it  ceases  to  lose  water. 
The  second  hydiute  results  from  the  mixture  of  1  at.  oil  of  Titriol  with  2  at.  water. 
This  proportion  corresponds  with  the  maximum  condensation  (nearly  8  per  cent.) 
which  results  from  the  union  of  the  acid  and  water.  Its  specific  gravity  is  1*62.  It 
boils  at  193*^,  giving  off  nothing  but  water  until  the  temperature  rises  to  205®.  It  may 
be  obtained  by  evaporating  any  more  dilute  acid  at  100°,  until  it  ceases  to  lose  water. 
Both  these  hydrates  dissolve  snow  with  production  of  intense  cold. 

Fuming  Sulphuric  Acid. — This  is  a  mixture  or  compound  of  sidpharic  acid  and 
sulphuric  anhydnde,  obtained  by  the  decomposition  by  heat  of  certain  sulphates.  The 
anbyilrosulphates  of  the  alkali-metals,  M'^SO^SO',  and  the  sulphates  of  tne  triatomic 
metals — iron  (ferricum),  bismuth,  antimony,  &c. — when  subjected  to  dry  distillation, 
give  off  sulphuric  oxide  or  anhydride  (p.  569),  and  if  moisture  is  present,  part  of  this 
comjx>und  is  converted  into  sulphuric  acid.  At  Nordhausen,  in  Saxony,  an  impure 
feme  sulphate,  obtiiined  by  exposing  ferrous  sulphate  (green  vitriol)  to  a  moderate 
heat  in  contact  with  the  air,  is  distilled  in  earthern  retorts  arranged  in  a  reverberat- 
ory  furnace ;  and  the  distillate,  consisting  chiefly*  of  sulphuric  anhydride,  is  received  in 
a  small  quantity  of  water  or,  more  frequently,  in  ordinary  oil  of  vitriol.  The  product 
thus  obtained  is  a  heavy  brown  oily  liquid,  known  as  Nordhausen,  or  Saxon,  or 
fumingoilofvitriol.  It  has  a  specific  gravity  of  1  '9,  a  composition  corresponding 
nearly  with  the  formula  H*S*0',  or  H*SO*.SO*,  and  is  probably  a  definite  compound 
analogous  to  the  metallic  anhydrosulphates  above  mentioned.  It  solidifies  at  0°, 
forming  colourless  transparent  crystals.  When  gently  heated,  it  breaks  up  into  sul- 
phuric oxide,  SO',  which  distils  over,  and  sulphuric  acid,  IPSO*,  which  remains. 

According  to  H.  M tiller  (Ann.  Ch.  Pharm.  cxxii.  1  ;  Jahresb.  1862,  p.  93),  a  crys- 
talline compound  of  this  acid  with  nitric  peroxide,  containing  H'S*0*.N*0*,  is  produced 
by  the  action  of  nitric  peroxide  in  excess  on  ordinary  concentrated  sulphiuic  acid : 
2H«S0«  +  2N0«  «  H«S-0'.N«0«  +  H«0.  It  dissolves  in  concentrated  more 
readily  than  in  dilute  sulphuric  acid,  and  separates  unaltered  on  diluting  the  former 
solution  with  water. 

Uses  of  Stdphuric  Acid. — Sulphuric  acid  is  the  starting-point  of  nearly  all  impor- 
tant chemical  manufactures.  It  is  largely  used  in  the  preparation  of  nitric  acid  nom 
the  nitrates  of  potassium  and  sodium,  of  hydrochloric  acid  and  chlorine  from  chloride 
of  sodium,  and  consequently  in  the  preparation  of  various  bleaching  compounds. 
Superphosphate  of  lime  and  artificial  manures  generally,  of  which  many  thousand  tons 
are  annually  consumed  in  this  country,  arc  mad<^  by  the  action  of  sulphuric  acid  on 
bones,  coprolites,  Sec  But  the  greatest  consumption  of  this  acid  is  in  the  manufacture 
of  sulphates,  especially  of  sulphate  of  sodium  from  the  chloride,  which  is  the  first 
step  in  the  manufacture  of  commercial  soda  or  carbonate  of  sodium.  It  is  also  largely 
userl  for  dissolving  silver-alloy.  The  fuming  acid  is  used  chiefly  for  dissolving 
indip;o,  the  solution  constituting  the  important  dyestuff  called  Soxony-blue  (iii.  258). 
(Odling's  Manual  of  Chemistry.) 


SULPHURIC  ACID. 


SDLPHrBicBBOdiDH,  f^  BroDiotulphuric  Acid. 

— PrtT«ptd  like  Ihf  correspon  „  while  (rj-rtsUine  \>oAj, 

which  volaliliMa  at  ordinurj-  in  »  am\tA  tube  with 

«(iBs  ot  Bilvcr-mlphato,  yieW  lidf,  SO'Er*  +   An'SO' 

-   aAgHr   +   SO*.    (Odlingnud  Abe],Chpm.9oc.Qu.  J.  vii.3.) 
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SulpkubicChlohhtdbatb,  HCISO*  «  (SO*)''!^^.     Cklorhi/dronilpkunnu 

Acid.  (A.  W.  Williamson,  Proc.  Roy.  Soc.  vii.  11.) — This  compound,  derived 
from  sulphuric  acid,  (S0*)".1I0.H0,  bv  the  substitution  of  1  at.  CI  for  1  at.  HO,  in 
the  first  product  of  the  action  of  phosphoric  pcntachloride  upon  strong  stdphuric  ai-id : 

(UO)«SO«  +  PC1»     =     C1(H0)S0*  +   HCl  +  POCP. 

It  is  also  produced  by  the  action  of  water  on  sulphuric  cliloridc  : 

C1-S0«   +   H«0     «     C1(H0)S0'   +   HCl; 

by  the  direct  combination  of  hydrochloric  acid  gas  and  pulphuric  oxide;  and  by  the 
action  of  platinum-black  on  an  imperfectly  dried  mixture  of  olilorinc  and  Bulphnroiis 
oxide.  It  appears  also  to  bo  identical  with  the  compound  wliich  II.  Rose  obtained  by 
distilling  disulphide  of  chlorine  with  fuming  sulphuric  acid  (p.  o85). 

Sulphuric  chlorhydrate  is  a  colourless  liquid,  which  boils  at  145°,  and  is  at  the  same 
time  partially  resolved  into  sulphuric  acid  and  sulphuric  chloride :  2HCIS0*  =  H*SO* 
+  CFSO*. — By  pentachloride  of  i)ho8phorus  it  is  converted  into  sulphuric  chloride. — 
When  poured  into  water,  it  sinks  to  the  bottom,  and  gradually  dissolves,  with  forma- 
tion of  sulphuric  and  hydrochloric  acids.  It  has  decidedly  acid  properties,  and  forms 
definite  salts,  in  which  its  hydrogen  is  replaced  by  metals :  thus  it  dissolves  c&iorid^ 
of  sodium  at  a  gentle  heat,  with  evolution  of  hydrochloric  acid  and  formation  of  the 
salt  NaClSO*. — With  nitrate  of  sodium^  it  yields  sulphate  of  sodium  and  chloride  of 
nitryl : 

Na(NO»)0   +  HC1S0»     «     NaHSO*  +  N0*C1. 

Ethyl-  and  phenyl-compounds  analogous  to  sulphuric  chlorhydrate  are  produced  by 
the  direct  combiniition  of  ethylic  and  phonylic  chloride  with  sulphuric  oxide. — The 
etht/l'Compovnd,  C'H*CIS0*,  is  a  colourless,  oily,  pungent  liquid,  heavier  than  water, 
at  the  bottom  of  which  it  will  lie  for  weeks  without  thoroughly  decomposing.  Sul- 
phuric and  hydrochloric  acids  may,  however,  be  detected  immediately  after  its  immer- 
sion, and  on  neutralising  the  liquid  with  baryta,  a  soluble  barium-salt  is  formed, 
probably  the  ethylsulphate. — A  similar  compound  is  formed  by  chloride  of  mdh^, 
and  apparently  also  by  chloride  of  acetyl.   (R.  Williamson,  Chem.  Soc.  Qu.  J.  x.  1 00.) 

The  phenyl-oompound,  C*H*C1S0',  is  a  liquid  which,  when  treated  with  excera  of 
milk  of  lime,  forms  a  soluble  calcium-salt,  C"H*Ca"Cl'S*0*,  which  separates  on  evapo- 
ration in  flat  tabular  crystals.     (Hutching s,  Chejn.  Soc.  Qu.  J.  x.  102.) 

Sulphuric  Chlobide,  S0*CP.  Chloride  of  Svlphwryl.  Stdphuric  Chloralde- 
hyde.  Chlorostdphuric Acid.  (Regnault,  Ann.  Ch.  Phys.  [2], Ixix.  170;  Ixxi.  446. — 
A.  W.  Williamson,  Proc.  Roy.  Soc.  vii.  11.) — This  compound,  which  may  be  r^arded 
as  sulphuric  acid  in  which  2  at.  HO  are  replaced  by  2  at.  CI,  was  discovered  by  Reg- 
nault, who  first  obtained  it,  mixed  with  chloride  of  ethylene,  by  passing  dry  chlorine 
into  a  mixture  of  ethylene-gas  and  sulphurous  oxide ;  afterwards,  in  greater  quantity, 
by  exposing  a  mixture  of  chlorine  and  sulphurous  oxide  gases  to  strong  stinnliine  for  a 
consiaerable  time.  The  resiUting  liquid  may  be  freed  from  excess  of  chlorine  by 
agitation  with  mercury  and  subsequent  distillation.  It  is  also  produced  by  the  action 
of  phosphoric  pentachloride  on  sulphuric  oxide;  but  it  is  best  obtained  by  distilling 
strong  sulphuric  acid  with  tlie  pentachloride,  or  sulphate  of  lead  with  the  oxychloride  of 
phosphorus : 

S0«   +        PC1»     -       S0=C1»  +       P0C1« 
H«80«  +      2PC1*     -       S0*C1«   -I-     2P0C1*   +   2Ha 
3PbS0«    +   2P0C1»     -     3SO*C12   +   Pb»I^O« 

Sulphuric  chloride  is  a  colourless  filming  liquid,  of  specific  gravity  1*66.  It  boils  at 
77°,  and  may  be  distilled  unchanged  over  caustic  lime  or  baryta.  When  poured  into 
water,  it  sinxs  in  the  form  of  oily  drops,  which  gradually  disappear,  being  couverted 
into  hydrochloric  and  sulphuric  acids : 

S0«C1«  +   2H«0     =     2HC1   +   H'SO'. 

With  alcohol  it  behaves  in  a  similar  manner,  thus  : 

SO^CP  +    2(C'H»)H0     -     2C«H*C1  +  H«SO*. 

In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into  ethylsulph uric  acid 
by  the  intervention  of  another  atom  of  alcohol : 

H«SO*  +  (C«H*)HO     -     H«0  -h   (C'H»)HSO*. 

With  dry  ammonia-gas,  or  with  commercial  sesquictirbonate  of  ammonia,  it  forma  aal" 
phamide,  according  to  Regnault : 

SO«Cl«  +   4NH«     -     2NH*C1   +   N«H^O«. 
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such  as  (NH^)  NaSO\  Potassiam  and  sodium  also  form  anhydrosnlphateB,  composed 
of  a  molecule  of  the  neutral  salt  united  with  sulphuric  anhydride :  e.g,^  KaSO^.SO'. 
All  the  sulphates  of  the  alkali-metals  are  soluble  in  water ;  the  neutral  potassinm-salt, 
however,  is  much  less  soluble  than  any  of  the  others. 

The  diatomic  metals — that  is  to  say,  all  the  earth-metals  excepting  alnminium,  thori- 
num,  aud  zirconium,  and  the  greater  number  of  the  heavy  metals, — ^form  neutral 
sulphates,  represented  by  the  general  formula  M"SO*.  The  solphates  of  barium, 
strontium,  calcium,  and  lead  are  found  native.  The  barium-  and  lead-salts  are  inso- 
luble in  water;  the  strontium-salt  almost  insoluble;  the  calcium-salt  alightlj  soluble ; 
the  magnesium-salt  and  the  heavy  metal  sulphates  are  freely  soluble,  except  that  of 
mercury,  IIg"SO*,  which  is  decomposed  by  water.  The  heavy  metal  sulphates  hare 
an  acid  reaction,  and  all  of  them,  except  the  sulphate  of  lead,  and  perhaps  those  of 
manganese  and  zinc,  are  decompose<l  by  ignition. 

2.  Sulphates  formed  on  the  Type  of  a  DouUe  Molecvle  of  Sulphuric  Acid,  H^S'O* 

r=    ^',p  ''  [O*. — This  group  includes  a  few  simple  sulphates  (e.  g.,  stannic  sulphate, 

Sii"S'0*,  and  zirconic  sulphate,  Zr**S^O')  and  a  large  number  of  double  sulphates, 
containing:  (a),  1  atom  of  a  diatomic  and  2  atoms  of  a  monatomic  metal,  such  as 
potassio-cupric  sulphate,  K*Cu"S-0"  ;  (/3),  1  atom  of  monatomic  and  1  atom  of 
tri atomic  metal,  such  as  common  alum,  or  potassio-alumiuic  sulphite,  KAl^SH)*. 
All  these  double  sulphates  are  soluble  salta,  decomposible  into  their  constituent 
salts  by  excess  of  water  or  by  diffusion.  The  sub-group  a  likewise  includes  the 
acid  sulphates  of  barium  and  calcium,  Ba''H»S*0«  and  Call'S'O*. 

3.  T^-pp,  H«S^O»«  ^  ^^'^'  I  0*.—  This  group  includes  the  neutral  sulphates  of 

the  triatomic  metals :  e.g.,  A1'S*0'*,  Fe*S'0",  &c.  These  salts  are  often  found 
native :  they  are  soluble,  strongly  acid  compounds,  decomposible  by  ignition.  To 
the  same  group  belong  certain  acid  and  double  sulphates  of  the  alkali-metals  :  tM., 
K^H^S'O'*  and  K^Li«S*0". 

There  are  also  a  few  sulphates  derived  from  higher  multiples  of  H*SO*,  which  will 
be  noticed  further  on. 

Nearly  all  sulphates  are  crystallisable.  The  insoluble  or  difficultly  soluble  sulphates 
of  lead,  barium,  strontium,  and  calcium  occur  native,  in  large  well-defined  crystals; 
many  soluble  sulphates  also  in  smaller  crystals,  or  crystalline  masses.  Many  crystal- 
line sulphates  contain  considerable  quantities  of  water  of  crystallisation :  thus  the 
sulphates  of  iron,  cobalt,  nickel,  manganese,  zinc,  and  magnesium  crystallise  with 
7  at.  water ;  the  double  sulphates  of  the  alkali -metals  and  the  metals  of  the  ferro- 
magnesian  group  with  6  at.  water;  the  alums  with  12  at.  water. 

Among  the  crystalline  sulphates,  there  are  several  isomorphous  groups — ▼!«.,  the 
anhydrous  sulphates  of  potassium  and  sodium  (trimetric)  ;  the  anhydrous  sulphates  of 
calcium,  strontium,  barium,  and  lead  (trimetric) ;  the  pentahydrated  sulphates  of 
mangjinese  and  copper  (triclinic)  ;  the  hexhydrated  sulphates  of  zinc,  nickel,  and 
cobalt  (monoclinic) ;  the  hexhydrated  double  sulphates  of  the  alkali-metals  with 
magnesium,  zinc,  nickel,  cobalt,  iron,  manganese,  and  copper — e^.,  K*Mg''S*0*.6H*0 
(monoclinic) ;  and  the  alums,  or  dodccahydrated  double  sulphates  of  the  alkali-metals 
with  the  sulphates  of  triatomic  metals— -«.^.,  E1A1"'S*0".12H*0  (monometric,  and 
mostly  octahedral). 

The  simple  sulphates  of  the  ferromagnesian  family,  with  5  or  7  at.  water,  retain 
1  at.  with  very  considerable  force.  Thus  sulphate  of  magnesium,  MgS0*.7H*0, 
loses  6  8t.  water  at  a  temperature  not  much  above  100°;  but  it  holds  bade  the 
seventh  atom,  even  when  heated  to  upwards  of  200°.  This  last  atom  of  water  retained 
by  the  ferromagnesian  sulphates  was  called,  by  Graham,  constitutional 
water.  The  monohydrated  sulphates  of  the  form  M"SO*.H*0  are  analogous  to  eUcial 
sulphuric  acid,  n«SO^H*0. 

The  dodecahydrated  double  sulphates  of  the  alkali-metals  and  triatomic  metals  con- 
stitute* the  true  alums.  The  sulphates  of  ammonium,  potassium,  and  sodium  iffe 
capable  of  forming  alums  with  the  aluminic,  ferric,  chromic,  and  manganic  sulphates :  the 
existence  of  sodium-iron-alum  and  sodium-manganese-alum  appears,  however,  to 
be  doubtful.  Alums  have  also  been  formed  containing  the  monatomic  metals, 
thallium  and  silver:  e.g.,  silver-aluminium-alum,  AgAr''S«0M2H'0;  and  Wurtz  has 
obtained  an  ethyl-ammonium-alum,  (C'H"N)  Ar'S-0M2H«0.  In  addition  to  these, 
there  are  several  pseudo-alums,  derived  in  like  manner  from  2  at.  sulphuric 
acid,  but  having  a  different  number  of  atoms  of  crystallisation-water,  or  a  different 
ciystnllineform— f.^.,  KCr'"S^O*.6H20  ;  or  containing  diatomic  metals,  and  derived 
from  4  at.  sulphuric  acid,  such  as  Mn''(Ar')=S*0>«-24n«0  ;  Fe'^Fe"')*  S<0"*  24H*0,  &c 

The  genuine  alums  are  all  soluble  in  water,  forming  solutions  which  hare  a  styptic 
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excess.  It  is  perceptibly  crvBtalline,  and  Tery  solnMe  in  dilate  acids,  even  in  wmnn 
acetic  acid. — The  same  salt  is  obtained  by  the  action  of  rinc  on  a  cold  solution  of 
normal  aluminic  sulphate.  The  action  is  very  slow,  even  when  electrolytically  acce- 
lerated by  placing  tne  matorials  on  a  platinum-dish  ;  but  after  a  week«  a  transparent 
jelly  is  obtained,  which,  when  st*paratod  by  washing  from  zinc  and  excess  of  aluminic 
sulphate,  and  dried  over  oil  of  vitriol,  solidifies  in  small  transparent  masses  having  a 
vitreous  fracture.     (Debray,  Bull.  Soc  Chim.  [2],  vii.  1.) 

The  pentafjasic  satt,  6Al*O*.3SO«.20H«O,  is  obtained  by  gently  boiling  a  solution  of 
the  normal  salt  with  zinc  in  a  platinum-dish.  A  granular  precipitate  is  thereby 
formed,  easy  to  wash,  and  soluble  m  dilute  acids ;  it  gives  off  its  water  at  100^.  (De- 
bray.) 

y.  Double  Salts  of  Aluminic  Sulphate.  Alums. — The  formula  of  normal 
aluminic  alum  is  A1"'M(S0*)*.12H*0,  M  denoting  a  monatomic,  and  for  the  most  part 
an  alkali -metal.     Their  general  characters  have  been  already  described  (p.  679). 

Ammonio-aluminic  Su/phafe,  A1(NH')S0'.12H*C).  Amrtionia-alum, — This  salt  is  pre- 
pared, like  potash-alum,  by  adding  sulphate  or  chloride  of  ammonium  to  a  solution  of 
aluminic  sulphate.  It  is  also  found  native  as  tschertnigite^  at  Tschermig  in  Bohemia, 
in  octaliodrons  and  fibrous  masses:  hardness  ^  1  to  2;  specific  gravity  «  1*56. 
According  to  Buignet  (Jahresb.  1861,  p.  15),  the  specific  gravity  of  the  artificially  pn»- 
pared  crystals  is  1*653.  It  is  more  soluble  in  water  than  potash-alum,  100  pts.  of 
water  dissolving  5'22  pts.  of  it  at  0°,  and  421*9  pts.  at  100^.  In  other  respects  it 
bears  the  closest  resemblance  to  potash-alum,  and  is  used  for  the  same  purposes ;  in 
fact,  the  application  of  the  alums  as  mordants,  &c.,  depends  upon  the  sulphate  of 
aluminium  which  they  contain,  not  on  the  alkaline  sulphate.  When  heated  to  redness, 
it  leaves  anhydrous  alumina,  and  when  heated  with  alkalis,  it  gives  off  ammonia. — A 
fmsic  ammonia-alum^  analogous  to  basic  putash-alum,  is  obtained  by  gradually  adding 
ammonia  to  a  boiling  solution  of  the  normal  alum,  but  not  to  complete  satura- 
tion. 

Argento-aluminic  sulphate^  or  S{7vfr-a/tf9n,AlAg(SO*)M2H'0,  is  obtained 
by  heating  equivalent  quantities  of  argentic  and  aluminic  sulphate  with  a  smiall  quantity 
of  water,  in  an  oil- bath,  till  the  argentic  sulphate  is  completely  dissolved.  It  crys- 
tallises in  octahedrons,  and  is  resolved  by  water  into  its  component  salta.  (Church, 
Chem.  News,  ix.  155.) 

Ctesio-aluminic  sulphate,  or  Casiurn'olum,  AlCs(S0^)M2HK),  dystallisefl 
in  octahedrons,  having  a  glassy  lustre  (Bunsen).  100  pts.  of  water  at  17®  dissolve 
0*619  pt.  of  this  salt;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Red- 
tenbacher,  J.  pr.  Chem.  xciv.  42.) 

Potassio-aluminic  sulphate,  or  Pofff«A-a/«m,  AlK(S0*)M2H*O. — ^This  is 
the  salt  to  which  the  name  a  lum  is  most  generally  applied.  It  is  obtained  by  adding 
sulphate  or  chloride  of  potassium  to  a  solution  of  sulphate  of  aluminium.  The  sulphate 
of  aluminium  is  sometimes  prepared  for  this  purpose  from  clay  by  the  action  of  sul- 
phuric acid  in  the  manner  already  described,  but  more  frequently  by  the  calcination  of 
aluminous  schists,  which  are  argillaceous  rocks  containing  considerable  quantities  of 
sulphide  of  iron.  The  sulphide  of  iron  is  converted,  by  exposure  to  the  air,  into  forroos 
sulphate  and  free  sulphuric  acid : 

2FcS»  +   0^  +   H-0     -     Fe'SO*  +   H«SO«; 

and  the  sulphuric  acid,  acting  on  the  alumina  contained  in  the  clay,  forms  sulphate  of 
^nminium.  The«e  aluminous  schists  are  found  in  two  different  geological  positions— 
viz,,  in  the  transition  strata  [alum-slate],  in  which  position  they  are  largely  im- 
pregnated with  bitumen ;  and  in  the  lower  tertiary  strata,  just  above  the  chalk 
[alum-earth].  The  latter  are  much  less  compact  than  the  former;  consequently  their 
oxidation  is  easier,  and  sometimes  takes  place  spontaneously.  The  greater  part  of  the 
alum  manufactured  in  England,  France,  and  Germany  is  obtained  from  the  aluminous 
schists. 

The  most  extensive  alum  manufactoiy  in  Great  Britain  is  at  Hurlett,  near  Paisley. 
The  next  in  magnitude  is  at  Whitby,  of  whose  state  and  processes  an  instructive 
account  was  published  by  Mr.  Winter  in  the  twenty-fitth  volume  of  "  Nichobion's 
Journal."  The  stratum  of  aluminous  schist  is  about  twenty-nine  miles  in  width,  and  is 
covered  by  strata  of  alluvial  soil,  sandstone,  ironstone,  sheD,  and  clay.  The  alum-schist 
is  generally  found  disposed  in  horizontal  laminae.  The  upper  part  of  the  rock  is  the 
most  abundant  in  sulphur,  so  that  a  cubic  yard  taken  from  the  top  of  the  stratum  is 
five  times  more  valuable  than  the  same  bulk  100  feet  below. 

If  a  quantity  of  the  schist  be  laid  in  a  heap,  and  moistened  with  sea-water,  it  will 
take  fire  spontaneously,  and  continue  to  bum  till  the  whole  inflammaUe  matter  is  con- 
sumed. Its  colour  is  bluish-grey.  Specific  gravity  =»  2*48.  It  imparts  a  bituminous 
nrincinle  to  alcohol. 
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Alum  sometimes  occurs  in  nature  ready-fonnt^d.  This  is  the  case  at  Pozzuoli  near 
Naples,  where  it  effloresces  on  the  surface  of  the  soiL  It  is  dissolved  out  by  water,  and 
crj'stallised  by  evaporation. 

Alum  generally  cry8tallij*es  in  regular  octahedrons  and  in  cubes.  Its  specific  gravity 
is  1*7.  The  octahedral  crystals  are  the  most  common,  and  are  always  deposit^  from 
boiling  concentrated  solutions.  The  cubic  crystals  have  an  especial  tendency  to  form 
in  solutions  containingan  excess  of  alumina,  and  at  a  temperature  not  exceeding  50°,  as 
in  the  preparation  of  Koman  alum.  If  carbonate  of  potassium  bo  added  to  a  solution 
of  octahedral  alum  in  water  at  40°  or  45*^,  till  the  precipiute  ceases  to  redissolve  com- 
pletely, and  the  filtered  liquor  be  then  left  to  itself  at  a  gentle  heat,  cubic  alum  will  be 
obtained  quite  free  from  iron.  On  the  other  hand,  when  a  solution  of  cubic  alum  in  cold 
water  is  abandoned  to  spontaneous  evaporation,  the  alum  is  deposited  in  octahedrons. 
The  two  forms  are  identical  in  composition  (Low el,  Compt.  rend,  xxxvi.  595).  Some- 
times intermediate  forms  occur,  hke  Jigs.  194,  195,  196  (Cbystaixoorapht,  ii.  129), 
or  combinations  of  the  cube  and  octahedron  with  other  forms  of  the  monometric 
system,  like  ^^«.  199,  202,  204,  206,  208,  209,  212,  273  (ii.  130-132);  also  aggre- 
gates and  distorted  forms,  like  j?^«.  316,  317,  347,  348,  &c.  (ii.  159,  164). 

According  to  Foggiale,  100  pts.  of  water  dissolve  3*29  pts.  of  crystallised  alum  at 
0*» ;  9-52  pts.  at  10  ;  22  pts.  at  30° ;  31  pts.  at  60^ ;  90  pts.  at  70°,  and  357  pts.  at 
100°  (Graham's  Elementhy  2nd  edition,  i.  607).  The  solution  has  a  sweet  and  strongly 
astringent  taste,  an  acid  reaction,  and  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen.— When  2  pts.  of  alum  are  dissolved  in  1  pt.  of  boiling  water,  and  the 
solution  is  left  to  cool  in  a  closed  vessel,  no  crystallisation  takes  place  ;  but  as  soon  as 
the  vessel  is  opened,  small  octahedral  crystals  begin  to  form  on  the  surface,  and  in  a 
short  time  the  crystallisation  extends  through  the  whole  mass.  This  is  an  instance  of 
supersaturation  similar  to  that  exhibited  by  sulphate  of  sodium.  (Lowel,  Ann.  Ch. 
Phys.  [3],  xiii.  405.) 

Crystallised  alum  effloresces  slightly  on  exposure  to  the  air.  According  to  H  e  r  t  w  i  g 
(Pogg.  Ann.  Iv.  99),  it  gives  off  5  at.  water  at  100°,  and  4^  at.  more  at  120°,  leaving  a 
residue  containing  2A1K(S0*)*.  6HH).  This  residue  evolved  4  at.  water  at  1 80°,  leaving 
2AlK(S0*)Mi»0  ;  and  at  200°,  half  of  this  remaining  quantity  is  given  off,  leaving 
4A1'K(S0*)»  +  H«0.  According  to  Gerhard t  (J.  Pharm.  [2],  xii.  57)  dystallised 
alum  gives  off  10  at.  water  at  120°,  leaving  a  residue  easily  soluble  in  water ;  and 
at  200*^,  the  whole  is  expelled,  and  the  remaining  anhydrous  alum,  Bometimes  called 
burnt  alumt  is  insoluble.  Alum  heated  to  redness  with  charcoal  in  a  close  vessel 
yields  a  mixture  called  Homberg*8  pyrophorus,  which  becomes  red-hot  on  exposure  to 
the  air.  It  consists  of  very  finely-divided  charcoal  and  solphide  of  potassium,  inter- 
mixed with  sulphate  of  aluminium. 

Alum  is  used  in  lai^e  quantities  in  many  manufactures,  especially  in  dyeing  as  a 
mordant.  When  added  to  tallow,  it  renders  that  substance  harder.  Printers'  cufrhions 
and  the  blocks  used  in  the  calico-manufactoiy  are  rubbed  with  burnt  alum,  to  remove  any 
greasiness  that  might  prevent  the  ink  or  colour  from  sticking.  Wood  cnifficientlj 
soaked  in  a  solution  of  alum  does  not  easily  take  fire,  and  the  same  is  true  of  paper 
impregnated  with  it,  which  is  moreover  fitter  for  keeping  gunpowder,  as  it  excludes 
moi.sturo.  Paper  impregnated  with  alum  is  also  useful  in  whitening  silver  and  silvering 
brass  without  heat.  Alum  mixed  with  milk  facilitates  the  separation  of  the  butter. 
Alum  is  also  used  in  tanning.  In  medicine  it  is  employed  as  an  astringent. — On  this 
addition  of  alum  to  bread,  see  i.  658. 

Basic  Mum,  8A^0»|^^^'  "^  A1K(S0*)>.  A1«0».— This  compound  occurs  native 
with  different  proportions  of  water,  as  Alunite  and  Ldungite. 

Alunite  or  Alum^stone.,  AIK(S0*)«.A1«0«.  3H«0  «  A1K(S0«)«.2A1H»0»,»  is  found 
chiefly  in  volcanic  districts,  as  at  Tolfa  near  Civita  Vocchia,  at  the  Solfatara  near  Naples, 
and  at  Puy  dc  Garcy  in  Auvergne.  It  occurs  in  rhombohedral  crystals,  having  the 
angle  R  :  R  »  89^  10' ;  oR  :  R  »  124-  40',  and  length  of  principal  axis  — 
1-2523.  Observed  planes  R,  oR,  ?  R,  ^  R,  --  f  R,  and  -  2R  (Breithaupt). 
Cleavage  nearly  peifect  parallel  to  the  base,  indistinct  parallel  to  R.  It  also 
occurs  massive,  with  a  granular  or  impalpable  texture.  Hardness  ■>  3*5  to  4. 
Specific  gravity  ^  2*58  to  2752.  It  has  a  vitreous  lustre,  white  colour  (sometimes 
gre3rish  or  reddish),  and  white  streak.  Transparent  to  subtranslucent.  Fracture  flat^, 
concho'idal,  or  uneven  ;  of  massive  varieties  splintery,  sometimes  earthy.  Brittle.  The 
crystals  of  this  mineral  are  nearly  pure;  the  massive  varieties  contain  silica  sometimes 
to  the  amount  of  60  per  cent.     It  is  used  for  the  preparation  of  Roman  alum  (p.  581). 

A  salt  identical  in  composition  with  alunite  is  precipitated  as  a  crystalline  powder 
when  a  solution  of  alum  is  boiled  with  gelatinous  alumina. 

*  The  formula  given  for  thii  mineral  at  p.  161.  vol.  I.,  ii  incorrect. 
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Loiviffite,  ^j^^,Q^  4SO«.9H'0  -  2 [A1K(S07.2A1H«0«].3H«0,  occurs  at  Tolfa  near 

Rome  and  at  Taberze  in  Upper  Silesia,  in  amorphous  nodules  having  a  perfectly  crystalline 
fracture ;  hardness  between  3  and  4 ;  specific  gravity  =  2-68.  At  the  temperature  of 
boiling  sulphur,  it  gives  off  2-18  per  cent.  («  1  at.)  water,  and  at  a  slightly  higher 
temperature  6-67  per  cent,  water  together  with  sulphuric  acid,  leaving  a  residue,  from 
which  water  extracts  sulphate  of  potassium,  but  only  small  quantities  of  alumina. 
(F.  Homer  and  Lowig,  Jahresb.  1856,  p.  877. — A.  Mitscherlich,  J.  pr.  Cbem. 
Ixxxiii.  474.) 

A  salt  having  the  same  composition  is  produced,  with  evolution  of  hydrogen,  by  the 
action  of  zinc  on  a  solution  of  common  alum.  The  action  is  slow,  even  in  a  warm 
solution,  unless  assisted  by  placing  the  zinc  in  contact  with  lead  or  platinum.  By 
operating  in  a  platinum  capsule  at  100°,  the  salt  is  readily  obtained  as  a  crystalline 
precipitate.  Like  alunite  and  lowigite,  it  is  nearly  insoluble  in  nitric  and  in  hydro- 
chloric acids,  and  can  only  be  attacked  by  sulphuric  acid  diluted  with  an  equal  bulk  of 
water.     (Debray,  Bull.  Soc.  Chim.  [2],  vii.  9.) 

Bubidio-aluminic  sulphate^  or  Bubidium-alum,  AlRb(S0*)M2H'0,  formB 
large,  transparent,  non-efflorescent,  octahedral  crystals,  modified  with  faces  of  the 
cube  and  dodecahedron  (Kirchhoff  and  Bunsen).  100  pts.  of  water  at  17°  dissolve 
2*27  pts.  of  it;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Red  ten - 
bacher,  Jahresb.  1865,  p.  704.) 

Sodio-aluminic  sulphate,  or  Soda-alum,  AlNa(S0*)'.12H'0,  is  found  native, 
in  fibrous  crusts  or  masses,  on  the  island  of  Milo  in  the  Grecian  Archipelago,  at  the 
Solfatara  near  Naples,  and  near  Mendoza  on  the  east  of  the  Andes.  It  may  be 
prepared  artificially  in  the  same  manner  as  common  potash-alum,  and  obtained  in  large 
splendid  octahedrons,  by  leaving  a  solution  of  the  component  salts  to  evaporate  spon- 
taneously in  a  rather  deep  glass  vessel,  and  covered  with  a  layer  of  alcohol.  It  is 
much  more  soluble  than  potash-alum,  10  pts.  of  water  at  ordinary  temperatures  dis- 
solving 1 1  pts.  of  it. 

Thallio-aluminic  sulphate,  or  Thallium-alum,  A1T1(S0*)M2H«0,  crystal- 
lises in  regular  octahedrons.     (La my.) 

Pseudo-alums  containing  Diatomic  Metals. — Ferroso-aluminic  sulphate, 

^y*UsO\2m^O  =  Al'Fe"(SO«)<.24H«0,  is  produced  (according  to  Klauer)  when 

a  solution  of  the  component  salts,  mixed  with  excess  of  sulphuric  acid,  is  left  to  stand  in 
a  warm  place,  and  crystallises  after  a  few  days  in  tufts  of  silky  fibres. 

The  same  salt  occurs  native,  as  halotrichite  ot  feather-alum  (in  part),  at  Bodenmais 
and  Morsfeld  in  Rhenish  Bavaria,  at  Oroomiah  in  Persia  (where  it  is  used  for  making 
ink),  and  probably  at  Roseville,  Richmond  County,  New  York.  It  forms  fibrous,  silky, 
yellowish-white  crystals,  which  become  dull  and  pulverulent  on  exposure,  and  taste 
like  common  alum,  but  somewhat  inky  (Berthier,  Rammelsberg,  B.  Si  Hi  man, 
Jun.,  Dana's  Minerology,  ii.  383). — The  hversalt  of  Forchhammer,  from  Iceland,  is 
an  allied  alum  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  ferrous  oxide 
by  magnesia. — The  halotrichine  of  Scacchi  is  a  silky  mineral  from  the  Solfatara,  con» 

taining  ^^^'^' 1 5SO».54H«0. 

APOn 
Ferroso-potassio-aluminic  sulphate,  12Fe''0>17SO'.24H*0,  remains  in  the   earthy 

residue  left  on  distilling  the  sulphurous  soil  of  the  crater  of  the  Solfatara  near  Naples. 
It  crystallises  in  bottle-green  octahedrons,  which  are  permanent  in  the  air,  and 
dissolve  sparingly  in  water.     (Dufr^nay.) 

Magnesio-aluminic  sulphate,  or  MagnesM-aium,  Al'Mg(SO*)*.24H'0,  crystallises  from 
a  solution  of  the  constituent  salts  containing  a  considerable  excess  of  acid,  in  long 
needle-shaped  crystals.  It  occurs  native  in  similar  crystals,  an  feather-alum  orpicker- 
ingite,  A  specimen  from  Iquique  in  Peru  was  found  by  Hayes  (Sill.  Am.  J.  xlvi. 
368)  to  contain  12-180  pr  cent,  alumina,  4*682  magnesia,  36*322  sulphuric  anhydride, 
and  45*450  water,  besides  0*430  ferrous  and  manganous  oxides,  0*126  lime,  and  0*604 
silica  («  99*744),  agreeing  nearly  with  the  preceding  formula.  The  magnesium  is 
often  replaced  to  a  considerable  extent  by  manganese,  forming  mangano-magncsian 
alum. 

According  to  Klauer,  a  mixture  of  magnesic  and  alurainic  sulphates  containing  free 
acid  sometimes  yields,  by  slow  evaporation,  warty  groups  of  small  prismatic  crystals, 
containing  Al«%"(SO*)«.36H*0. 

Manganoso-aluminic  sulphate,  or  Manganese-alum,  Al'Mn(SO*)*-24H'0,  occurs,  with 
the  manganese  more  or  less  replaced  by  magnesium,  in  snow-white  silky  fibres,  at 
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Lagoa  Bay  in  South  Africa  (Apjohn,  Phil.  Mag.  [3],  xii.  103),  near  the  Bo«geman 
river  in  South  Africa  (Strom eyer,  Pogg.  Ann.  xxxi.  137),  and  near  Lake  Utah  in 
North  America  (Smith,  Sill.  Am.  J.  [2],  xviii.  372) : 

Sa'.  AI'O^.  MnO.  MgO.  K*0.  ITO.  KCL 

LagoaBay         33-51  10  65  660  0*36  .      .  4816  .      .  -  99*27 

BoMJeman  river  36-77  11-61  1-96  369  .      .  45*74  0-20  -  99*86 

Lake  Utah         38  85  10-40  212  3*94  0*20  46*00  .      .  -  100*61 

The  deposit  at  Lagoa  Bay  is  twenty  feet  thick,  and  is  mode  up  of  fibrooa  crystals  tax 

inches  lung. 

Snlpliatea  of  Ammonium.— ^c/ef,  (Nn«)HSO'.— ^ru/ra/,  (NH«)*SO\~Ali«ady 

described  under  Ammoniacal  »Sai.t»  (i.  193). 

Ammonio'sodic  sulphate,  (NH*)NaS0*.2H'0,  crystallises  finom  a  mixtnrD  of  sodie 
sulphate  and  ammonic  chloride,  or  of  ammonic  sulphate  and  sodic  chloride,  either  by 
slow  evaporation,  or  from  a  solution  concentrated  by  heat  till  a  crystalline  film  forms 
on  the  surface.  It  is  permanent  in  the  air,  gives  off  its  cry staUisat ion-water  over  oil 
of  vitriol,  and  slowly  recovers  it  on  exposure  to  the  air  at  15^  or  16^.  Specific  gravity 
of  the  crystallised  salt  ==  1*63  at  15° ;  that  of  a  solution  of  various  strengths  is  as  fol- 
lows: 

Perccntageof  crystallised  salt  31-8        25-44  15-9         12*72  6*3 

Specific  gravity  11749       11380       10849       10679       1*0337 

At  a  stronger  heat,  the  dehydrated  salt  gives  off  ammonia,  and  leares  acid  sulphate  of 
sodium.     (Schiff,  Ann.  Ch.  Pharm.  cxiv.  68.) 

Bolpbates  of  Antimon j*—2V<?t/^ra/  antimoniovs  sulphate,  Sb^SO)*,  formed  by 
boiling  antimony  with  strong  sulphuric  acid,  is  a  white  saline  mass,  which  is  resolved 
by  water  into  an  insoluble  basic  and  a  soluble  acid  salL  According  to  Brandes,  the 
salt  crystallisi'S,  from  mlution  in  excess  of  sulphuric  acid,  in  small  needles. 

Several  basic  sulphates  of  antimony  are  known. — A  sesquibasic  salt,  Sb*0*.2S0*  •■ 
Sb*0'.2Sb'(S0*)*,  is  producfd,  according  to  P^ligot,  in  small  shining  crystals,  by 
treating  oxychloride  of  antimony  (algaroth-powder)  with  fuming  sulphuric  acid. — The 
tribasic  salt,  Sb^O'.SO*  =  2Sb»0».Sb'(S0')»,  is  obtained  by  digesting  the  preceding 
salt  in  the  pulverised  state  with  alcohol,  and  remains  as  a  white  powder  on  filtration 
(Brandes).— TheA/'o^^w;  W^,  2Sb«0*.S0»  =  5Sb«0«.Sb«(S0*)«,  is  formed  firom  the 
sesquibasic  salt  by  boiling  with  water. 

An  acid  antimonious  tndphate,  Sb«0*.4S0*  «  Sb«(SO<?.SO«,  is  formed,  with  evolu- 
tion of  hydrochloric  acid,  b^  treating  p<jwder  of  algaroth  with  strong  sulphuric  add. 
It  crystalliHes  in  needles,  which,  however,  cannot  be  obtained  in  the  dry  state,  except  by 
keeping  them  for  a  long  time  in  a  vacuum  on  a  plate  of  baked  pipe-clay.    (P^ligot.) 

Bnlpliates  of  Barium. — The  neutral  sulphate,  Ba'SOS  occurs  very  abundantly  in 
nature  as  Hcai*y  spar  or  Barytcs,  sometimes  in  crystals  belonging  to  the  trimetrie 
system,  sometimes  massive  (see  Heayt  Spab,  iii.  137).  It  may  be  obtained  as  a 
crystalline  powder  by  fusing  12  grms.  of  potassic  sulphate  with  52  grms.  anhydrous 
chloride  of  barium  in  a  well-closed  crucible,  and  dissolving  out  the  soluble  salts  with 
water.  The  crystals  thus  obtained  agree  in  form  and  specific  gravity  with  native 
heavy  spar.     (Manross,  Ann.  Ch.  Pharm.  Ixxxii.  348  ;  Jahresb.  1852,  p.  9.) 

By  precipitating  the  solution  of  a  barium-salt  with  sulphuric  acid  or  a  soluble 
sulphate,  sulphate  of  barium  is  obtained,  as  a  heavy,  white,  amorphous  powder,  of 
specific  gravity  402 — 4*51  (Schroder,  Jahresb.  1869,  p.  12),  insoluble  in  water, 
very  slightly  soluble  in  dilute  acids,  somewhat  more  soluble  in  strong  sulphuric,  nitric, 
and  hydrochloric  acids  (ii.  503).  It  dissolves  also  to  a  perceptible  extent  in  aqueous 
nitrate  of  ammonium,  especially  when  the  boiling  solutions  of  a  sulphate  and  a 
barium-salt,  previously  mixed  with  a  little  nitrate  of  ammonium,  are  pourea  alternately 
into  a  boiling  solution  of  the  same  salt  (Mittenzwei,  J.  pr.  Chem.  Ixxv.  214). 
Accord!  ng  to  S  c  h  e  o  r  c  r  {ibid.  p.  113),  the  precipitation  of  sulphuric  acid  bv  barium-salts 
is  retarded  by  the  presence  of  mctaphosphoric  acid,  but  not  of  pyrophosphoric  or  ortho- 
phosphoric  acid. 

Sulphate  of  barium  l)oiled  with  a  concentrated  solution  of  a  fixed  alkaline  carbonate 
is  decomposed,  but  never  completely,  into  alkaline  sulphate  and  barium-carbonate ;  a 
somewhat  more  complete  decomposition  is  obtained  by  fusion  with  alkaline  carbonates. 
Sulphate  of  barium  is  reduced  to  sulphide  by  ignition  with  charcoal  or  organic  matter; 
also,  according  to  Wurtz,  by  ignition  in  a  stream  of  coal  gas ;  or,  according  to  Deville, 
in  a  stream  of  hydrogen  mixed  with  vapour  of  carbonic  disulphide. 

Native  sulphate  of  barium,  in  the  state  of  powder  and  mixed  with  white  lead,  is  used 
as  a  pigment;  alone  it  has  not  suHicient  body;  the  amorphous  sulphate  is  prepared 
on   the  lai^e  scale  by  pLcoipitalion,   and  forms  the  pigment  cadled  permapeat 
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hence  the  occurrence  of  gypsum  in  salt-springs.  Calcic  sulphate  diasolvee  alto  in  excess 
of  a  saturated  solution  of  sodic  hyposulphite,  with  moderate  facility  at  ordioary  tem- 
peratures, more  quickly  on  wanning,  being  at  the  same  time  converted  into  calcic 
iiyposulphitc,  which  unites  with  the  excess  of  sodic  hyposulphite,  forming  a  soluble 
double  salt ;  and  on  adding  alcohol  to  the  solution,  this  double  salt  is  precipitated 
as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  crystals.  The  solubility  of 
calcic  sulphate  in  sodic  hyposulphite  affords  a  means  of  separating  it  from  iMric 
sulphate.     (Diehl,  J.  pr.  Chem.  Ixxix.  430.) 

Gypeum  heated  to  100°  or  120°  gives  off  three-fourths  of  its  water  somewhat 
quickly,  but  the  last  fourth  is  not  expelled  below  200°— 260°.  The  hydrated  calcic 
sulphate  deposited  in  st^^am-boilers  has  the  same  composition  as  gypsum  dried  at  100^, 
viz.  2Ca»S0MI''0,  and  a  specific  gravity  of  2*7.  Dehydrated  gypsum  melts  at  a  nd 
heat  without  decomposition,  and  on  cooling  assumes  the  crystalline  stmcture  of 
anhydrite.  When  gypsum  dehydnitcd  at  a  moderately  high  temperature,  and 
pulverised,  is  agitated  with  water,  it  takes  up  2  at.  water,  and  solidifies  to  a  veij 
nard  mass,  the  solidification  being  quicker  in  proportion  os  the  gypsum  has  beoi 
dehydrated  at  a  lower  temperature ;  if  this  temperature  exceeds  a  certain  limit,  the 
gypsum  bakes  together,  and  is  then  incapable  of  taking  water.  The  hydrated 
gypsum  expands  in  solidifying,  so  that  it  easily  fills  the  caWties  of  anj  mould  in 
which  it  is  cast :  hence  the  use  of  gypsum  or  plaster  of  Paris  in  taking  casts  (ii.  962). 
Calcic  sulphate  ignited  with  charcoal  or  organic  matter  is  reduced  to  sulphide. 

Acid  sulphate  of  calcium ^  or  Calcio-hydric  sulphate j  Ca"H*(SO*)*,  is  produced, 
(according  to  Bo rz el i us)  by  digesting  the  anhydrous  neutral  salt  with  sulphuric  acid 
at  80° — 100°.  It  forms  a  granular  mass,  the  particles  of  which  appear  under  the 
microscope  as  short,  colourless,  transparent  prisms.  It  absorbs  moisture  from  the 
air,  and  is  then  quickly  decomposed  into  sulphuric  acid  and  the  neutral  sulphate. 

CaUHo-sodic svlphatCf  Ca''Na*''(SO')*,  occurs  native  as  glauberite  or  brongniartin 
(ii.  845),  in  transparent  rhombic  prisms.  According  to  Berthier,  it  may  be  obtained 
in  the  same  form  by  fusing  a  mixture  of  calcic  and  sodic  sulphates.  When  60  pts.  of 
Bodic  sulpliate  are  heated  with  25  pts.  water  in  whicli  1  pt.  of  gypsum  has  been  stirred 
up,  the  liquid  deposits  at  80°  a  pulp  of  crystalline  needles,  consisting  of  the  salt 
Ca"Na*(S0*)'.2H*0.  At  a  higher  temperature,  these  needles  are  converted  into 
microscopic,  rhombohedral,  anhydrous  crystals  of  glauberite,  Ca"Na*(SO*)*.  The 
latter  is  also  formed  immediately,  if  twice  the  above  quantity  of  water  is  used  at  the 
beginning  of  the  process,  and  the  liquid  heated  to  boiling.  These  artificial  crystals 
of  glauberite  are  transparent,  like  the  native  crystals  from  Yillarubia,  but  become 
opaque  and  mucli  more  friable  by  ignition. 

Sulphate  of  calcium  likewise  unites  by  fusion  with  the  fluorides  of  barium,  strontium, 
and  calcium,  forming  clear  fluid  masses,  which  become  milk-white  on  solidifying. 

^^Snlpliatea  of  Cerinin. — a.  Ceric  Salts.    Neutral  or  normal  Cerie  SHlpkaie, 

Ce*(SO*)*  e=  Ce*0*.3S0*,  obtained  by  dissolving  ceric  oxide  in  sulphuric  acid  send 
evaporating,  forms  efflorescent  crystals  belonging  to  the  hexagonal  system,  which  dis- 
solve in  a  small  quantity  of  water,  but  are  decomposed  by  a  larger  quantity,  with 
precipitation  of  a  basic  salt  requiring  2,500  pts.  of  water  to  dissolve  it  (Mo sand er). 
On  dissolving  this  basic  salt  in  sulphuric  acid,  the  neutral  salt  crystallises  out  again 
with  9  at  water  (Hermann,  J.  pr.  Chem.  xxx.  184). — The  basic  salt  contaxDBf  according 
to  Hermann,  3Ce«0».4SO«.9H20,  or  4Ce^SO*)».5Ce*0».27H«0.  Marignac  regards  it  as 
a  ceroso-ceric  salt.  A  basic  ceric  sulphate,  the  composition  of  which  is  not  given,  is 
prepared,  according  to  Holzmann  (J.  pr.  Chem.  Ixxv.  321;  Jahresb.  1858,  p.  132), 
by  dissolving  the  brown  powder  obtained  by  roasting  a  mixture  of  cerous  oxalate  and 
magnesia  alha  (i.  832)  in  boiling  nitric  acid,  heating  3ie  solution  till  nearly  all  the  fifee 
nitric  acid  is  expelled,  triturating  100  grms.  of  the  crystalline  mass  which  forms  on 
cooling  with  100  cub.  cent,  of  water,  and  adding  the  quickly  filtered  solution  to  2  litres 
of  boiling  water  previously  mixed  with  12  cub.  cent  of  sulphuric  acid.  The  basic 
ceric  sulphate  which  then  separates  is  to  be  washed  by  decantation  with  water  con- 
taining the  same  quantity  of  sulphuric  acid. 

Potassio-ceric  sulphate,    Ce«K*(SO*)*  -  2K«o(^^^*'  ^®  obtained,  by  immersing 

crystallised  potassic  sulphate  in  a  solution  of  ceric  sulphate,  as  a  lemon-yellow  powder, 
which  dissolves  in  water  and  crystallises  therefrom,  but  is  insoluble  m  a  saturated 
solution  of  potassic  sulphate.  When  ignited  it  turns  white,  gives  off  sulphuric  oxide 
and  oxygen,  and  leaves  ccroso-potassic  sulphate  (Hermann). — Ammonio-cerous  sul- 
phate forms  monoclinic  crystals. 

fi,  Cerous  Salts.— Neutral  cerous  sulphate,  Ce''S0*.3HK),  is  obtained  by  dissolving 
cerous  carbonate  in  sulphuric  acid,  or  (according  to  Marignac)  by  dissolving  ceroso- 
ceric  sulphate  in  water  acidulated  with  sulphuric  or  nitric  add,  diluting  the  yellowish- 
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— Ammonio^eroso-ceric  sulphates  v^r^  obtained  in  the  same  manner  as  the  potassic  salts 

Besides  acrystallo-granular  precipitate  cont  aining  4(NH*)«SO*.2Ce''SO*.OB«(SO«)«.4lI-0, 
large,  orange-rod,    mouoclinic  crystals  are   formed,  containing    9(NH*)'S0*.Cc''S0\ 

2Ce*(SO*)M2II'0,  easily  soluble  in  water,  and  leaving  pure  ceroso-ceric  oxide  when 
ignitinl  (Uiimmelsberg).  Marignac  obtained  an  ammonio-ceroso-ceric  salt,  analo- 
gous iu  form  and  composition  to  his  potassio-ceroso-ceric  salt. 

Bulpliates  of  Cliroiniuiii.  (>S  c  h  r  o  1 1  e  r,  Pogtr.  Ann.  liii.  5 1 3. — T  r  a  n  b  e,  Ann. 
Ch.  riiarm.  Ixvi.  87,  108. — Moberg,  ibid.  bcvi.  92.— Leykauf,  J.pr.  Chem.  xix. 225. 
— LGwel,  Ann.  Ch.  Pbys.  [3]  xL  42  ;  xliv.  313;  Jahresb.  1865,  p.  376.)--o.  Chro- 
mic Salts.— The  normal  or  neutral  salt,  (^(80*)*  op  CrK)».3S0«.  exhibit*  a  xiolet 
and  a  green  modification.  The  violet  sulphate  is  obtained  by  leaving  8  pts.  of  chiomic 
hydrate  dried  at  100°,  and  8  or  10  pts.  of  strong  sulphuric  acid,  in  a  loosely-stoppered 
bottle  for  several  weeks.  The  solution,  which  is  green  at  first,  gradmuly  becomes 
blue,  and  deposits  a  greenish-blue  crystalline  mass.  On  dissolving  this  substance  in 
water,  and  adding  alcohol,  a  violet-blue  crystalline  precipitate  is  formed  ;  and  by  dis- 
solving this  precipitate  in  very  weak  alcohol,  and  leanng  the  solution  to  itself  for 
some  time,  small  regular  octahedrons  are  deposited,  containing  Cp*(S<>')*.15HK). 
Another  mode  of  preparing  it  is  to  dissolve  5  pts.  of  chromic  hydrate  in  12^  pta.  strong 
nitric  acid ;  dilute  the  solution  with  12^  pts.  of  water;  and  after  boiling  for  a  quarter  of 
an  hour,  and  leaving  the  liquid  to  cool  (whereupon  it  turns  red),  add  7}  pts.  strong 
sulphuric  acid  previously  diluted  with  15  pts.  of  water,  and  cooled.  On  shaking  ap 
this  solution  vnth  120  pts.  of  alcohol,  the  salt  separates  in  small  cxystals,  which  must 
be  washed  with  alcohol  and  dried  between  filter-paper.  (Low el,  Ann«  Ch.  Phys.  [3] 
xl.  42.) 

The^rffn  sulphate,  Cr'(S0*)'.6H^0,  is  prepared  by  dissolving  chiomic  oxide  in  strong 
sulphuric  acid  at  a  temperature  between  50^  and  60^ ;  also  by  boiling  a  solution  of  the 
violet  sulphate;  or  by  heating  the  crystals  of  the  violet  salt  to  100^,  whereupon  thej 
give  up  10  at.  water,  and  molt  to  a  green  liquid  which  solidifies  to  a  green  amorphous 
mass.  The  liquid,  when  quickly  evaporated,  yields  a  green  non-crystalline  salt  having 
the  same  composition  as  the  violet  sulphate.  The  green  sulphate  dissolves  readily  in 
alcohol,  forming  a  blue  solution  ;  but  the  violet  salt  is  insoluble  in  alcohoL  The  solu- 
tion of  the  green  sulphate  is  not  completely  decomposed  by  soluble  barium-salts  at 
ordinary  temperatures,  a  boiling  heat  being  required  to  complete  it ;  the  violet  sulphate, 
on  the  contrary,  is  deprived  of  all  its  sulphuric  acid  by  barium-salts  at  ordinaiy  tempe- 
ratures. When  either  the  green  or  the  violet  sulphate  is  heated  to  190®,  with  excess  of 
sulphuric  acid,  a  light -yellow  mass  is  obtained,  which,  when  further  heated,  leaves  a 
residue  of  anhydrous  chromic  sulphate,  having  a  red  colour.  This  anhydrous  salt  is 
completely  insoluble  in  water,  and  dissolves  with  difficulty  even  in  acid  liquids. 

Basic  Sal  ts.— The  scsquibasic  sulphate,  Cr'0'.2S0«,  or  Cr*0'.2Cr*(S0<)«,  is  formed 
(accordi  ng  toSchrotter)  when  recently  precipitated  and  still  moist  chromic  hydrate  is 
dissolved  to  complete  saturation  in  moderately  dilute  sulphuric  add.  The  green 
solution  thus  formed  leaves,  on  evaporation,  a  green  residue,  which  appears  dark  ruby- 
red  by  transmitted  light,  is  perfectly  amorphous,  and  when  heatod  to  redness  is 
converted,  without  change  of  colour,  into  chromic  oxide.  It  dissolves  readily  in  a  small 
quantity  of  water;  the  solution  exhibits  a  dark  ruby  colour  by  transmitted  light, 
and  on  dilution  with  water,  especially  if  heated,  deposits  a  light-green  powder. — The 
^'basic  salt,  ZCtH):2S0^.12H'0  =  7Cr20«.2Cr«(S0*)».36H='0,  is  the  light-green  powder 
which  separateson  heating  the  dilute  solution  of  the  preceding  salt  (Schrotter). — ^The 
dibasic  salt,  2Cr«0«.3SO«  «  Cr«0».Cr«(SO*)«,  is  produced  (according  to  Kriiger)when 
a  solution  of  chromic  sulphate  is  heated  till  the  original  green  colour  changes  to  rose-red. 
It  is  insoluble  in  water. — The  precipitates  formed  by  alkalis  in  solutions  of  chronuc 
sulphate  are  likewise  basic  salts,  which  however  vary  greatly  in  composition,  according 
to  the  concentration  of  the  liquid  and  the  quantity  of  alkali  added. 

Double  Salts  of  Chromic  Sulphate.  Chrome-alums. — Ammonia-chrome' 
alum,  Cr"'(NH*)(S0*)*.12H*0,  is  prepared,  like  the  corresponding  potassium-salt,  with 
sulphate  of  ammonium  and  chromic  sulphate  (Schrotter),  or  acid  chromate  of 
ammonium  (Traute).  It  is  less  soluble  than  the  potassium-salt,  and  crystallises 
more  readily  in  splendid  ruby-coloured  octahedrons,  which  yield  a  lavender-blue 
powder.  Specific  gravity  «  1*738.  From  a  concentrated  solution  of  violet  chromic 
sulphate,  it  is  precipitated,  on  addition  of  ammonium-sulphate,  as  a  violet-blue 
crystalline  powder.  It  is  not  precipitated  from  its  aqueous  solution  by  alcohol.  The 
crj'stals  effloresce  slowly  in  contact  with  the  air,  and  melt  at  100°,  witli  loss  of  9  at. 
water,  the  residue  slowly  solidifying  to  a  green  gimimy  mass  containing  3  at.  water, 
which  is  the  double  salt  corresponding  to  Qio  green  modification  of  chromic  sulphate. 
At  200°,  the  other  3  at.  water  are  given  ofl^  the  green  anhydrous  salt  then  remaining. 
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vessel,  potassio-chromotis  sulphate  crystallises  ftx>m  it  in  fine  bine  rhombic  prisms, 
which  turn  green  on  exposnre  to  the  air.     (P^ligot.) 

Snlpl&atea  of  Cobalt. — The  neutral  cobalfous  salt,  Co"S0^7H*0,  occurs  native 
as  cobalt-Titriol  or  biebcrit  e,  sometimes  in  monoclinic  cnrstals,  but  usually  in 
stalactites  and  crusts,  in  the  rubbish  of  old  mines  at  Bieber,  near  iLanau,  and  at  Leo^&ng 
in  Salzburg.  It  is  prepared  artificially  by  heating  metallic  cobalt  with  strong  sulphuric 
acid,  or  by  treating  cobaltous  oxide  or  carbonate  with  the  dilute  acid.  The  red  solu- 
tion, left  to  evaporate  at  ordinary  temperatures,  yields  r<xi  crystals  having  the  form  of 
ferrous  sulphate,  and,  like  the  latter,  containing  7  at.  water.  At  20° — 30°,  on  the  other 
hand,  it  separates  in  cr}-stals  with  6  at.  water,  isomorphous  with  hezhydrated  sulphate 
of  magnesium  (p.  601)  (Mitscherlich).  It  dissolves  in  24  pts.  of  cold  water,  and 
is  insoluble  in  alcohol.  It  effloresces  in  the  air,  gives  off  its  water  of  crystallisatioa 
when  heated,  and  is  thereby  converted  into  the  rose-red  anhydrous  salt,  wnich  bears  a 
moderati'ly  strong  red  heat  without  decomposition,  but  is  decomposed  by  continued 
strong  ignition. — A  flesh-coloured  basic  sulphate,  insoluble  in  water,  is  formed  by 
treating  the  solution  of  the  neutral  salt  with  a  quantity  of  alkali  not  sufficient  for  com- 
plete precipitation. 

Ammoniacal  cobaltous  sidphate,  Co"S0*.6NH*,  or  Sulphate  of  tetramnumiO'CobaitoaO' 
diammanium,W\Co'{l^'R*yR-]^0*,  is  a  white  powder,  produced  (according  to  H.  Hose) 
by  the  action  of  diy  ammonia-gas  on  anhydrous  cobaltous  sulphate ;  also  (according  to 
I^  r^my)  by  the  action  of  aqueous  ammonia  on  cobaltous  sulphate. 

Respecting  the  ammoniated  cobalt-salts  obtained  by  the  action  of  ammonia  <hi 
cobaltous  salt  in  contact  with  the  air,  see  Cobaxt-basrs,  Ammoniacal  (i.  1051).  On 
the  pentamm«niated  cobaltic  salts,  see  also  C.  D.  Braun  (Ann.  Ch.  Pharm.  cxxxviii. 
109  ;  Bull.  Soc.  Chim.  1866,  ii.  316). 

Double  Salts  of  Cobaltous  Sulphate. — Ammonio-eobaltous  su/phate. 
Co"(NH*)-(SO*)^6H'^0,  and  Potassio-cobaltous  sulphate,  Co"K«(SO*)«.6HH),  ar«  red 
double  salts,  isomorphous  with  the  corresponding  salts  of  iron,  magnesium,  and  man- 
ganese. 

Potassio-ferroso-cobaltous  sulphate,  CoTe'TC*(SO*)*.12H*0,  and  the  corresponding 
ammonium-salt  are  produced  by  spontaneous  evaporation  of  a  mixed  solution  of  the 
component  salts.  They  both  crystallise  in  reddish,  oblique,  rhombic  prisms,  which  oxi- 
dise and  cnmible  to  a  yellowish-brown  powder  on  exposure  to  the  air.  On  dissolving 
this  powder  in  water,  the  original  double  salt  is  reproduced.  (V  ohl,  Ann.  Ch.  Pharm. 
xciv.  57  ;  Jahresb.  1855,  p.  312.)  „ 

Magncsio-cobaltous  sulphate,  Co*Mg''(SO*)*.28H*0,  is  found  natiye  (according  to 
Winkelblech)at  Bieber  in  Hesse,  as  a  red  stalactitic  mass,  also  called  cobalt'VUriol, 

Potassio-maanesio-cobaltous  sulphate,  Co''Mg"K\iS0*)*.12H*0,  and  the  corresponding 
ammonium-salt  are  formed  on  mixing  the  solutions  of  the  component  salts,  and  crys- 
tallise very  easily  in  large  rose-coloured,  oblique,  rhombic  prisms,  which  give  off  all 
their  water  between  160°  and  180°,  assuming  a  fine  light-blue  colour.     (VohL) 

Potassio-manganosO'Cobaltous  sulphate,  Co'Ttfn"K\SO*)M2H*0,  and  the  correspond- 
ing ammonium-salt,  prepared  like  the  preceding,  crystallise  in  fine  red  prisms  and 
tables,  the  ammonium-salt  being,  however,  more  inclined  to  the  tabular,  the  potassiom- 
salt  to  the  prismatic  form.     (Vohl.) 

Potassio-^iccolo-cobaltous  sulphate,  Co"Ni''K*(SO*)^.12H"0,  and  the  corresponding 
ammonium-salt,  prepared  in  like  manner,  crystallise  in  lai^e  tables  and  prisms  havii^ 
a  dingy  greenish-grey  colour.     (Vohl.) 

PotassiO'Zinco-cobal torts  sulphate,  Co"Zn"K*(S0*)M2H'0,  and  the  corresponding 
ammoniujn-salt  crystallise  in  rose-red  prisms  and  tables.  When  heated  to  180°,  they 
give  off  all  their  water,  assuming  a  blue  colour,  which  partially  disappears  on  cooling. 
The  ammonium-salt  leaves,  after  prolonged  ignition,  a  fine  green-coloured  mass,  from 
which  water  extracts  only  a  portion  of  the  cobaltous  sulphate.     (Vohl.) 

Sulpbafes  of  Copper. — o.  Cupric  Salts.  Normal  (or  neutral)  cupric  sulphatr, 
Cu"S0^5H*0,  also  called  Blue  vitriol  and  Copper  vitriol. — This  salt  occurs  very  fire- 
quently  as  a  secondary  product,  in  mines  where  sulphuretted  copper-ores  undergo 
disintegration,  and  is  found  either  crystallised  in  clefts  and  cavities,  or  dissolved  in  the 
waters  of  the  mine,  or  in  the  water  used  for  washing  the  ore. — It  is  produced  artificiaUj 
by  boiling  cupric  oxide  (scale-oxide  of  copper)  with  dilute  sulphuric  acid,  and  crystal- 
lises out  on  cooling ;  or  by  heating  metallic  copper  with  strong  sulphuric  acid,  where- 
upon sulphurous  oxide  is  evolved,  and  anhydrous  cupric  sulphate  is  precipitated  as  a 
white  powder,  mixed  with  a  brown  mass  of  cuprous  and  cupric  sulphides  (p.  840).  On 
digesting  this  mass  with  hot  water,  the  cupric  sulphate  dissolves  out^  and  may  be  crys- 
tallised from  the  solution. 

Cupric  sulphate  is  extensivelv  used  in  the  arts,  and  is  prepared  on  the  large  scale. 
either  from  artificially  prepared  sulphide  of  copper,  or  by  roasting  and  lixiviation  of 
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Iljdrochloric  acid  dissolTos  cnpric  sulphate,  with  considerable  reduction  of  tempnu- 
tnro,  forming  a  green  liquid,  which,  whrn  evaporated,  yields  crystals  of  cupric  chloride. 
According  to  Kane,  1)oth  the  anhydrous  salt  and  the  pulverised  hydrate  mpidly  absorb 
2  at.  hydrochloric  acid  gas. 

When  a  strong  solution  of  sugar  is  added  to  a  strong  solution  of  cupric  sulphate,  a 
white  easily  soluble  precipitate  is  gradually  formed,  consisting  of  a  compound  of  1  at. 
cupric  sulphate  with  1  at.  sugar  (CH^O")  and  4  at.  water.  (Barreswil,  J.  pr. 
Chem.  XXXV.  253.) 

When  a  solution  of  cupric  sulphate  is  mixed  with  ferrous  sulphate,  or  with  sulphate 
of  zinc,  magnesium,  or  nickel  in  excess,  the  cupric  sulphate  crystallises  iscmorphously 
with  thcso  salts  in  the  most  varying  proportions,  the  crystals  having  the  form  of  ferrous 
sulphate  and  containing  7  at.  water.  If,  on  the  other  hand,  the  cupric  sulphate  is  in 
excess,  the  cr}'8tal8  have  the  form  of  blue  vitriol,  and  contain  6  at.  water  (Mitscher- 
lich).  Acconling  to  Rammelsberg,  a  solution  containing  1  at.  ferrous  to  4  at.  cuprie 
sulphate  yields  crystals  having  the  form  of  the  latter. 

Cupric  sulphate  is  used  for  the  preparati(»n  of  many  blue  and  green  pigments  (sueh 
as  Bremer  blue,  Schweinfurt  green,  &c.),  and  very  largely  in  the  electrotype  process. 
It  is  also  used  in  medicine.  Its  purity  may  generally  be  recognised  by  the  form  and 
colour  of  the  crystals.  A  tinge  of  green  indicates  the  presence  of  a  ferrous  salt ;  blue 
vitriol  thus  contaminated  does  not  dissolve  completely  in  ammonia.  The  presence  of 
zinc  is  easily  recognised  in  the  liquid  which  remains  after  precipitating  the  copper  by 
sulphydric  acid. 

Basic  Salts. — There  are  several  basic  cupric  sulphates,  forming  greenish  powders, 
and  obtained  for  the  most  part  by  digesting  a  solution  of  the  nonnal  salt  with  cupric 
hydrate  or  carbonate,  or  by  imperfect  precipitation  with  potash.  Some  of  tiiem  also 
occur  native. 

A  dicuprie  m//,  2Cu''0.S0».H»0  or  Cu^SO^Cu'lI^O*,  is  produced,  according  to 
Thompson,  by  digesting  the  normal  salt  with  cupric  oxide  in  equivalent  quantities; 
and  the  anhydrous  salt,  2CuO.SO*  or  CuSO*.CuO,  according  to  Roucher  (J.  Pharm. 
[3]  xxxvii.  249;  Jahrcbb.  1861,  p.  193),  as  an  orange-yellow  pulverulent  mass,  by 
the  normal  salt  to  dullredness  for  several  hours. 

The  tricupric  salt,  3CuO.SO*  =  CuSO*.2CuO,  is  produced  by  the  action  of  water  on 
the  anhydrous  dicupric  salt,  which,  when  exposed  to  moist  air,  is  converted  into  a  green 
mixture  of  the  normal  salt  and  the  salt  3CuO.SO'.2jH*0 ;  and  when  immersed  in  hot 
water,  }neld8  a  solution  of  the  normal  salt,  nnd  a  residue  consisting  of  3CuO.SO*.3H'0. 

The  tefracvpric  salt,  4CuO.SO».3H«0  =  CuS0«.3CuH«0«,  occurs  native  as  brochan- 
tite  (i.  664),  in  emerald-green  rhombic  prisms,  at  Ekaterinenbe^g  in  Siberia,  at  Kets- 
hanya  in  Hungary,  and  at  Krisuvigin  Iceland  (krisuvigite).  It  is  produced  artificially  :— 
1.  By  precipitating  a  solution  of  blue  vitriol  with  a  quantity  of  potash  just  sufficient 
to  render  the  liquid  alkaline ;  it  then  falls  as  a  light-blue  precipitate  containing  3  at. 
water  if  separated  from  concentrated,  and  6  at.  water  if  from  dilute  solutioni 
(J.Donham  Smith).  Kuhn  found  this  precipitate  to  contain  4  at.  water, and  observes 
that  the  complete  precipitation  of  the  copper  from  1  at.  normal  cupric  sulphate  {CaSO*) 
requires  exactly  |  at.  potash (KHO).  According  to  Field  (Phil.  Mag.  [4]  zziv.  123X 
the  tetrahydrated  salt,  4CuO.SO».4H*0  or  CuS0*.3CuH»0«.H'0,  is  precipitated  as  a 
shining  green  powder,  when  a  tmall  quantity  of  potash  is  added  to  a  lai^  excess  of 
blue  vitriol,  the  liquid  boiled,  and  the  precipitate  thoroughly  washed.  The  same  com- 
position is  exhibited  by  brochantito  from  Acandallo  in  Chile:  specific  gravity  »  3'81. 
— 2.  The  same  hydrate  is  obtained,  accordingto  Vogel  and  Reischauer  (Jahresb. 
1869,  p.  216),  by  precipitating  blue  vitriol  with  an  insufficient  quantity  of  ammonia. 
If  the  ammonia  is  added  in  excess,  the  tetrabasic  salt  is  likewise  formed,  but  mixed  with 
cupric  hydrate,  from  which  however  it  quickly  separates  in  microacopic  ciystals,  while 
the  cupric  hydrate  is  converted  into  oxide. — 3.  The  tetrabasic  salt  is  also  formed, 
mixed  however  with  cupric  hydrate,  when  metallic  copper  is  left  in  a  solution  of 
ammonium-sulphate  exposed  to  the  air.  (Vogel  and  Reischauer.) — 4.  The  tetra- 
cupric  salt  with  3^  at.  water  =  2(CuSO\3CuO).7H  O  »  2cCuSO\8CuH*0«).fl»0, 
is  formed  on  mixing  a  dilute  solution  of  blue  vitriol  with  the  acetate  of  an  alkali-metal, 
magnesium,  manganese,  cobalt,  nickel,  zinc,  cadmium,  or  copper ;  thus  with  sodic 
acetate: 

4CuS0*  +   6C»H«NaO*  +   3H*0     «     CuSO«.3CuO   +   3Na«S0«   +  6C«H*0«. 

The  precipitate,  which  forms  slowly  in  the  cold  (or  with  the  acetates  of  zinc,  nickel, 
and  cobalt,  not  at  all\  but  immediately  on  boiling,  is  flocculent  at  first,  but  soon  becomes 
granular  ;  it  has  a  fine  green  colour,  nearly  equal  to  that  of  Schweinfurt  green,  and  is 
so  nearly  insoluble  in  boiling  water  that  it  is  perceptibly  formed  in  liquids  containing 

0"^y  50.000  P^'  ^^  ^^^^'*"  acetate ;  in  dilute  acids,  on  the  contrary  (even  in  acetic  acid),  it 
is  easily  soluble,  and  romewhat  soluble  in  cnpric  sulphate.      By  repeated  evaporstion 
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in  Alsace,  is  (according  to  Lefort)  CiLFe\SO*/.28H'0.  In  Admont  Titriol  Um 
quantity  of  iron  is  to  that  of  copper  as  5  :  1 ;  in  double  Admont  TTtriol,  aa  4  :  1 ;  in 
Bayreuth  vitriol,  as  7  :  1. 

Magnui<hcupric  sulphate,  CuMg(S0*)'.14HH),cij8tallisesby  spontaiieoiiseTmporatian, 
in  beautiful  sky-blue  tables  aud  prinns.     (VobL) 

Sodio-cupric  nUj^ate,  Cu'^a*(S0V.2HK)(?)— A  solution  of  bine  ritrii^  and 
Glauber  8  sialt  deposits  each  of  the  salts  separately ;  a  solution  of  bine  vitriol  and  add 
sodic  sulphate  also  yields  blue  vitriol  and  Glaubers  salt  separately  at  first,  bvt 
afterwaras  small  crystals  of  the  double  salt,  united  into  a  cmst,  and  apparently 
containing  2  at.  water.  The  double  salt  is  easily  dehydrated,  melts  at  a  commencing 
red  heat  without  losing  acid,  and  on  cooling  solidifies  to  a  bine  mass,  which  does  not 
decrepitate  like  the  potassic  double  salt.  The  sodio-cupric  salt  deliquesce*  slowly 
in  the  air,  and  is  resolved  by  water  into  the  two  simple  salts.  (Oraham,  FhiL  Mag. 
[3],  li.  352.) 

Ziuco-nipric  sulphate,  Cu''Zn''(SO<)*.28H-0,  improperly  called  Cyprian  vitriol,  is 
prepared  at  Chessy  near  Lyons,  from  zinciferous  copper-ores,  and  crystallises  in  bine 
rhombic  prisms.     (Lefort,  Compt.  rend.  xxvi.  ISd.) 

/3.  Cuprous  sulphate,  Cu'SO*  =  Cu*O.SO*,  is  (according  to  Berzelins)  the 
black  powder  which  remains  undissolved  when  copper  is  heated  with  strong  SEoIphnrie 
acid  ;  it  dissolves  in  nitric  acid,  with  evolution  of  nitric  oxide.  According  to  Mine, 
on  the  other  hand,  this  insoluble  residue  is  a  mixture  of  cuprous  and  eapnc  snlphide 
with  cnpric  oxide. 

Sulptaate  of  IMdyintiiin»  Di"SO*,  is  obtained  by  dissolving  the  oxide  or  car- 
bonate in  dilute  sulphuric  acid.  (For  the  methods  of  separating  it  firom  sulphate  of 
lanthanum,  see  Lanthanum,  iii.  468.)  The  solution  is  rose-ooloured,  and  yields,  by 
spontaneous  evaporation,  dark  rose-coloured  shining  crystals  having  the  form  of 
oblique  rliombo'idal  prisms  (Mosander),  and  cleaving  readily  and  distiiictly  in  a 
direction  parallel  to  the  base.  They  contain  3DiS0^8HK>  (Marignac),  and  an 
isoroorphous  with  the  similarly  constituted  hydrated  sulphates  of  cadmium  and 
yttrium  (Rammelsberg,  Pogg.  Ann.  cxv.  579).  At  200^,  they  g^Te  off  the  whole 
of  their  water,  leaving  an  anhydrous  powder,  which*  may  be  heated  to  redness  without 
further  alteration.  Sulphate  of  didymium  is  more  soluble  in  cold  than  in  hot  water. 
Its  solution  when  heated,  especially  to  the  boiling-point,  deposits  a  crystalline  precipi- 
tate, containing  DiS0*.2H'0.  The  anhydrous  sulphate  dissolves  in  water  move  readuy 
than  either  of  the  hydrates.  The  following  table  exhibits  the  quantities  of  anhydfous 
sulphate  in  100  pts.  of  water,  in  solutions  formed  by  dissolving  the  anfaydions  sulphate 
and  the  two  hydrates  in  water  at  different  temperatures  (Marignac) : 

Quratitj  of  anhjdroat  salt  to  100  pU.  water 
in  tolution  of 
Temperatiira  anhydrnui  aalt.  DiS0^2H«0.        3DiS0«jBIIS0. 

12®  C.  431 

14  39-3 

18  25-8  16-4 

19  11-7 

26  20-6 

38  13-0 

40 8-8 

60                            110 6.6 

100  1.7 

The  anhydrous  sulphate  exposed  to  the  heat  of  an  intense  charcoal-fire,  gires  off  two- 
thirds  of  its  acid,  and  leaves  a  tribasic  sulphate,  3DiO.SO*,  or  I>iSO*.2DiO.  (Marignac). 
The  same  salt  is  obtained  as  a  light-bluish  rose-coloured  hydrate,  3DiO.SC>*.8^0,  by 
precipitating  a  solution  of  the  neutral  sulphate  with  excess  of  ammonia.  (Hermann, 
Jahresb.  1861,  p.  197.) 

Sulphate  of  didymium  forms  double  salts  with  the  sulphates  of  the  alkali-metals. — ^The 

ammonium-salt,  Di*(NH*)*(S0*)*.8H*0,  dissolves  in  18  times  its  weight  of  water. — ^The 

potassium-salt,  lji'E*(S0*)^2H^0,  dissolves  in  63  pts.  of  cold  water. — The  sodtttm-saU, 

Di''»Na«(SO<)*,  is  anhydrous,  requires  200  pts.  of  water  to  dissolve  it,  and  is  still  less 
soluble  in  solution  of  sodic  sulphate.    (Marignac) 

Sulpliate  of  Srblum  has,  according  to  Marignac  (Jahresb.  1864,  p.  198),  the 
composition  SEb^SO'.SH'O,  and  is  isomorphous  with  sulphate  of  didymium, 

Sulpbatea  of  Olnoliiiim.— The  nniiral  salt,  G"S0<.4H*0,  or  tiS\SO«y.l2H«0 

(ii.  849),  is  obtained  by  dissolving  glucina  or  its  carbonate  in  a  sHgiit  ezoees  of 
cold  fiiilphuric  ncid,  and  crystflllise?,  by  spontaneous  evaporation,  in  laige  quadratic 
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powder,  coDtainicg  about  3  at.  water,  by  dissolring  the  basic  double  salt  of  potanie 
salphatc  and  sesqui basic  ferric  sulphate  (p.  597)  in  water,  and  heating  the  solution. 
(Soubeiran.) 

The  hexhasic  salt.  2Fe«0».S0»  =  Fe*(S0«)«.6Fe»0»,  ip,  (according  to  Berzelius)  the 
yellow  prttcipitate  which  gradually  forms  in  a  solution  of  ferrous  sulphate  exposed  to 
the  air,  according  to  the  equation  : 

lO(FeO.SO^)   +   O*     «     2Fe*0».S0«   +    3(Fe*0\3SC)») ; 

but  the  composition  of  the  precipitate  most  probably  varies  with  the  concentratiou  of 
the  solution. 

The  nonobasic  salt,  2(3Fe»0».SO«).9H*0  =  2[Fc«(SO*)».8Fe«0»1.27H^,  separates 
(according  to  S ch  e  er  c r)  as  a  brownish-yellow  deposit,  on  evaporating  an  oxidised  solu- 
tion of  ferrous  sulphate,  or  when  a  neutral  solution  of  ferric  sulphate  is  diluted  with  a 
largo  quantity  of  water  and  boiled  ;  also  (according  to  Berzelius,)  when  a  solution  of 
ferrous  sulphate  is  mixeti  with  chlorate  of  potassium. 

A  dodccabasic  salt,  4Fe=0».S0»  =  Fe*(SO*)M  1  Fe«0«.  is  formed  (according  to 
Anthon)  in  preparing  ferric  acetate  by  decomposing  acetate  of  barium  with  soluble 
basic  ferric  sulphate,  b^ing  precipitated  as  a  bulky  brown  powder,  together  with  the  last 
portions  of  baric  sulphate,  from  which  it  may  be  separated  by  levigation. — Another 
basic  salt,  containing  2(7Fe*0*.SO*).21  H*0,  is  found  (according  toScheerer)a8a  daik- 
brown  amorphous  mass,  in  the  alum-slate  of  Modum  in  Norway. 

Double  Salts. — Aluminio-ferric  sulphate  occurs  native  in  the  quicksilver  mines  of 
Idria,  in  yellowish- white  crystalline  masses,  containing  37*0  per  cent.  SO',  8*4  Fe'O*, 
11*5  AlH)',  43*0  water,  and  1*0  insoluble  residue;  which,  if  the  two  bases  are  regarded 
as  isomorphous,  may  bo  represented  by  the  formula  (Al*0*;Fe'0').8SO*.15H*0. 
(Fehling.) 

Ammonio-ferric    sulphate,     or     Ammonia-iron-alum,    Fe"*(NH*)(S0*)*.12H*0,    or 

rNIIM'O  SO*  [  '^^^'^^  ^^  produced  by  mixing  the  solutions  of  ammonie  and  ferric  sul- 
phate*), adding  a  little  free  sulphiLric  acid,  and  leaving  the  solution  to  evaporate.  It 
IS  more  stible  tlian  the  corresponding  potassium-salt,  and  crystallises  more  readily 
tbin  the  latter,  in  large,  colourless,  regular  octahedrons.  It  is  prepared  on  the  large 
scale,  for  use  in  dyeing,  being  always  employed  when  a  perfectly  neutral  ferric  salt  is 
required. 

A  basic  ammonio-ferric  sulphate,  of^'NHM-o'sO'l  I  •^^*^»  **  prepared  (according  to 

Ma  us)  in  the  same  manner  as  the  corresponding  potassium-salt,  which  it  resembles 
very  closely  in  form  and  other  properties.  Marignac,  however,  found  for  the  salt  thus 
prepared  the  composition  3Fo«0«.5(NH*)«0.12SOM8H*0.  Berzelius  mentions  another 
basic  ammonio-ferric  sulphate  (composition  not  e^pecified),  which  he  obtained  as  an 
ochry  precipitate  on  dissolving  iron  in  dilute  sulphuric  acid  mixed  with  a  little  nitric 
acid,  the  ammonia  being  produced  by  the  mutual  action  of  the  nitric  acid  and  the 
water. 

CupricO'ferric  sulphate,  Fe'Cu''(SO*)*.24H*0,  separates  from  a  mixture  of  the  com- 
ponent Halts  in  equivalent  proportions,  containing  a  slight  excess  of  sulphuric  acid,  (m 
evaporating  till  a  crystalline  film  Ix'gins  to  form,  in  bluish-green,  microscopic,  warty 
crystulliHHtions  (Bastick). — The  corresponding  ftia^nesium-salt  forms  a  warty  mass; 
the  corresponding  zinc-salt  crystallises  in  colourless  prisms.     (Bastick.) 

Poiassio-ftrric  sulphate,  or  Potash-iron-alum,  Fe"TC(S0*)«.12H«0,  or  ^®k*OS^[- 

24H^O,  separates  from  a  slightly  acid  mixture  of  the  component  salts,  by  spontaneous 
evaporation,  in  octahedral  crystals,  which  in  form  and  taste  are  undistinguumable  from 
common  alum.  They  are  sometimes  colourless,  but  often  have  an  amethyst  tint^ 
arising  (according  to  Heintz)  from  a  trace  of  ferric  acid.  The  salt  does  not,  however, 
crystallise  so  readily  as  ammonia-iron-alum.  To  obtain  large  crystals,  Heintx  (Ann. 
Ch.  Pharm.  xliv.  271)  triturates  10  pts.  of  crystallised  ferrous  sulphate  with  4  pts.  of 
saltpetre,  then  gradually  adds  4  pts.  of  strong  sulphuric  acid,  and  heats  gently  as  long 
OS  nitrous  vapours  continue  to  escape.  The  residue  is  thus  dissolved  in  3  or  4  pts.  of 
water  at  80°,  and  the  filtered  solution  is  left  to  crystallise  at  a  temperature  which  is 
very  slowly  lowered  to  0°. 

Potash-iron-alum  is  not  very  stable,  soon  becoming  covered  with  a  yellow  powder 
when  exposed  to  the  air  at  temperatures  above  0®.  Between  80°  and  100**  it  is  resolved 
into  a  basic  potassio-ferric  sulphate,  neutral  ferric  sulphate,  and  free  sulphuric  add : 

2[(Fe»0».3SO»).(K«O.SO»).24H*q]     «     [(Fe«0«.2SO«).2(K*OJ30«] 

+   (Fe«0».3S0')   +   H«O.SO»   +   47HK). 
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■ 

quantities  of  water  at  the  particular  temperatures  indicated  abore  each  qiiantity : — 
10^  14°  25°         32-60  46°  60®  84*>  90«       100°  C. 

1-64  143  0-87  0-66  0*44  0*38  0*37  0-27         0*30 

The  solution  has  a  slight  bluish-green  tint^  or  is  colourless  if  very  dilute.  When 
exposed  for  some  time  to  the  air,  it  deposits  a  yellowish  sediment  of  basic  ferric  sul- 
phate, which  is  used  in  porcelain-painting.  As  soon,  however,  as  a  certain  quantitr 
of  this  salt  is  deposiUKl,  the  oxidation  ceases,  and  the  solution  remains  almost  unaltered. 
The  partially  oxidised  solution  may  be  reconverted  into  pure  ferrous  sulphate  by  boiling 
with  metallic  iron. 

The  solution  of  ferrous  sulphate  absorbs  nitric  oxide  gas,  assuming  a  dark-brown 
colour,  which  affonls  a  very  characteristic  test  for  nitric  acid  (iv.  83  ).  The  brown 
solution  has  a  powerful  attraction  for  oxygen :  if  heated  in  close  Tessels,  it  gives  off 
the  gas  for  the  most  part  unchanged ;  but  when  it  is  heated  in  contact  with  air,  nitric 
acid  is  formed  in  the  liquid,  and  converts  the  ferrous  into  a  ferric  salt. 

Ferrous  sulphate  is  largely  used  in  dyeing  and  in  tanning,  and  for  the  manufacture 
of  ink  and  Prussian-blue.  It  is  also  very  useful  as  a  reducing  agent  in  chlorimetiy 
and  other  operations  of  analytical  chemistry. 

Ferrous  sulphate  forms,  with  the  sulphates  of  potassium  and  ammonium,  double  salts 
containing  6  at.  water  isomorphous  with  the  corresponding  salts  formed  by  the  sul- 
phates of  zinc,  copper,  manganese,  &c.  The  formula  of  the  potassium-salt  is 
Fe"K*(S0*)*.6H«0.  The  solution  of  this  salt  evaporated  at  50*»,  yields  a  crystalline 
crust  containing  Fe'Ti:*(S0*)^2H«0.    (Marignac.) 

Ferrico'ferrous  (or  Ferroao-ferric) 8ulphate,Ve*fe\SO*y.  or  (Fe''0.S0*).(Fe«O«.3S0»), 
is  produced  when  a  solution  of  ferrous  sulphate  is  exposed  to  the  air,  till  no  more  bade 
ferric  sulphate  is  deposited.  The  solution,  which  is  yellowish-red,  does  not  crystallise, 
but  yields  black  oxide  of  iron  when  precipitated  by  an  alkali  (Be  rsel  i  us).  A  hi  ch 
obtained  a  crystalline  ferroso-ferric  sulphate,  containing  (3Fe0.S0«).2(Fe'O».3SO*)4HH), 

or  Fe'Fe*(S0*/.4lP0,  by  heating  a  moderately  strong  solution  of  16  pts.  pur©  ciystal- 
lised  ferrous  sulphate  to  the  boUing-point  with  an  equal  weight  of  strong  sulphurie 
acid,  then  adding  1  pt.  of  strong  nitric  acid,  and  a  concentrated  solution  of  6  or  6  pts. 
alum.  This  solution,  evaporated  at  a  temperature  below  70°,  deposits  a  dariL-brown 
crystalline  powder,  the  solution  of  which,  in  water  acidulated  with  sulphuric  add, 
yields  the  salt  on  evaporation,  in  nearly  black  shining  ciystals,  which  are  combinations 
of  the  cube  and  regular  octahedron.  According  to  &irreswil,  a  salt  having  the  same 
composition  as  Abich*s,  but  of  a  dark-blue  colour,  is  formed  by  mixing  the  solutions  of 
3  at  ferrous  and  2  at.  ferric  sulphate,  and  slowly  dropping  sulphuric  acid  into  the 
liquid  as  long  as  any  blue  precipitate  is  produced  (Handw.  d.  Chem.  vii.  532). — A  basic 
ferroso'/crric  stdphaie,  containing  (3Fe0.2SO»).3(Fe«0*.2SO»}.36H*0,  is  found  in  the 
copper-mines  of  Fahlun,  in  large  red  stalactites  composed  of  small  transparent  ciys- 
tals.    (Berzelius.) 

MagnedO'ferroiis  mlphate,  Fe'Tyig''(SO*)»14H20,  crystallises  fiom  a  solution  of 
the  component  salts,  by  spontaneous  evaporation,  in  large  sea-green  crystals.     (Vohl.) 

Sodio-ferrous  sulphate^  Fe'^a*(S0*)*.4H^0,  obtained  by  evaporation  at  65°,  is  per- 
manent in  the  air,  and  does  not  decompose  at  100°;  but  on  redissolving  it,  and 
leaving  the  solution  to  evaporate,  the  sodic  and  ferrous  salts  crystallise  out  separately. 

Thallio-ferrous  sulphate,  Fe''Tl*(S0*)'.6H*0,  has  a  pale-green  colour,  and  is  isomor- 
phous with  the  corresponding  potassium-salt.    (Wert her.) 

Zinco-ammonio-fcrrous  sulphate^  Fe''Zn''(NH*)\S0*)*.12H'0,  and  the  corresponding 
potassium-salt,  crystallise  readily  in  lai^e,  greenish,  oblique  rhombic  prisms  and  tables, 
which  turn  yellow  in  the  air,  from  absorption  of  oxygen. 

Bulpliate  of  Ibanttianiiin,  La"SO^,  is  prepared  as  described  under  Lanthaxtx 
(iii.  468),  and  separates  by  spontaneous  evaporation  in  small  prismatic  crystals  con- 
taining La'SO^SH'O.  It  gives  off  its  water  at  a  low  red  heat,  and  half  its  acid  at  a 
full  red  heat.    It  is  much  less  soluble  in  hot  than  in  cold  water.  —Amnumifh-knUkanie 

sulphate,  La»(NIP)«(S0*)*.8H«0,  is  obtained,  by  spontaneous  evaporation  of  a  dilute 
solution  of  Lmthauum-sulphato  mixed  with  a  slight  excess  of  ammonium-sulphate,  in 
colourless,  sparingly  soluble,  monoclinic  crystals.     (Marignac.) 

Potassio-lanthanic  sulphate,  LaTK*(SO*^',  is  formed  as  a  white  precipitate  on  mixing 
the  solution  of  a  lanthanum-salt  with  sulphate  of  potassium.  (Hermann,  Jahresb. 
1861,  p.  194.) 

Bnlpbate  of  Aead,   Pb'SO*  «  Pb^CSO*.— This  compound  ooenrs  native  as 

Anglesite,  in  large  and  beautifid  crystals,  at  Pary*s  mine  in  Anglesea,  Leadfaills  in 
Scotland,  Wanlockhead  in  Derbyshire,  and  at  Clausthal,  Zellerfield,  and  Giepenbach  in 
the  Uarz ;  also  in  Prussia,  in  the  Black  Forest,  at  Badenweiler  in  the  Bieisgaa,  in  the 
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The  rednction  of  the  sulphate  by  carbonic  oxide  is  much  more  difficulty  and  requires  s 
much  higher  temperature  ;  in  consequence  of  which  a  portion  of  the  salphide  of  lead 
formed  at  first,  as  represented  by  the  equation 

2PbS0«   +   6C0  -=  Pb   +   PbS   +   S0«   +   6C0«, 

acts  upon  the  undecomposed  sulphate  as  above,  and  thus  complicatea  the  reaction. 
(Rod well,  Chem.  See.  Qu.  J.  xvi.  42.) 

Iroji  and  zinc,  in  contact  with  water,  reduce  sulphate  of  lead  to  a  spongy  mass 
of  metallic  lead.  When  triturated  with  a  solution  of  potassic  chromate,  it  yields 
chrome-yellow.     Like  all  other  lead-salts,  it  is  blackenpd  by  tiUphydric  acid. 

Sulphate  of  load,  as  commonly  prepared,  is  not  adapted  for  painting,  on  accoont  of 
its  crystalline  character  and  transparency ;  but  by  mixing  litnarge  to  a  paate,  with 
water  containing  a  small  quantity  of  acetate  of  lead,  and  gradual^  adding  sulphurie 
acid,  tlie  sulphate  may  be  obtained  in  the  amorphous  state,  and  mixed  with  a  large 
excess  of  oxide  of  lead.  In  this  state  it  has  considerable  body,  and  may  be  used 
instead  of  ordinary  white  lead.     (Richardson.) 

A  basic  sulphate  of  lead,  2PbO.SO«  -  PbSO«.PbO,  is  obtained  (according  to  Kfihn) 
by  digesting  the  recently  precipitated  normal  sulphate  with  aqueous  ammonia. 

Ammonio-plumbic  sulphate,  Pb"(NH*)*(SO*)",  is  produced  by  precipitating  a  mode- 
rately concentrated  solution  of  plumbic  acetate  with  excess  of  sulphnric  acid,  neutralis- 
ing the  liquid  with  ammonia,  and  heating  it  to  the  boiling-point.  If  a  sufficient 
quantity  of  ammoniacal  salt  is  present,  the  precipitate  dissolyes  completely,  and  the 
solution  on  cooling  deposits  the  double  salt,  in  slender,  shining,  transparent  cnrstals. 
If  no  crystals  separate,  the  liquid  must  be  again  heated  till  a  precipitate  begins  to 
form ;  the  liquid  will  then  deposit  crjrstals  on  cooling.  Water  decomposes  the  double 
salts,  extracting  39*4  per  cent,  ammonium-sulphate,  and  leaving  60*6  per  cent,  plumbic 
sulphate.  The  crystals  when  heated  yield  a  sublimate  of  ammonium-sulphite. 
(Wohler.) 

A  compound  of  stdphatr.  and  chloride  of  lead  was  obtained  by  Becqnerel  (Ann. 
Ch.  Pharm.  Ixxxiv.  199),  in  needle-shaped  crystals,  together  with  other  products,  by 
the  action  of  galena  on  a  solution  of  cupric  sulphate  and  sodic  chloride,  continued  for 
seven  years. 

Bolpbate  of  ^Ithlfim,  Li^SO'.H'O. — This  salt  may  be  prepared  by  decomposing 

the  carbonate  or  chloride  with  sulphuric  acid, — or,  better  (according  to  Fuchs),  from 
triphyllin.  8  pts.  of  this  mineral,  finely  pounded,  are  stirred  up  with  6  pts.  of  water ; 
3^  pts.  of  nitnc  acid  (of  specific  gravity  1*20)  and  1^  pts.  of  strong  snlpnuric  acid  are 
then  added  ;  tlie  whole  is  evaporated  to  dryness ;  the  dry  mass  exhausted  with  water; 
the  solution  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  then  with 
oxalate  of  ammonium ;  the  filtrate  evaporated  to  dryness ;  and  the  residue  ignited. 
The  aqueous  solution  of  the  residue  yields  the  salt  in  crystals.  Sulphate  of  Uthium 
crystallises  in  fiat  prisms  or  tables  containing  1  at.  water.  It  melts  easily,  and  dis- 
solves in  water  and  in  alcohoL  Respecting  the  expansion  of  the  aqueous  solution  by 
heat,  see  Kremers  (Jahresb.  xiv.  61). 

Potassio-lithic  stdphate,  Li'K^(SO^)',  forms  crystals  belonging  to  the  hexagonal 
system  (Schabus). — Sodio-lUhic  sulphate  crystallises,  (accordmg  to  Mitscherlich) 
in  acute  rhombohedrons. 

Sulpliate  of  BtaflrnMlmm  Mg''S0^7H'0.  Bitter  Salt,  Epsom,  SeidUtir,  or  Said- 
achutz  Salt.  EpsomUe.  Sal  amarum,  s.  anglicum,  s.  eatharticum. — ^This  salt  isTCiy  widely 
diffused  in  nature,  occurring  sometimes  in  the  solid  state,  but  much  more  abundantly 
in  solution  in  sea-water  and  saline  springs.  It  occurs  as  Epsomite,  or  HairsaU,  in 
silky  fibres  and  fibrous  crusts,  at  Idria  in  Camiola,  at  the  gypsum  quarries  of  Monft- 
martre  near  Paris,  in  Fitou,  Dept.  of  the  Aude  (France),  in  Arragon  and  Catalonia,  in 
the  Cordillera  of  St.  Juan  in  Chile,  and  in  a  grotto  in  South  Afiica,  where  it  forms  a 
layer  1 J  inch  thick.  The  fioors  of  the  limestone  caves  in  Kentud^,  Tennessee,  and 
Indiana  are  in  many  instances  covered  with  minute  crystals  of  epsomite  mingled  with 
the  earth.  In  the  Mammoth  Cave,  Kentucky,  it  adheres  to  the  roof  in  loose  masses, 
like  snowballs.  It  is  said  to  occur  also  in  California  and  at  Marmora  in  Canada  West. 
(Dana.) 

A  monohydrated  sulphate  of  magnesium,  called  Kieserite,  occurs,  mixed  with  the 
anhydrous  sulphite,  in  the  salt-beds  of  Stassfurth,  forming  granular  lumps. 

Sulphate  of  magnesium  constitutes  the  purgative  principle  of  bitter-wators,  as  those 
of  Epsom  in  Surrey,  and  of  Seidlitz,  Saidichiitz,  and  Piillna  in  Bohemia.  It  is  often 
produced  by  the  mutual  action  of  magnesic  carbonate  and  gypsum,  as  when  a  solution 
of  gypsum  remains  for  a  long  time  in  contact  with  a  magnesian  limestone.  At  Said- 
schiitz,  Seidlitz,  and  Piillna  it  ia  obtained  by  digging  pits  in  the  marl ;  in  these  the 
bitter- water  gradually  collects,  in  consequence  of  the  reaction  just  mentioned,  and  on 
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forming  a  liquid  of  specific  gravity  1*2932  (Aathon).  The  following  table  ezhibiU 
the  quantities  of  magnosic  sulphate  contained  in  solutions  of  different  specific  graTitiea, 
as  determined  by  Schiff  (Ann.  Ch.  Pharm.  cviii.  336) : 


1 
Specific  Rrarity 

Per  cent,  of 

Per  cent,  of 

Specific  gravity 

Per  cent,  of 

Per  cent,  of 

at  2i°. 

MgS04.7«q. 

MgSO^ 

at23<». 

MgS04.7aq 

MgSU^ 

1-0048 

1 

0-488 

11426 

28 

13*660 

0096 

2 

0-976 

1-1481 

29 

14148 

0144 

3 

1-463 

11636 

30 

14-634 

■0193 

4 

1-961 

11692 

31 

15122 

0242 

6 

2-439 

1*1648 

32 

15-610 

0290 

6 

2-928 

1-1704 

33 

16-098 

0339 

7 

3-416 

1-1760 

34 

16586 

■0387 

8 

3-904 

11817 

36 

17*074 

■0437 

9 

4-392 

1-1876 

36 

17-562 

■0487 

10 

4-878 

1*1933 

37 

18-050 

■0637 

11 

6-366 

11991 

38 

18-538 

■0587 

12 

6-864 

1*2049 

39 

19026 

■0637 

13 

6-342 

1-2108 

40 

19-512 

•0688 

14 

6-830 

1-2168 

41 

20000 

■0739 

16 

7-318 

1*2228 

42 

20-488 

■0790 

16 

7-806 

1-2288 

43 

20*976 

•0842 

17 

8-294 

1*2349 

44 

21-464 

•0894 

18 

8-782 

1-2410 

45 

21  -952 

■0946 

19 

9-270 

1*2472 

46 

22-440 

0997 

20 

9-766 

1*2634 

47 

22-928 

1060 

21 

10-244 

1-2696 

48 

23-416 

1103 

22 

10-732 

1-2669 

49 

23*904 

1166 

23 

11-220 

1*2722 

60 

24-390 

1209 

24 

11*708 

1*2786 

61 

24-878 

1262 

26 

12196 

1*2860 

62 

25-366 

1316 

26 

12-684 

1-2916 

63 

25-854 

1-1371 

27 

13-172 

1*2980 

64 

26-341 

Sulphate  of  magnesium  is  insoluble  in  absolute  alcohol,  moderately  solable  in 
hydrated  alcohol.    According  to  Schiff  (Ann.  Ch.  Pharm.  czviii.  365) : 

A  solution  (Mturatedat  IS^) 

in  alcoliol  of :  Contain!  per  cent,  of 

Specific  GraTlty                           Per  cent,  by  weiglit.  MgScHaq. 

1-000          ....  0  .          .          .  .  50-8 

0*986         ....  10  ...  .  39-3 

0*972         ....  20  ...  .  21-3 

0-939         .         .         .         .  40  .         .         ,  .  1*62 

(See,  farther,  Storer's  Dictionary  of  Solubilities^  vol.  iii.  ^p.  609 — 612.) 

Sulphate  of  magnesium  may  be  used,  in  localities  where  it  occurs  natiire,  as  a  substi- 
tute for  sulphuric  acid  in  the  decomposition  of  common  salt.  When  2  pts.  of  the 
ordinary  crystallised  sulphate  are  heated  with  1  pt.  of  common  salt,  hydrochloric  acid 
is  evolved,  and  a  residue  is  obtained,  consisting  chiefly  of  sulphate  of  magnesium  and 
sulphate  of  sodium  (Ramon  de  Luna).  Respecting  Clemm's  process  for  preparing 
sulphuric  acid  from  kieserite,  (MgSO*.H*0),  or  from  common  sulphate  of  magnesium, 
and  for  decomposing  common  salt  and  chloride  of  potassium  with  kieserite,  see  Kichaid- 
son  and  Watts's  Chemical  Technology,  vol.  i.  pt  v.  p.  266.  A  mixture  of  common  salt^ 
peroxide  of  magnesia,  and  sulphate  of  magnesium  may  be  used  for  the  preparation  of 
chlorine.     (D  e  Lu n a.j 

An  acid  sulphate  of  magnesium,  Mg''H*(SO*)*,  is  produced  by  dissolving  the  anhy- 
drous neutral  sulphate  in  hot  concentrated  sulphuric  acid.  The  perfectly  saturated 
syrupy  solution  deposits  the  acid  salt  on  standing,  in  shining  six-sided  tables,  which, 
however,  rapidly  absorb  water  and  are  thereby  decomposed.  (Schi  f f,  Ann.  Ch.  Pharm. 
cvi.  1)6.) 

Double  Salts. — Sulphate  of  magnesium  unites  with  the  sulphates  of  ammonium, 
potassium,  and  thallium,  forming  double  salts,  which  contain  6  at.  water,  and,  as 
already  observed,  may  be  regarded  as  formed  from  the  heptahydrated  sulphate  by  the 
substitution  of  1  at.  K*SO*,  &c.  for  1  at  H*0.  They  crystallise  in  monoclinic  pnsms, 
isomorphous  with  the  corresponding  ferrous  salts,  &c  (pp.  693,  698).  The  sevexm  salts 
of  this  isomorphous  group  do  not  exhibit  exactly  the  same  angles,  but  the  diiierenceB 
are  but  small.    As  an  average,  the  ratio  of  the  axes,  a:  b  :  e  ^  1'4:  I  :  0*67.    Ang^e 
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manganic  peroxide  in  a  gas  retort  with  about  one-tenth  of  its  weight  of  pouudtf^  coal, 
and  disBolving  the  manganous  oxide  thus  obtained  in  sulphuric  acid,  adding  a  little 
hydrochloric  acid  at  the  last,  to  reduce  any  remaining  portion  of  the  higher  oxides  of 
manganese. 

Manganous  sulphate  cr}'stallise8,  though  with  some  difficulty,  from  a  solution 
evaporated  and  left  to  itself,  the  proportion  of  water  contained  in  the  ciystals  varying 
with  the  temperature  at  which  they  are  deposited.  Below  f  6°,  ciystals  are  formed 
containing  7  at.  wat4>r,  and  isomorphous  with  ordinary  ferrous  sulphate ;  but  those 
deposited  between  7°  and  20°  contain  5  at.  water,  ami  are  isomorphous  with  cupric 
sulphate.  The  hoptahydrated  salt  mells  at  18°,  and  the  liquid,  if  further  eraporated, 
deposits  a  salt  containing  2H'0.  The  hcptahydrate  effloresces  in  dry  air  at  10'  to  12°, 
and  is  converted  into  the  hexhydrate  MnJS0*.6H*0,  which  at  18°  gives  off  2  at.  more 
of  water,  leaving  the  tetrahyc^te.  The  heptahydrated  salt  covered  with  absolute 
alcohol,  and  exposed  for  some  days  to  a  temperature  of  10°,  is  converted  into  a  powder 
containing  6  at.  water,  but  at  20°  into  a  powder  containing  only  4  at.  water 
(Brandes).  Between  20°  and  30^  a  solution  of  manganous  sulphate  yields  the  tetn- 
hydrato  MnS0^4H^0,  in  monoclinic  prisms,  isomorphous  with  tetrahydrated  ferrtras 
sulphate,  and  exhibiting  the  combination,  ooP  .  a>P2  .  [  ooPoo  ],  with  oP  and  [Poo  ]  at 
the  ends.  Axes,  a:  6:  c:  =  1157:  1  :  0-6783.  Angle  6:  c  +  89°  7';  ooP :  oeP 
(orthod.)  -  81°  40';  ooP2  :  odP2  (orthod.)  -  46°  44';  [Poo]  :  [Poo]  (basal)  - 
119°  10';  oP  :  ooP  «  89°  20'.— These  crystals  give  off  3  at.  water  at  115°,  bntretain 
the  last  at  200°.  According  to  KUhn,  a  strongly  acid  and  conc(>ntrated  solution  of 
manganous  sulphate  yields,  by  evaporation,  a  granular  salt  containing  1  at.  water.  Of 
all  these  hydrates,  that  conUiming  4  at.  water  is  of  most  frequent  occurrence.  The 
crystals  of  manganous  sulphate  are  colourless,  or  have  a  iaint  amethyst-red  tint,  due 
probably  to  a  trace  of  manganic  salt.  The  anhydrous  salt  dissolves,  according  to 
Brandes,  in  2  pts.  water  at  15^,  and  in  1  pt.  at  50° ;  at  higher  temperatures  it  is  more 
soluble. 

It  is  insoluble  in  absolute  alcohol,  moderately  soluble  in  weak  spirit. 

Ammonio-manganous  sulphate,  Mn''(NH*)^S0*)*.6H'0,  prepared  by  mixing  the 
solutions  of  the  component  salts,  and  evaporating,  forms  deliquescent  monc^linic 
crystals,  isomorphous  with  tlie  corresix)ndi  ng  magnesium -salt.     (M  itscherlich.) 

Potassw-mangafwus  sulphate,  Mn  K*(S0*)*.6H-0,  is  obtained  (according  to  Mit- 
scherlich,)  in  like  manner,  and  crystallises  in  similarform.  Marignac,  on  theother 
hand  (Ann.  Min.  [51  ix.  1 ;  Jahresb.  1856,  p.  381),  by  mixing  equivalent  quantities 
of  manganous  sulphate  and  potassic  sulphate,  and  evaporating  the  solution  in  a 
vacuum  at  10°  to  12°,  or  by  cooling  a  solution  saturated  at  ordinaiy  temperatures  to 
0°,  never  obtained  the  hexhydrated  salt,  but  always  the  tetrahydrate,  Mn"K'(SO*)*.4HK), 
in  monoclinic  crystals, — a  result  confirmed  by  v.  Hauer  (J.  pr  Chem.  Ixxiv.  431; 
Jahresb.  1858,  p.  170).  The  tetrahydrated  salt  was  also  previously  obtained  by 
Pierre  (Ann.  Ch.  Phys.  [3],  xvi.  239).  The  same  solution,  left  for  some  time  at 
40°  to  50°,  yields  pale-red  triclinic  crystals  of  the  dihydrate  Mn  K«(SO*)*.2HK). 
(Marignac.) 

Sodio-mangawms  sulphate,  Mn"Na'SO\  crystallises  by  spontaneous  evaporation  in 
monoclinic  crystals,  containing  4H*0 ;  and  at  40°  to  50^,  m  triclinic  crystals  with 
2  at.  water.  (Marignac,  loc.  cit.)  The  dihydrated  salt  was  previously  obtained  in  a 
similar  manner  by  Ar rot t  (Ann.  Ch.  Pharm.  lii.  243).  It  is  not  e£EU>rescent,  and 
bears  a  temperature  of  100°  without  decomposition. 

Ammonuhferroso-vtanganous  sulphate,  Mu'Te*(NH*)*(S0*)*.12HH),  and  the  corre- 
sponding potassium-salt,  also  the  corresponding  zinco-manganous  salts,  crystallise  in 
monoclinic  prisms  and  tables ;  the  sine-salts  are  colourless  ;  the  ferrous  salts  haye  a 
tinge  of  green,  and  oxidise  on  exposure  to  the  air.    (Y  ohl.) 

Bolpliates  of  Meronry. — a.  Mercuric  Salts. — The  neutral  salt,  Hg"SO*  or 
Hg'O.SO*,  is  prepared  by  boiling  4  pts.  of  mercury  with  6  pts.  of  strong  sulphuric 
ae:d,  till  sulphurous  oxide  is  no  longer  evolved,  and  the  whole  is  converted  mto  a 
dry  saline  mass ;  or  by  dissolving  2  pts.  of  finelv  pulverised  mercuric  oxide  in  1  pt. 
sulphuric  acid  diluted  with  4  to  6  pts.  water,  and  evaporating  with  constant  stirring. 
Eissfeldt  obtained  it,  in  crystals  containing  1  at.  water,  by  heating  mercury  with 
sulphuric  acid,  as  above,  till  the  mass  no  longer  became  moist  on  exposure  to  the  air ; 
then  spreading  it  out  in  a  thin  layer,  and  just  covering  it  with  water;  the  bydrated 
salt  then  separat*^!,  in  the  course  of  an  hour,  in  colourless  quadratic  prisms,  several 
lines  long.     The  1  at.  water  is  given  off  at  100°. 

Mercuric  sulphate  has  a  sharp,  saline,  disgusting  metallic  taste.  It  bears  an 
incipient  red  heat  without  alteration,  but  melts  at  a  higher  temperature  to  &  brown 
liquid,  and  volatilises  completely  to  a  white  crystalKne  subbmate — a  small  portion, 
however,  suffering  decomposition.  When  heated  in  hydrodiloric  acid  gas,  it  is  con- 
verted into  mercuric  chloride,  and  is  decomposed  in  like  manner  by  dry  hydziodtc 
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barinro  with  excess  of  sulphuric  acid,  aud  evaporating  the  filtered  solution  in  the  exne- 
cator.  It  deliquesces  on  exposure  to  the  air.  On  boiling  the  solution  with  excess  of 
molybdic  trioxido,  the  liquid  becomes  turbid,  gelatinises  on  cooling,  and  d**poeitB  a 
light-yellow  flocculent  body,  probably  a  basic  salt,  somewhat  soluble  in  water,  but 
insoluble  in  alcohol. 

SolpHate  of  Hiokel,  Ki"SO«  -  Ni'O.SO',  is  obtained  by  dissolving  metallic 
nickel  in  dilute  sulphuric  acid  mixed  with  a  little  nitric  acid,  or  by  dissolving  the 
hydrate  or  carbonate  of  nickel  in  dilute  sulphuric  acid.  The  solution,  concentrated  by 
evaporation,  yields  crystals  containing  6  or  7  at.  water,  according  to  the  temperature 
at  which  they  separate.  Below  16°,  the  salt  NiS0*.7H*0  separates  in  emerald-grec^ 
crystals,  isomorphous  with  sulphate  of  magnesium;  but  between  16°  and  20°,  emerald- 
green,  quadratic  octahedral  crj'stals  are  deposited,  containing  Ni'SO^.OHK),  exhibiting 
the  combiuHtions  P  .  oP  {Jia.  228,  ii.  136) ;  P  .  JP  .  oP  {Jig.  229)  ;  P  .  JP  .  oP  .  Pao  {fg, 
230) ;  P  .  p  .  JP  .  oP ;  also  P  .  JP  .  ^P  .  oP  .  Poo  .  ooPoo  {fig.  231),  and  ooPoo  .  Poo 
.  oP  .  P  .  |P.  Length  of  principal  axis  »  1*888.  Angle  P  :  P  in  the  terminal  edges 
=  97°  4';  in  the  lateral  edges  =  138°  b(^ \  JP  :  JP  (terminal)  =  111°  4'  (lateral)- 
106°  20'.  Cleavage  very  distinct  parallel  to  oP,  less  distinct  parallel  to  ooPoo  .  The 
former  crystals,  when  exposed  for  some  days  to  a  gentle  heat,  are  converted  into 
aggregates  of  the  latter,  losing  their  transparency  at  the  same  time ;  sometimes  also, 
when  broken,  they  exhibit  in  their  interior  aggregates  of  the  quadratic  crystals  (Mit- 
scherlich).  The  hexhydrated  salt  is  moreover  dimorphous,  a  solntion  ke^/tata 
temperature  of  60°  to  70°,  depositing  monoclinic  crystals  with  6  at.  water,  and  isomor- 
phous with  the  6-hydrated  cr^'stals  of  magnesic  sulphate  (p.  601),  cobaltous  sulphate, 
and  ziuc-sulphate.  These  crystals  gradually  become  opaque  and  bluish  at  oidinaiy 
temperatures.     (Marienac.) 

Sulphatt^  of  nickel  dissolves  in  3  pts.  of  water  at  10°,  but  is  insoluble  in  alcohol 
and  in  ether.  The  crystals  effloresce  in  dry  air,  and  crumble  to  a  white  powder.  When 
heated,  they  give  ofif  their  water,  the  last  atom  being,  however,  retained  more  strongly 
than  the  rest.  The  anhydrous  salt  is  yellow,  and  gives  off  part  of  its  acid  at  a  red 
heat. 

A  fxtsic  nickel-sidphate  is  obtained,  as  a  light-green  insoluble  powder,  by  imperfeet 
precipitation  of  the  neutral  salt  with  potash ;  also  (according  to  Tupputi)  by  gently 
neating  the  neutral  salt. 

Ammoniacal  Sulphates  of  Nickel. — Anhydrous  sulphate  of  nickel  absorbs  ammonia- 
gas  with  rise  of  temperature,  forming  the  pale-violet  compound,  NiS0*.6NH*  (H.  Rose). 
A  warm  saturated  solution  of  nickel-sulphato  in  aqueous  ammonia,  left  to  cool  and 
evaporate  in  a  vacuum,  deposits  (according  to  Erdniann.)  light-blue  prismatiecrjstals 
belonging  to  the  trimetric  system,  and  containing  NiS0^4NU*.2H^.  This  compound 
is  very  soluble  in  water,  and  is  precipitated  from  the  solution  by  alcohoL  The  solu- 
tion is  decomposed  by  boiling. 

Sulphate  of  Nickel  and  Potassium,  Ni"KXS0«)*.6H>0,  is  a  light-green  salt  forming 
erystiQs,  isomorphous  with  the  corresponding  ferrous  and  magnesic  salts,  and  exhibiting 
the  combination  ooP  .  [»P2J  .  f  ooPoo].  oP.  [Poo]  .  +P.  +2Poo  (Jig.  296,  ii.  164), 
also  without  [  ooP2]  and  [  aoPoo  J  (fig.  297).  It  dissolves  in  9  pts.  of  water.  The  eor- 
responding  ammonium-salt,  Ni"(NH')'(S0*)'.6H*0,  dissolves  in  Ij^pt.  water. 

Sulphate  of  Nickel  and  Zinc,'Si''ZDr  {80*Y.6K*0/ib  formed  (accordingtoMitscher- 
lich)  by  digesting  sulphate  of  nickel  with  metallic  zinc,  and  separates  on  evaporation  ; 
in  light-green  efflorescent  crystals,  having  the  form  of  the  6-hy(uated  sulphate  of  nickel 
(which  form  ?). 

The  salt  Ni'Te"K\S0*)M2H'0,  and  the  corresponding  salts  containing  magnesium, 
manganese,  or  zinc  in  place  of  iron,  and  ammonium  in  place  of  potassium,  crystallise 
in  emerald-green  prisms  and  tables,  isomorphous  with  the  salts  of  like  composition 
already  described.     (Vohl.) 

SolpHatea  of  Ommium.—08mio  sulphate,  Os>^(SO«)>  --  080^280*,  is  produced 
by  dissolving  sulphide  of  osmium  in  excess  of  nitric  add,  and  remains  after  the 
excess  of  nitric  acid  and  the  oemic  tetroxide  simultaneously  fonned  have  been  removed 
by  distillation,  as  a  dark  yellowish-brown  syrup,  showing  no  tendency  to  ciyBtallise. 
Tbie  yellow  aqueous  solution  has  an  astringent  taste,  r(Sdens  litmus  strongly,  and 
is  not  precipitated  by  alkalis. —  Osmious  sulphate,  08''SO^  obtained  by  treating  sulphide 
of  osmium  with  an  insufficient  quantity  of  nitric  acid,  or  by  dissolving  osmious  hydrate 
in  dilute  sulphuric  acid,  is  a  yellowish-brown  amorphous  mass. 

Bulpluttea  of  PaUadlmn. — The  neutral  sulphate,  Pd^SO*,  is  obtained,  according 
to  Kane,  by  dissolving  palladium  in  sulphuric  acid  mixed  with  a  little  nitric  add.  The 
solution,  evaporated  to  a  syrup,  deposits  the  salt  on  cooling,  in  brown  irregular  crystals 
containing  2  at.  water.  It  hsA  a  sour  and  metallic  taste,  deliquesces  in  moist  air,  and 
is  decomposed  by  a  large  quantity  of  water. — A  basic  salt,  Pd'*SO*.7Pd*0.6H*0,  is 
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Specific  grjivHy  of  aqueoui  solution  Quantity  of  K^SO^  QuAOtitj  of  K*80« 

at  19  5°  (specific  graTlty  of  water  in  100  ptt.  of  tolu-  in  100  pU.  of  water. 

ai  l«J-5°  =  I ).  tion. 

10193  2-401  2-46 

10385  4*744  4*98 

10568  6-968  7*49 

10763  9-264  10-21 

1-0909  10-945  12-29 

A  saturated  solution  boiln  at  103°.    (Kremers.) 

Sulphate  of  potassium  is  insoluble  in  potash-ley  of  specific  gravity  1*35  (Liebig), 
but  more  soluble  in  the  aqueous  solutions  of  other  saltB  (as  the  gulphatee  of  sodium, 
magnesium,  and  copper)  than  in  pure  water  (Pfaff,  Ann.  Ch.  Pharm.  xdx.  227).  It 
is  insoluble  in  absolute  alcohol,  but  soluble  in  dilate  spirit.  According  to  Schiff 
(Ann.  Ch.  Pharm.  cxviii.  365): 

A  solution  (saturated  at  lb°)  in  Contains  per  cent. 

spirit  of:  o(  K'SO*. 

Specific  gravity.      Per  cent,  by  weight. 

1000  0  10-4 

0-986  10  3-9 

0-972  20  1-46 

0-958  30  0-55 

0-939  40  0-21 

Most  of  the  stronger  acids  abstract  half  the  potash  from  neutral  sulphate  of  potas- 
sium, and  convert  it  into  the  acid  sulphate. 

With  nitric  and  with  phosphoric  acid,  however,  it  forms  definite  compounds.  A 
solution  of  the  salt  in  nitric  aicidy  first  deposits  crystals  of  acid  sulphate  and  nitrate  of 
potassium,  and  afterwards  the  compound  K*SO^.HNO',  in  oblique  four-eided  prisms, 
which  have  a  specific  gi*avity  of  2*381,  melt  at  150°,  and  are  decomposed  by  water  and 
by  alcohol.  The  compound  K*SO*.H'PO*  crystallises,  on  cooling,  from  a  eolation  of 
neutral  potassic  sulphate  in  ordinary  phosphoric  acidf  in  six-sided  prisms,  which  hare 
a  specific  gravity  of  2-296,  and  melt  at  240°.  Both  compounds  are  decomposed  by 
water  and  by  alcohol.    (Jacquelain,  Ann.  Ch.  Phys.  [2],  Ixx.  311.) 

fi.  Acid  Sulphates. — Hydro-monopotassic  sulphate, KHSO*  or  K'SO*.H*S0*, com- 
monly called  Bisulphate  of  potash,  occurs  native  as  Misenite,  in  white  silky  fibres,  in 
the  hot  tu&  cavern  of  Miseno  near  Naples.  It  may  be  produced  by  melting  13  pts.  of 
the  neutral  sulphate  with  8  pts.  of  strong  sulphuric  acicC  and  is  obtained  as  residue  in 
the  preparation  of  nitric  acid  by  distilling  1  at.  nitrate  of  potassium  with  1  at.  sul- 
phuric acid  (iv.  78).  It  dissolves  in  about  half  its  weight  of  boiling  water,  and  crystal- 
lises from  a  concentrated  solution  on  cooling,  in  rhombic  octahedrons  and  combinations 
thereof,  often  very  much  like  those  of  native  sulphur.  Axes  a  :  b  :  c  ■»  0*8611  :  1  : 
1*9347.  Angle  P  :  P  (brach.)  =  103^  36' ;  P  :  P  (macr.)  -  88<»  12' ;  P  :  P  (basal) 
«  142^44';  Poo  :  Poo  (basal)  =  1320;  ^Px  :  jPoo  »  96<»  38'.  The  crystals 
often  exhibt  the  simple  form  P  (likefy.  260,  ii.  144) ;  often  also  oP  .  P,  tabular  from 
predominance  of  oP,  and  with  the  above-mentioned  brachvdiagonal  domes  subordinate. 
They  have  a  specific  gravity  of  2-163,  melt  at  197°  ;  and  the  fused  salt  solidifies  on 
cooling  in  large  monoclinic  cr}-6tals,  very  much  like  those  of  felspar.  The  salt  is 
therefore  dimorphous.  At  higher  temperatures  it  gives  off  water  and  afterwards 
sulphuric  anhydride,  leaving  the  neutral  salt.  It  is  decomposed  by  alcohol  and  by  a 
large  quantity  of  water  into  sulphuric  acid  and  neutral  potassic  sulphate.  It  is 
often  used  in  mineral  analysis,  especially  for  the  decomposition  by  fusion  of  aluminoos 
minerals,  and  of  niobic  and  tantalic  compounds. 

Hydro-dipotassic  sfUphate,  K*H»(SO«)*  -=  2K«S0MI«S0*  (8esqm8uli)hate  of  potashl 
crystallises  from  a  solution  of  the  neutral  sulphate  in  dilute  siilphuric  acid,  together  with 
the  preceding  salt,  in  asbestos-like  threads  (Phillips,  Phil.  Mag.  i.  429).  Jacquelain 
succeeded  only  once  in  preparing  this  salt. 

Hydro'tripotassic  sidphate,  K»H(SO«)«,  or  3K*S0<.H«S0S  is  produced,  according  to 
Marignac  (Jahresb.  1856,  p.  320),  by  dissolving  h^dromonopotassic  sulphate  in 
excess  of  water,  concentrating  the  solution  by  heat,  till  it  yields  a  small  quantity  of 
crystals  on  cooling,  then  concentrating  the  mother-liquor  again,  and  leaving  it  to 
crystallise,  and  so  on.  The  solution  then  deposits,  first  the  neutral  sulphate,  afterwards 
the  hydrotripotassic,  and  finally  the  hydromonopotassic  salt.  The  hydrotripoCassie 
salt  forms  six-sided  tables  or  acute  rhombohedrons,  both  belonging  to  the  monoclinic 
system. 

y.  Anhydrosulphate,  K«SW  «  K«SO*.SO»  «  K*0.2S0»  (anhydrous  bisulphate 
of  potash),  is  formed,  according  to  Jacquelain  (Ann.  Ch.  Phys.  [2]  Ixx.  811)  by 
dissolving  1  at.  of  the  neutral  salt  and  1|  at.  sulphuric  acid  in  water,  and  leaving  the 
solution  to  evaporate  ;  also  when  the  neutral  salt  is  heated  in  a  platinum-crucible  with 
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half  its  weiffht  of  sulphuric  acid,  till  that  acid  is  no  longer  giren  off  at  a  commencing 
red  heat.  It  cr}'stallises  in  prismatic  needles,  of  specific  grarity  2*277,  which  melt  at 
210^.  These  crystals,  when  left  immersed  in  water  for  several  days,  gradually 
disappear,  and  the  solution  yields  large  crystals  of  hydromonopotassic  sulphate.  The 
anhydrosulphate  dissolves  very  easily  in  hot  water,  and  crystallises  unaltered  on 
cooling,  but  is  decomposed  by  a  quantity  of  water  larger  than  that  required  to  dissolTe 
it. 

9.  Double  Salts. — Sodio-tripotasHc  sulphate^  K'Na(SO*)*,  technically  caiXed. plato- 
sulphate  of  potash^  and  formerly  regarded  as  neutnil  sulphate  of  potai>sium,  is 
deposited,  on  cooling,  from  the  aqueous  extract  of  kelp,  when  this  liquid  is  concen- 
trated to  commencing  ciystalli^ation,  and  is  obtained  in  cakes  of  greater  thickness, 
by  repeatedly  pouring  firesh  quantities  of  warm  saturated  liquor  on  the  separated 
Milt  Its  ciystallisation,  es}>ecially  when  the  temperature  of  the  liquid  has  sunk 
to  38^,  is  accompanied  by  yivid  flashes  of  light,  which  may  be  increased  by  triturating 
the  separated  salt  under  the  liquid,  or  by  breaking  the  saline  crusts  formed  on  the 
surface,  touching  the  warm  saturated  liquid  with  a  crystalline  mass  already  cooled,  &c. 
On  recrystallisingit,  however,  no  light  is  emitted  (Penny,  Phil.  Mag.  x.  401 ;  Jahresb. 
1855,  p.  332).  A  solution  of  1  at.  Na'SO«  and  3  at.  K^0«  first  depof^its  crystals  of 
pure  potassic  sulphate,  and  afterwards  crystals  of  the  double  salt  (t.  Hauer,  Jahresb. 
1860,  p.  117).  The  crystals  of  this  salt  belong  to  the  hexagonal  system,  exhibiting 
the  tabular  combination oR  .  R,  or  prismatic  ooR  .  oR  .  +R  .  —  R  (like/^.  240,  ii. 
139).  For  R,  the  length  of  the  principal  axis  is  1*284.  Angle  R  :  R  (terminal)  — 
88<^  13' ;  for  the  pyramid  composed  of  -h  R  and  - R,  angle  R  :  R  (terminal)=»  13P  2' ; 
(basal)  »  112'^  0*.  (Mitscherlich,  Pogg.  Ann.  Iviii.  468;  v.  Hauer,  J.  pr. 
Chem.  Ixxxiii.  356;  Jahresb.  1861,  p.  170.— Kopp's  KrystaUographie,  2teAufl.  1862, 
p.  218.) 

Sodio-pentapoiassic  sulphate,  K*Na(SO*)',  is  produced,  according  to  Gladstone* 
(Chem.  Soc.  Qu.  J.  vi.  106),  by  fusing  the  neutral  or  acid  sulphate  of  potassium  with 
common  salt,  or  the  neutral  sulphate  with  sulphate  of  sodium.  It  crystallises  from 
the  hot  solution  in  six-sided  prisms  with  pyramidal  summita. 

Strontio-pota8sicsulphate,SjrK\SO*)\  separates,  according  to H.  Rose,  in  microscopic 
prisms,  from  a  solution  of  the  strontium-salt  mixed  with  excess  of  neutral  potaasio 
sulphate. 

Snlpbate  of  Xliodimn,  Rh*(SO«)*  «  Rh*0'.3S0*,  is  prepared  by  dissolving  pre- 
cipitated rhodium-sulphide  in  fuming  nitric  acid.  It  is  a  brown  powder,  soluble  with 
r^  colour  in  water.    (Berzelins.) 

PotassuMrhodie  sulphate  is  formed,  according  to  Berzelins,  when  finely-divided 
rhodium  is  heated  to  low  redness  with  acid  sulphate  of  potassium.  The  cooled  mass 
is  yellow,  or  rarely  rose-coloured,  and  dissolves  in  water,  forming  a  yellow  solution, 
from  which  alkalis  and  sulphydric  acid  throw  dpwn  only  part  of  the  rhodium. — 
Another  potassio-rhodic  sulphate,  probably  Rh"'K(SO*)*,  is  obtained  by  treating  potas- 
sio-rhodic  chloride  with  sulphurous  acid,  and  separates  from  the  solution  as  a  white 
powder,  nearly  innoluble  in  water,  and  only  slightly  soluble  in  sulphuric  acid. 

Bulpbates  of  Bnbidinnu— The  anhydrosulphate,  Rb^^O^  «  Rb*SO\SO*,  melts, 
like  the  corresponding  potassiium-salt,  at  commencing  redness,  and  when  more  strongly 
heated,  gives  off  sulphuric  anhydride,  aud  is  converted  into  the  neutral  salt  Rb'SO^ 
The  latter  separates  from  aqueous  solution  in  large,  hard,  vitreous  crystals,  isoroor- 
I  hous  with  sulphate  of  potassium,  and  exhibiting  the  combination  P  .  2Pao .  Axes, 
a:h\c  ^  0-5723  :  1  :  0*7522.  Angle  P  :  P  (brach.)  «  131°  6' ;  P  :  P  (macr.)  = 
87°  8' ;  P  :  P  (basal)  « 113°  6' ;  odP  :  ooP  (macj.)  «  73»  54' ;  odP2  :  ooP2  (macr.)  « 
1 12^  46' ;  Poo  :  Poo  (basal)  «-  59°  34'.  The  crystals  are  anhydrous,  permanent  in  the 
air,  decrepitate  and  become  opaque  when  heated. 

Sulphate  of  rubidium  forms,  with  sidphate  of  aluminium,  an  alum  containing 
Ar'Rb(S0')M2H*0;  and  with  the  sulphates  of  nickel,  cobalt,  magnisium,  &c.,  hex- 
hydrated  double  salts,  isomorphous  with  the  corresponding  potassium-compounds. 
(Kirch hoff  and  Bunsen,  Pogg.  Ann.  cxy.  584;  Jahresb.  1861, p.  177.) 

Bulpbato  of  mutlienliuiit  Ru'^(SO*)*  ->  RuO*.2SO',  is  obtained  by  the  action  of 
nitric  acid  on  the  sulphide  of  ruthenium  precipitated  from  the  trichloride  by  sulphydric 
acid.  It  forms  an  orange-yellow  solution,  which,  when  evaporated  to  dryness,  leaves 
a  yellow-brown,  amorphous,  deliquescent  mass,  having  a  sour  astringent  taste.  The 
finely-divided  dry  powder  resembles  mosaic  gold.  The  aqueous  solution  yields  a 
yellow-brown  precipitate  with  alkalis  only  on  heating,  and  is  coloured  blue  by  sulphy- 
dric  acid.    (Clans.) 

Snlpbate  of  Sihror.  Ag^SO*  -  Ag^O.SO*.  ^i/twr-vi/rto/.— This  salt  is  produced 
Vol.  V.  R  R 
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rithrr  bj  diraolring  lilnr  id  boiling  mlphurie  mdd,  ot  hj  pncipitkting  ■  aalntiaa  of 
the  aitrsl?  with  sulphate  of  lodium.  It  ii  a  vhite  inodoKKU  povder,  hsTiiig  a 
diBBgreeablc  mftsllic  tnstc,  melts  at  a  rather  low  [emporeture,  and  d«coinpcM(«  at  a 
higher  l>-iiip<>r»1urp,  leaTlng  metallic  Bilrer.  Wbm  ezposcd  to  light,  it  Sndiulljtann 
gresn.  It  dissulreg  ia  200  pta.  of  cold  and  S8  pts.  of  boiling -wstrr,  and  ciTataUiMa  oa 
cooling  ill  anlij'dniiiB  Bhiaiog  needles.  Aceotding  to  MitBcheriich,  tba  beat  djilali  an 
obtained  by  sloT  eTitporation  of  a  aolation  of  tbe  ralr  in  Ditrie  acid.  They  are  triua- 
trie  and  isomorpliouB  with  inhjdrona  aalphalo  of  aodium,  exhit»tiDg  th«  eoobilki- 
tionP  .  •?«  .  ocP.  JP.  Am.a:b:f  -  0J611 :  1:0-8078.    AngfcP:  P(bradi.) 

-  136'  20':  P:  P^maer.)  -  72' sr ;  P  :  P  (baaal)  -  \2o°  11'.  Ckantge  panUd 
to  P  and  «f». 

A  nlpiato->ii/phiite  of  nlrrr  ia  formed  by  digneting  the  sulphide  with  nitric  tdd, 
ai  a  broTn-jelluv  pomler.  which  when  boiled  with  excess  of  nitrie  acid,  ia  eompletetj 
conrertrd  into  sulplule.  Boiliog  water  dissolves  out  the  sulphate  of  silrer  and  leaTe* 
the  Buljiide.     {BerseliuB.) 

Su/piair  of  Argmtammonium,  (NH*Ag)*SO*,  is  formed  bj  aatorating  the  dij  nil- 
phatewiihBminonia-;!aB(H.  Rose).   MitacherlichobtaiDedtherampoiuid  Ag'SO'.tNH' 

—  [S'II'(XH'j'Ae']"(SO'),  by  dig.'Mjlving  recently  precipitated  argentic  sdlpbale  in 
warm  ntinng  utnoiunia :  it  separated  od  cooling  in  colouiless  erystalB,  tolerablj  perma- 

S/Inr-alnm,  Al^AfrlSO'l'  12H'0.  hail  already  been  deseribrd. — A  iMa\e arfftnto-ferrie 
<HJ^ial'<-,18(2Ag<O.SU').(2tV'0'.SU>),iaobIaiD«i,  according  toI«Tini,  by  leanugaaali]- 
tion  of  argentic  and  ferric  sulphati^  for  tome  time  in  a  closed  Tctsel,  and  aeparatra  in 
nut-brown  ctyBlalline  cruats,  soluble  in  100  pts.  of  water. 

■nlpbatm  of  Sodlun a.  The.A'orwa/oTA>«rraI  5a/f,ya*SO*  — Na*0.80'. 

Glauhtr't  Salt.  Sal  miriMt  Glaubcri.  Katrum  tulpkHriatm  ctytlaaiMalmm.—'nat 
lalt  was  diiKiTered  and  described  in  165S  by  Olauber,  who  prepared  it  from  the  midna 
obtained  in  the  preparation  of  hydrochloric  acid  fiom  common  salt  and  snlptorie  acid. 
Itoccors  rather  abundantly  in  nature,  eitberanby  drone,  as  73^anft'e,cn'stalliaediniwfat 
rhombic  prisms,  or  with  10  at.  water,  as  Glauber's  salt,  in  raonocliDic  priHm«.  Th^naidit* 
b  found  Bt  Tarapaca  in  Peru,  and  at  Espartioas  near  Mailrid.  Olanbera  salt  oectm  in 
crystals,  or  more  fmjuently  in  ffflorescent  crusts,  at  Iscbl  and  Hallstadt  in  Autria; 
also  in  Umigaiy,  Switzerland.  Italy,  &c.;  it  is  abundantly  deposited  at  the  hot  springa 
of  KnrlBboJ ;  in  larEe  igoantily  also  in  a  carem  in  Hawnii,  being  formed  br  the  actim 
of  Tolranic  heat  and  gases  on  salt-vuter ;  and  effloresces  with  other  aalta  in  tbe  line- 
Btono  boluw  tlie  Genesee  Fslla,  Ilochei-ter,  New  York  ;  also  near  the  Sweetwater  riTer, 
Bocky  Mountains.  It  occnrs  more  abundantly  in  combination  with  calcic  ndphat^ 
M  fftaubrritt  or  bnmgaiartiH  (ii.  846).  Sulphate  of  sodium  ia  atiO  a  coaatitnent  of  as^ 
water  and  [of  most  brine  springs,  and  exists  in  large  quantity  in  many  aalt  lakes  of 
Busiia,  and  in  many  mineral  waters,  aa  tbose  of  Karlsbad  and  I^na. 
Fio.  78.^. 


Sulphate  of  sodium  is  prepared  in  eaormoua  quantities  by  the  action  of  nl^arie 
acid  OQ  curamnn  salt  as  a  preliminary  step  in  llie  maaufaclurcof  carbonalaof  sodiani. 
The  operation  is  performed  in  a  reverberalory  furnace  connected  with  an  apparatna  for 
condensing  (he  hydrocbtoric  acid.  One  of  the  best  forms  of  nimace  is  represented  in 
fig.  7M,  the  arrangement  of  the  flues  being,  however,  somewhat  differait. 

A,  the  smaliurof  the  two  compartments  which  compoae  the  furnace,  ia  of  caat  iron ; 
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chromAte  and  selenate  of  sodium  coDtaining  corresponding  quantities  of  WBter.  Axes 
a:  b:  c  «  0-8962  ;  }  :  1109.  Anple  6  :  c  -  72°  15';  ooP  :  ooP  (cMthod.)  - 
93029';  [Poo  ]  :  [Poo,]  (clinod.)  -  80°  38' ;  [2Pqo  ]  :  [2Poo]  (clinod.)  -  450  58'; 
+  Pao  :  e  -  49°  50';  +  JPoo  :  c  =  75°  19';  -  JP  :  «  -  47''  66' ;  oP  :  odP  - 
77°  56'.  The  ordinary  combination  is  ooP  .  oopoo  .  oP  .  [Poo  ].  4-  P.  +  Poo  .  The 
crystHls  are  almost  always  prismatioally  elongated  in  the  direction  of  the  oirthodiagona], 
and  cleave  v»ry  distinctly  parallel  to  coPoo .  They  eflSoresce  readily  on  exposure  to 
the  air,  melt  in  their  water  of  crystallisation  at  33°,  and  give  off  the  whole  of  it 
below  100°. 

The  salt  has  a  bitter  and  cooling  taste,  and  is  nsed  as  a  pnigative.  100  pts.  of 
water  dipsolvo  12  pts.  of  it  at  0°  ;  48  pU.  at  18° ;  100  pts.  at  25° ;  822-6  pts,  at  33° ; 
263  pts.  at  50°  (Gay-Lussac),  and  244  pts.  at  100°  (Brandos  and  Firnhaber). 
Hence  it  appears  that  there  is  a  maximum  of  solubility  at  about  34°. 

When  a  solution  saturated  at  the  point  of  greatest  solubility  is  left  to  cool  in  a  closed 
Tessel  and  at  perfect  rest,  it  remains  supersaturated  at  ordinary  temperatores,  and  does 
not  crystallise ;  but  on  agitating  it  in  contact  with  the  air,  or  dropping  a  crystal  of  the 
salt  into  it,  the  whole  solidifies,  with  rise  of  temperature,  to  a  mass  of  crystals  of  ordi- 
nary Glauber's  salt.  If,  however,  the  supersaturated  solution  be  cooled  below  12°, 
without  agitation,  ciystals  are  sometimes  formed  containing  7  at  water  and  much 
harder  than  the  decahydrated  crystals.  If  now  the  temperature  be  again  raised  above 
15°,  or  the  crystals  touched,  they  become  milk-white,  and  are  converted,  with  consider- 
able rise  of  temperature,  into  a  mixture  of  tiie  anhydrous  and  the  dec&hjdrated  salt. 
(Ziz;  Faraday;  Lowel.) 

The  heptahydrated  salt,  Na'S0*.7HK),  crystallises  in  rhombic  prisms,  odP  .  o»P8 . 
»P  00,  t(>rminated  by  the  faces,  &  oo  .  ^  00.  Axes  a  :  b:e  »  0*955  :  1  :  0*966. 
ooP:  ooP(macr.)  -  87°  20' :  ooP3  :  ooP3  -  35°  18';  Poo  :  f  00  (basal)  -  88°0'; 
JPoo  :  iPoo  (basal)  =   35°  40'. 

According  to  Lowel  (Ann.  Ch.  Phys.  [3],  xlix.  32;  Jahresb.  1856,  p.  321X  ml- 
phate  of  sodium  may  exist  in  solution  in  three  different  states — vis.,  as  anhydrons  salt, 
or  as  the  ordinary  aecahydrate,  or  as  the  heptahydrate.  When  the  ordinary  decahy- 
drated crystals  are  melted  in  their  water  of  crystallisation,  then  heated  till  the  liqmd 
boils,  ana  the  vessel  immediately  closed,  a  cr^'stalline  powder  of  the  anhydrous  salt  is 
deposited.  If  the  liquid  be  frequently  agitated  as  it  cools,  the  anhydrous  salt  dissolves 
more  and  more,  till  the  temperature  has  fallen  to  18°.  On  further  coolinff,  crystals  of 
the  salt  Na'S0^7H'0  are  deposited  on  the  still  undissolved  residue^  and  below  18°, 
the  anhydrous  salt  is  gradually  but  completely  converted  into  the  heptahydrate.  The 
solutions  of  the  anhydrous  sulphate  remain  as  such  at  ordinaiy  temperatures  only  in 
closed  vessels ;  in  contact  with  the  air,  or  a  crystal  of  Glauber*s  salt,  they  immediately 
deposit  crystals  of  the  decahydrated  salt.  The  solubility  of  the  anhydrous  njt 
diminishes  as  the  temperature  rises ;  but  that  of  the  ordinaiy  decahydrate  increases 
up  to  about  34°,  at  wnich  temperature  it  is  converted  into  the  anhydrous  salt.  At 
34°,  the  decahydrated  crystals  gradually  melt  in  their  water  of  crystallisation.  As 
long  as  the  saturated  liquid  remains  in  contact  with  a  large  excess  of  the  unaltered 
crystals,  it  retains  an  amount  of  salt  corresponding  to  that  in  a  solution  of  the  deca- 
hydrated salt  saturated  at  34°— that  is  to  say,  55  pts.  of  anhydrous  salt  to  100  pts.  water. 
If,  however,  the  fusion  be  continued  further,  the  anhydrous  salt  begins  to  sepaimte; 
and  when  all  the  crystals  are  fused,  the  solution  ultimately  contains  49*68  pts.  of 
anhydrous  salt  to  100  pts.  water,  an  amount  corresponding  to  that  of  a  solution  of  the 
anhydrous  salt  saturated  at  34°.  Hence  the  apparent  maximum  in  the  solubility  of 
Bodic  sulphate  at  34°,  arises  from  the  fact  that  the  salt,  under  ordinarr  drcumstaDces, 
dissolves  in  water  up  to  the  temperature  of  34°  as  Na'SOMOH'O,  the  solubility  of 
which  increases  with  the  temperature ;  but  above  34°,  it  dissolves  as  anhydrous  salt, 
the  solubility  of  which  diminishes  as  the  temperature  rises  up  to  103*7^,  the  boiling- 
point  of  the  saturated  solution.    (Lowel.) 

Saturated  solutions  of  the  salt  Na^S0*.7H'0  are  obtained,  for  higher  tempentnies* 
by  removing,  at  a  lower  temperature,  a  portion  of  the  mother-liquor  which  ooyers  the 
crystals,  and  then  wanning  the  crystals  with  the  rest  of  the  liquid.  When  a  liquid 
containing  an  excess  of  the  crystals  of  this  heptahydrate  is  heated  to  27°,  these  oystsls 
behave  just  like  those  of  the  decahydrate  at  34° — ^that  is  to  say,  they  melt»  and  the 
liquid  deposits  the  anhydrous  snlt.  (Lowel.) 

The  following  table  exhibits  the  variations  of  solubility  of  anhydions  sodic  snlphate, 
and  of  the  two  hydrates  ;  in  the  two  latter  cases,  also,  the  quantity  of  anhydrous  salt 
equivalent  to  the  hydrated  salt  dissolved  at  each  temperature  is  given: — 
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QmrntUUs  of  Sodie  SulpkaU  diucived  in  100  jpU,  of  Water  in  the  state  of  Saturated 

Solution. 


Na«80«  +  10H«O. 

Na»iO<  +  7H«0. 

Temperatsrc. 

N««SO<. 
AnhjArout. 

Anhydrous.             Hjdrate. 

Anhydrous. 

Hydrate. 

0«>C. 

•          • 

502                   1216 

19-62 

44-84 

10 

•          • 

900                  23-04 

30-49 

78-90 

15 

1 

•          • 

13-20 

35-96 

37-43 

105-79 

18 

52-25 

16-80 

48-41 

41-63 

124-59 

20 

62-76 

19-40 

5835 

44-73 

14001 

25 

51-53 

28-00 

98-48 

52-94 

188-46 

26 

51-31 

3000 

109-81 

54-07 

202-61 

30 

50-37 

4000 

184-09 

33 

49-71 

50-76 

32313 

34 

49-53 

55*00        1       412-22 

4015 

48-78 

50-40 

46-82 

59-79 

45-42 

70-61 

44-35 

84-42 

42-98 

103-17 

42-65 

Sulphate  of  sodium  is  insoluble  in  alcohol,  but  somewhat  soluble  in  dilute  spirit  >' 
strong  Hlcohol  heated  with  the  ordinary  crystals,  abstracts  part  of  their  water  of 
crystallisation.      According  to  Schiff  (Ann.  Ch.  Pharm.  cxviii.  865) : 

A  solution  (taturat«d  «t  \9P)  lo  alcohol  of :  Containt  per  cant,  of 

r-  *    ■      ■  -t 

Specific  gra? ity.  Per  cent  liy  weight.  Na>SO4.10HSO. 

1000  ...         0 25-6 

0-976        ....         10 14-35 

0-972        ....         20 66 

0-939         ....         40         ....         .  1-3 

Alcohol  precipitates  it  from  the  cold  aqueous  solution. — [On  the  solubility  of  sodie 
sulphate  in  various  liquids,  see  further,  Storer^s  Dictionary  of  Solubilities,  iii.  623  — 
628.] 

Strong  hydrochloric  acid  poured  upon  crystallised  Glauber^s  salt,  produces  consider- 
able depression  of  temperature. 

/9.  Acid  Sulphates  of  Sodiu m, — Hydro-monoaodie  sulphate,  NaHSO*  or  Na*SO^ 
Ji^SO*,  commonly  called  hydrated  Irisulphate  of  soda,  is  obtained,  in  large  transparent 
triclinic  crystals,  by  dissolving  equivalent  quantities  of  the  neutral  sulphate  and 
sulphuric  acid  in  water,  and  evaporating  by  heat.  From  a  solution  saturated  at  the 
boiling  heat,  it  separates  on  cooling  in  oblique  rhombic  prisms  containing  2  at.  water, 
acconling  to  Mitscherlich,  3  at.  according  to  Wittstein.  The  crystals,  when  exposed 
to  the  air,  graduallly,  absorb  water  without  deliquescing,  and  are  resolved  into  the 
neutral  salt  and  free  sulphuric  acid.  The  same  decomposition  takes  places  on  dissolving 
them  in  4  pts.  of  hot  water  or  pouring  alcohol  upon  them. 

Hydro-trisodic  sulphate,  Na'H(SO^)',  is  obtained,  according  to  Mitscherlich,  when 
the  neutral  sulphate  is  treated  with  half  the  quantity  of  sulphuric  acid  required  to 
convert  it  into  the  preceding  salts ;  it  crystallises  by  evaporation  in  beautifiu  oblique 
rhombic  prisms.  H.  Rose  always  obtained  it  from  a  solution  of  hydromonos<Mic 
sulphate,  and  in  one  preparation  it  was  deposited  in  small  crystals  with  a  somewhat 
different  amount  of  water.  Its  aqueous  solution  always  yields  cnystals  of  neutral  sodie 
sulphate  with  2^  at.  water  (H.  Hose).  Mitscherlich  sometimes  also  obtained  crystals 
containing  Na«H(SO*)«. 

The  anhydrosulphate,  Na«S«0»  -  Na«SO*.SO»  «  Na«0.2S0«,  or  anhydrous  bind- 
phate  of  soda,  is  obtained  by  covering  1  at.  of  the  dry  neutral  sulphate  with  1  at. 
sulphuric  acid,  and  heating  till  the  mass  fuses  tranquilly  at  a  low  red  heat.  When 
heiOed  to  full  redness,  it  givea  off  sulphuric  anhydride  (p.  569). 

■vlpliate  of  Stronttuiiiv  Sr^SO*.  i-  SrO.SO",  occurs  native  as  coelestin, 
sometimes  in  large  trimetric  crystals,  sometimes  spany  or  fibrous  (i.  1069.)  Manrcss, 
by  fusing  sulphate  of  potassium  with  excess  of  chloride  of  strontium,  obtained  sulphate 
of  strontium  m  crystalt  having  the  form  and  specific  gravity  of  coelestin.  By  precipi- 
tating a  soluble  stiontinm-salt  with  sulphuric  acid,  it  is  obtained  as  a  white  powaer 
which,  Mccffding  to  Fnteuiif,  it  folnble  in  6^895  pte.  of  cdd  and  9,638  pti.  of  ooilix^ 
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water,  but  much  less  soluble  in  water  containing  hydrochloric  or  anlphurie  meid«  of 
which  it  requires  11,800  parts.  The  aqueous  solution  is  used  as  a  reagent  for  distin- 
guishing barium  from  strontium  (p.  436).  According  to  H.  Rose,  sulphate  of  strontium 
dissolres  very  perceptibly  in  hydrochloric  acid  at  ordinary  temperatures.  Watw 
containing  common  salt  dissolves  it  slowly  but  complete!}'.  Virck  (Chem.  Centr. 
1862,  p.  402)  has  determined  the  solubility  of  sulphate  of  strontium  in  certain  saline 
solutions  with  the  following  results : — 


Quantitj  of  shU  in 
•olullon. 


Quantity  of  SrSO^ 
dissolved. 


NaCl  22-17 

„      15-54 

,.        8-44 

KCl  1808 

l:?-54 

8-22 


»f 


i> 


01811 
0-2186 
01653 
0-2513 
0-1933 
0-1925 


Quantity  of  salt  in 
.solution. 


MgCl« 

cici« 

tt 
tl 


13-63 

4-03 

1-69 

33-70 

16-51 

867 


Quantity  of  Sr80« 
diftsolved. 


0*2419 
0-2067 
0*1986 
01706 
0*1853 
0*1766 


Sulphate  of  strontium  melts  to  a  vitreous  mass  at  a  strong  red  heat,  and  is  reduced 
on  charcoal  before  the  blowpipe  to  sulphide  of  strontium.  Viith  an  equivalent 
quantity  of  sodic  carbonate,  it  forms  an  easily  fusible  mass,  which,  on  cooling,  becomes 
opaque,  and  like  mother-of-pearl. 

Sulpliate  ofTelliirlam|Te*^(SO^)*  -  TeO*.2SO*  ?— When  pulverised  tellurium 
is  triturated  to  a  thin  paste  with  strong  sulphuric  acid,  and  the  mass  gentlj  heated,  it 
assumes  a  fine  purple-red  colour,  arising,  according  to  Msgnus,  from  the  solution  of  the 
tellurium  as  such,  and  not  in  the  oxidised  state.  The  purole  colour  remains  as  long  as 
there  is  any  liquid  left,  whilst  the  undissolved  portion  of  the  tellurium  becomes  oxi- 
dised at  the  expense  of  the  sulphuric  acid,  and  disappears  as  soon  as  all  the  acid  is 
decomposed,  the  whole  being  then  converted  into  a  white  mass.  K  this  mass  be  gently 
heated  till  the  excess  of  acid  is  just  driven  off,  there  remains  a  white,  earthy,  amorphous 
substance,  which  produces  a  sense  of  dryness  on  the  tongue,  and  after  a  while  a  metallic 
taste.  When  heated  it  melts,  gives  off  sulphuric  anhydride,  and  leaves  a  yeUow  liquid, 
which  solidifies  on  cooling  to  a  transparent  vitreous  mass,  consisting  of  a  basic  salt, 
which,  when  heated  in  an  open  crucible,  gives  off  its  sulphuric  acid,  and  leaves  opaque 
tellurotis  oxide.  Sulphate  of  tellurium  dissolves  in  warm  hydrochloric  or  nitric  acid, 
and  crystallises  therefrom  in  granules  on  cooling.  Water  decomposes  ity  dissolving 
out  sulphuric  acid  with  a  smsdl  quantity  of  telluriimi,  and  separating  tellurous  oxide 
(Magnus,  Pogg.  Ann.  x.  491).     See  further  Gmelin*s  Handbook,  iv.  406. 

Bnlpliate  of  Terbimiif  3Tb''S0^8H'0,  is  isomorphous  with  sulphate  of  didymium 
(Delafontaine,  Jahresb.  1864,  p.  198;  1865,  p.  179).  According  to  Mosander,  it 
e£Bore8ces  at  60° ;  Delafontaine,  however,  only  once  observed  an  imperfectly  crystallised 
specimen  to  effloresce  completely  at  ordinary  temperatures.    (See  Tbsbtuic.) 

Snlpl&ates  of  TnalUam.— a.  Thallious  sulphate,  Tl*SO«  »  Tl'O  JSO*,  is  obtained 
by  evaporating  a  solution  of  the  chloride  or  nitrate  with  sulphuric  acid  (Lamy),  or 
by  heating  metallic  thallium  with  sulphuric  acid  (Crook es).  It  is  soluble  in  21*1  pts. 
of  water  at  15°  and  in  5*4  pts.  at  100°  (Crookes),  and  crystallises  from  the  solution 
in  anhydrous  rhombic  prisms,  isomorphous  with  sulphate  of  potassium,  and  exhibiting 
the  combination  ooPoo  .  aoP2  .  ooP  .  ooPoo  .  P  .P  oo  ;  the  crystals  are  prismatically 
elongated  in  the  direction  of  the  principal  axis,  and  the  faces  oo^Poo  greatly  predominate 
(y.  La  n  g,  Phil.  Mag.  [4]  xxv.  348).  In  presence  of  sulphate  of  ammonium,  it  separates 
in  long  striated  crystals  resembling  sulphocyanate  of  potassium.  (Crookes,  Chem. 
News,  viii,  243.) 

Thallious  sulphate  forms,  with  sulphate  of  potassium,  the  salt,  T1AP(80*)*.12H^, 
isomorphous  with  common  alum  (Lamy);  and  with  the  sulphates  of  magnesium,  nickel, 
&c,  double  salts  containing  6  at.  water,  and  isomorphous  with  potassio-magnesie 
sulphate,  &c.  (G.  Werther,  Bull.  Soc.  Chim.  [2]  ii.  272  ;  Jahresb.  1864,  p.  248).— 
'nkfi  nickd-salt,  TPNi''(S0«)«.6H*0,  separates  from  a  solution  containing  a  slight  excess 
of  nickel-sulphate,  in  green  prisms,  which  are  permament  in  the  air,  give  off  their  water 
at  120^  and  decompose  at  a  red  heat.— The /frroiM  »a/^Tl«Fe''(S0*)».6HH),  obtained  in 
like  manner,  is  pale-green  ;  the  eincsalt,  Tl^Zn"(S0*)*.6HH),  is  colourless,  and  has  a 
gUssy  lustre;  the  magnesium-salt,  Tl*Mg''(S0^}^6H*0,  resembles  it^  but  is  nuns 
soluble. 

a  ThallicBulphate,  TP(SO«)».7H*0-Tl«0«.3SO*.7H«0,  senantes  by  evaporation 
from  a  solution  of  thallic  oxide  in  dilute  sulphuric  acid,  in  thinccuouriesslaminss^  which, 
are  decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallic  oxide.    It 
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Stannous  nUphate,  Sn'SO*  -  Sn"O.SO«,  is  obtained,  by  heating  an  excess  of  tin 
with  conceninittd  or  slightly  diluted  sulphuric  acid,  as  a  saline  mass,  which  dinolT«fs 
with  brown  colour  in  boiling  water,  and  separates  in  needle-shaped  crystals  on  cool- 
ing ;  also  in  nacreous  laminar  crystals,  by  dissolring  stannous  hydrate  in  warm  dilute 
sulphuric  acid  ;  and  as  a  crystalline  precipitate,  by  adding  sulphuric  acid  to  a  concen- 
trated solution  of  stannous  chloride.  The  anhydrous  salt  is  obtained  by  distilling 
stannous  sulphide  with  mercuric  oxide.  It  bears  a  red  heat  without  decompoaition, 
whereas  the  hydrated  salt  when  ignited  leaves  a  residue  of  stannic  oxide.  Stannous 
sulphate  dissolves  very  easily  in  water,  but  the  solution,  after  some  time,  deposits  a 
white  basic  salt. 

Potaasio-atannous  sulphate  separates,  on  mixing  a  solution  of  stannous  sulphate  with 

sulphate  of  potassium  in  fine  silky  needles,  containing  Sn*K*(SO*)",  or  SnTK*(SO*/* 
(Marignac).  A  mixture  of  hot  concentrated  solutions  of  stannous  chloride  and 
sulphate  of  potassium,  d«>posits  the  compound  4Sn"K*(S0*)-.Sn''Cl*,  in  small, 
shining,  hexagonal  crystals,  which  may  be  recrystallised  without  deoompositioii. 
(Marignac.) 

Snlpliatas  of  Titmninuu— Titanic  sulphate,  Ti*'(SO*)*  »  Tii*0'.2SO',  is  pre- 
pared by  di^icsting  finely  pulverised  titanic  oxide  with  sulphuric  acid  diluted  with  half 
Its  weight  of  water  till  all  the  water  is  driven  ofiT.  On  expelling  the  excess  of  add  by 
a  stronger  heat,  titanic  sulphate  remains  as  a  saline  mass,  which  dissolves  completely 
in  lukewarm  water ;  the  diluted  solution,  however,  deposits  titanic  oxide  whefi  boiled 
(H.  Rose).  From  a  solution  of  acid  potassic  titanate  in  hydrochloric  acid,  sulphuric 
acid  throws  down  a  compound  consisting  of  9TiO'.SO'.9H'0  (H.  Rose). — PiStmstith' 
titanic  sulphate,  Ti'''K\SO*)*,  is  obtained,  according  to  Warren  (Jahresb.  1867,  pt 
175),  in  small  sparingly  soluble  crystals,  by  fusing  titanic  oxide  with  acid  sulphate 
of  potassium,  digesting  the  resulting  vitreous  mass  with  strong  sulphuric  acid,  expelling 
the  greater  part  of  the  latter  by  a  gentle  heat,  and  dissolving  out  the  excess  of  acid 
potassic  sulphate  with  water. 

Titanous  sulphate,  Ti'0*.3S0',  according  to  Ebelmen,  is  formed  br  dissolving  tri- 
chloride of  titanium  in  sulphuric  acid,  and  separates  on  evapomtiug  the  solution  in  a 
vacuum  over  lime,  in  violet,  deliquescent,  crystalline  masses.  Its  solution,  when  boiled, 
deposits  titanic  oxide. 

•nlpbate  of  Tungsten  separates,  on  dropping  a  solution  of  alkaline  tungstate 
into  dilute  sulphuric  acid,  as  a  heavy  white  precipitate,  soluble  in  pure  water. 

Sutpbates  of  inraninm. —  Uranic  sulphate,  U*C>*.SO',  or  Sutphais  of  Uran^ 
(JJHyy&O*,  is  obtained  by  dissolving  uranoso-uranic  oxide  in  strong  sulphuric  acid, 
diluting  the  solution  with  water,  and  oxidising  with  nitric  acid ;  also  by  ^Mcomposing 
a  solution  of  uranic  nitrate  with  sulphuric  acid,  expelling  the  excess  of  acid  by  heat, 
dissolving  the  residue  in  water,  evaporating  the  solution  to  a  sjrrup,  and  leaving  it  to 
crystallise.  It  forms  small  lemon-yellow  prisms  containing  8  at  water  (Berselius ; 
P^ligot);  3}  at.  (Ebelmen).  According  to  Berzelius,  the  salts  U*0*.2S0'  and 
U*0'.3S0',  are  obtained  by  dissolving  the  monosulphate  in  sulphuric  acid ;  but  Piligot 
denies  their  existence  (see  Uramivm). — Uranic  sulphates  of  various  oompofution, 
called  uranium-ochre  and  uranium-vitriol,  are  found  in  small  flattened  monodinie 
crystals,  of  a  bright  emerald-green  colour,  near  Joachimsthal  in  Bohemia,  also  at 
Johanngeoigenstadt     (Rammelsberg's  Mineralchtmie,  p.  279.) 

Potassio-uranie  sulphate,  (U*0«)''K«(S0*)*.2H«0,  forms  lemon-yellow  aystalline 
crusts,  very  soluble  in  water,  and  becoming  anhydrous  at  100^. — Ammomo-uranie 
sulphate,  of  similar  composition,  forms  sparingly  soluble,  lemon-yellow  prisms.  There 
is  also  a  crystalline  sorf/o-Mra7«tc  sulphate.— Basic  cupro-uraniesulphatss,  called  tcfontwn' 


uranic  ( 


by  dissolving  hydrated  uranous  oxide  in  dilute  sulphuric  acid ;  or  by  decomposing  a 
concentrated  solution  of  uranous  chloride  with  sulphuric  acid.  It  crystallises  with  2  and 
with  4  at.  water.— A  dibasic  uranous  sulphate,  U''S0MJ*0.3HK),  is  obtained  by  treating 
the  normal  salt  with  a  large  quantity  of  water;  by  exposing  the  alcoholic  solution  of 
that  salt  to  the  sun*s  rays ;  by  careful  addition  of  ammonia  to  its  aqueous  solution  ; 
and  by  boiling  that  solution  with  green  uranoso-uranic  oxide.  It  forms  a  light-green 
powder  having  a  silky  lustre. 

Amnumia-uranous  sulphate,  V''(SR*)\SO*)\  forms  easily  soluble,  dark-green,  wwty 
groups  of  crystals :  its  solution,  when  heated,  deposits  a  basic  sulphate. 

Potassio-uranie  sulphate,  €'£*(80^)'.H'0,  forms  green,  slight^  soluble  saline 
crusts. 
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tiiste,  and  effloresce  slightly  in  dry  air.  Like  the  other  heptahrdrmted  nagncsuui  tuU 
phates«  they  give  off  6  at  water  at  about  100®,  but  the  seventh  only  at  a  bigher  tem- 
perature (about  260'^);  indeed  it  is  difficult  to  obtain  the  salt  peifectlj  anhydrous 
without  loss  of  acid.  At  a  bright  red  heat,  tlie  anhydrous  salt  ia  completely  decom- 
posed, leaving  pure  oxide  of  zinc*. 

The  heptahydratod  cr}'st8ls  dissolve  in  about  2J  pts.  of  cold,  and  in  aomewhat  less 
than  their  own  weight  of  boiling  water  ;  the  solution  has  an  acid  reaction.  Aooording 
to  Puggialo,  100  pts.  of  water  dissolve  at  dififerent  temperatures  the  following  q[iiantiti€8 
of  zinc-sulphate : — 

Temperature.  CrrttalUMid  Anhvdroas 

C.  ZoSO*.7HSO.  ZdSO*. 

10°...         138-21       .  .         48-36 

20°         .         .         .         161-60       .         .         .         6810 
30°         .         .         .         191-00       .         .         .         68-60 
60°        .        .         .        263-80      .        .        .         68*76 
100°        .        .        .        663-60      .        .        .         96-60 
The  suit  is  insoluble  in  absolute  alcohol.    According  toSchroder  (Ann.  Ch.  Pharm. 
cix.  45),  a  supersaturated  solution  of  Einc-vitriol  contained  in  a  glass  tube,  closed  by  a 
plug  of  cotton-wool,  deposits  a  modification  of  the  heptahydrated  salt  more  soluble 
than  the  ordinary  salt.    The  supernatant  liquid  still  remains  supersaturated,  and,  io 
contact  with  the  air,  yields  crystals  of  the  ordinary  salt,  together  with  crystals  of  the 
more  soluble  modification. 

A  solution  of  zinc-suJphate  left  to  crystallise  at  30^,  yields  monodinic  hezhydrated 
cr}'stal8,  Zn^SO'.fiU'O,  isoraorphous  with  the  corresponding  magnesium-  and  nidcel- 
salts.  The  same  hydrate  is  obtained  by  heating  the  ordinary  crystals  to  529,  A 
pentahydrated  salt,  Zu"S0^6UK),  is  obtained,  according  to  Knhn,  by  boiling  the  pnl- 
verised  heptahydratfd  salt  with  alcohol  of  specific  gravity  0*866.  It  also  crystallises, 
according  to  Pierre  and  Schindler,  from  solution  between  36®  and  60^.  A  granular 
dihydrate,  Zn"S0*.2lI*0,  is  obtained  by  boiling  the  finely  pulverised  heptahjdrate  with 
absolute  alcohol ;  it  also  separates  on  adding  strong  sulphuric  acid  to  a  concentrated 
solution  of  zinc-sulphate  (Kiihn).  The  monohydrate^  Zn''SO^H'0,  remains  when 
the  heptahydratid  salt  is  dried  in  the  air  at  100^,  or  in  a  vacuum  over  oil  of  vitriol 
at  20^  (Schindler,  Graham);  it  also  se^iarates  in  cr^-stalline  grains  during  ths 
cooling  of  a  boiling  saturdted  solution  of  zinc-sulphate  ^Graham).  It  retains  its 
water  at  205^  but  gives  it  up  at  238°.    (Graham.) 

Sulphate  of  zinc  is  chiefiy  used  in  calico-printing.  It  also  serves  as  an  addition  to 
oils  in  the  manufacture  of  varnishes ;  for  the  preparation  of  many  other  sine-componnds, 
as  of  zinc-white ;  and  in  medicine  for  the  composition  of  eye-washes,  &c. 

Basic  Zinc-sulphates.— The  (fi6a«tc  sa/^2ZnO.SG*  -  Zn''SO«.Zn''0,  is  pro- 
duced by  digesting  a  strong  solution  of  zinc-vitriol  with  oxide  or  hydrate  of  sine  as 
long  as  anything  is  dissolved :  it  does  not  crystallise  (Schindler). — ^The  Utrabaaie 
§ait,  4Zn'0.S0>  «>  Zn"S0«.3Zn"0,  crystallises  from  a  solution  of  the  preceding  by 
spontaneous  evaporation  in  long  fiezible  needles, containing  lOat.  water  (Schindler). 
The  same  salt  is  precipitated  on  adding  a  small  quantity  of  potash  to  the  solution  of 
the  neutral  sulphate,  as  a  white  bulky  powder  insoluble  in  cold  water,  and  separates 
from  a  boiling  aqueous  solution  on  cooling,  in  small  imctuous  crystals,  which,  according 
to  Kane,  contain  2  at.  water.  It  is  also  formed  by  heating  the  neutral  sulphate  till  it 
is  partially  decomposed,  and  boiling  the  residue  with  water,  or  by  boiling  a  solution 
of  the  neutral  sulphate  with  zinc-oxide  or  metallic  zinc ;  in  that  case  also  the  solu- 
tion, on  cooling,  deposits  the  dihydrated  compound  Zn"S0^3&''0.2HH).  (Kuhn, 
Schindler.) 

The  hexbasie  salt,  fiZn^O.SOMOlPO  -  Zn"SO«.6Zn''O.10H«O,  is  obtained,  according 
to  Kane,  as  a  white  powder,  by  treating  sulphate  of  zinc-ammonium  witli  water. — The 
octobanc  salt,  8Zn"O.SO».2H=0  «  Zn"SO<.7Zn''0.2H*0,  is  precipitated  in  white  bulky 
flocks  on  diluting  a  solution  of  the  dibasic  salt  with  a  large  quantity  of  water.  ITie 
precipitates  formed  by  caustic  potash  in  a  solution  of  zinc-vitriol,  are  basic  nits, 
var^'ing  in  composition  according  to  the  quantity  of  alkali  used. 

AH  these  basic  zinc-sulphates,  when  heated  nearly  to  redness,  give  off  their  chemi- 
cally combined  water,  without  change  of  appearance ;  but  at  a  bright  red  heat,  they  are 
decomposed  in  such  a  manner  that  water  afterwards  extracts  tSim  tJiem  the  neutral 
salt,  leaving  zinc-oxide. 

Ammoniacal  Sulphates  of  Zinc— There  are  several  of  these  compomids, 
varying  in  composition  ai-cording  to  the  quantity  of  ammonia  added  to  the  sulp^te  of 
zinc.  When  ammonia-gas  is  passed  into  a  hot  saturated  solution  of  neutral  adne-solphate 
till  the  precipitate  at  first  formed  is  redissolved,  sulphate  <if  ame^mmanimm, 
Zn'^0*.2NH».H'0  -  (N«H«Zu)''t?0».H«0,  separates  on  cooling  in  fine  semi-crystalline 
starch-like  granules.     The  water  may  be  expelled  by  prolonged  fusion.     If  the  ammo- 
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Alcoh6lic  Sulphates.    Svlphubic  Eths&s. 
Alcohols  treated  with  strong  sulphuric  acid,  yield  acid  sulphuric  ethen  repraaented 
bj  the  general  formula,  ttSO^  : 

2[0     +     J^JSO*     -     H»0     +    h|sO«. 

Alcohol.    Sulpbuiicacfd.  Acid  eib  r. 

There  are  also  a  few  neutral  sidphuric  ethers  represented  hj  the  fommla  t>[^*! 

they  are  formed,  not  by  the  action  of  sulphuric  acid  upon  alcohols,  bat  of  sulphuric 
anhydride  upon  neutral  ethers  (alcoholic  oxides). 

AUyl-snlpliiirlo  Acid,  C'H«SO«    -   ^  ^^    S0«  -  CH*  >0*.    (Cahonrs  and 

Hofmann,  Chem.  Soc.  Qu.  J.  z.  316). — ^When  allylic  alcohol  is  added  by  drops  to 
about  an  equal  volume  of  strong  sulphuric  acid,  the  mixture  becomes  heated  without 
blackening :  and  in  adding  seven  or  ei^ht  times  the  Tolume  of  water,  and  neutralising 
with  carbonate  of  barium,  the  liquid  yields,  by  evaporation,  white  shining  crystals  <tf 
baric  allyl-sulphate  (C>H*)«Ba"(SO«)«. 

Amjlsvlpbiirio  aeld,  (C*H")HSO«.  SulpKamyUc  acid,  (Cahonrs,  Ann.  C3l 
Phys.  [2],  Ixx.  86.— KekuU,  Ann.  Ch.  Fharm.  Ixxy.  21b.)— K  mixture  of  equal  parts 
of  amylic  alcohol  and  oil  of  vitriol,  after  standing  for  some  time,  till  water  no  longer 
separates  amylic  alcohol  from  it,  is  diluted  with  water;  the  resulting  crude  amyl- 
sulphuric  acid  is  saturated  with  carbonate  of  barium  ;  the  solution  filtered  finom  the 
sulphate  of  barium  is  evaporated ;  and  the  crystals  of  amylsulphate  of  barium  obtained 
after  cooline  are  freed  from  the  mother-liquor  upon  lilter-paper ;  and  purified  by 
shaking  up  their  aqueous  solution  with  animal  charcoal,  and  twice  ciystallising  by  spon- 
taneous evaporation.  The  solution  of  these  crystals,  precipitated  by  the  proper  quantity 
of  sulphuric  acid,  then  filtered  and  evaporated,  yields  the  pure  acid.  (Cab ours). 
Kekule  prefers  preparing  the  lead-salt  and  decompofdng  it  with  sulphuretted  hydrogen, 
after  which  he  carefully  evaporates  the  colourless  filtrate  to  a  thin  syrup. 

Amyl-eulphuric  acid  is  a  colourless,  thin  syrup  which  sometimes  deposits  slender 
needles  by  spontaneous  evaporation.  (Kekul^  did  not  obtain  any  crystius.)  It  tastes 
acid  and  bitter  (sharply  acid,  according  to  Kekul^),  and  reddens  litmus  stroogly. 
(C  a  hours.)    It  dissolves  readily  in  water  and  in  alcohol. 

The  concentrated  aqueous  acid  decomposes  spontaneously  into  amyl-sloohol  and  sul- 
phuric acid,  slowly  in  the  cold  and  in  a  vacuum  or  when  exposed  to  the  air ;  qui^Lly  on 
Doiling ;  the  more  quickly  as  it  is  more  concentrated.  It  is  decomposed  by  chlorine  in 
the  cold,  and  by  nitric  acid  when  heated. 

Theamylsulphates  or  sulphamylates  (C*H")MSO*,  and  (0»H")«Br(SO«)«. 
are  generally  ciystallisable,  have  a  bitter  taste  and  are  soapy  to  the  touch.  The 
crystals  generally  contain  water,  and  in  that  case  are  often  efflorescent.  When  their 
aqueous  solution  is  boiled,  they  are  resolved  into  sulphate,  f^  sulphuric  acid  snd 
amylic  alcohoL  This  decomposition  takes  place  slowly  at  ordinary  temperatures,  even 
in  the  crystallised  salts ;  nevertheless,  these  crystallised  salts  may  generally  be 
dehydrated  at  100^  before  decomposition  begins.  All  amylsulpbates  dissolve  in 
water  and  in  alcohol,  very  sparingly  in  ether.  Most  of  them  in  toe  ciTstalline  state 
or  in  aqueous  solution  are  decomposed  by  prolonged  contact  with  the  air,  giving 
off  amylic  alcohol  and  leaving  a  metallic  sulphate ;  the  decomposition  is  accelerated 
by  heat.  By  dry  distillation  they  leave  metallic  sulphate  mixed  with  charcoal,  and 
giTe  off  a  combustible  gas  together  with  carbonic  and  sulphurous  anhydrides,  and  sn 
oil  oont&inine  amylene,  other  hydrocarbons  polymeric  therewith,  amylic  ether 
(C*H")*0,  and  probably  also  amyhc  sulphate  (OH'^j'SO^  at  all  events,  the  distillsd 
product  contains  sulphur. 

Amylsulphate  of  Aluminium  tonns  a  gelatinous  mass,  soluble  in  water,  alcohol,  tad 
ether,  very  deliquescent,  and  easily  decomposible. 

Amylsulphate  of  Ammonium. — ^The  filtrate  obtained  by  precii»itating  the  calcium- 
salt  with  carbonate  of  ammonia,  yields  by  spontaneous  evaporation,  colourless,  bitter 
OTstalline  scales,  and  by  evaporation  over  tne  water-bath  a  nodular  crystalline  mass. 
The  crystals  give  off  nothing  at  100^,  begin  to  decompose  at  140^,  and  bum  away, 
leaying  a  residue  of  charcoal.  They  deliquesce  slightly  in  damp  air,  and  dissolre  veiy 
readily  in  water,  on  which  they  move  briskly  about;  they  are  less  soluble  in 
alcohol,  and  insoluble  in  ether. 

The  barium^t  (C^H>')^Ba''(S0«)*.2H>0,  prepared  as  above,  crystallises  by  spon- 
taneous evaporation,  in  large  very  flexible  rhombic  tables.  The  crystals  effloreses  in 
dry  air  and  g^ive  off  6'66  per  cent,  O  at)  water  in  vacuo.  They  begin  to  deeompose 
at  96^,  melting  at  the  same  time,  if  they  have  not  been  prerioosly  dried.    Thej  give 
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^ff  an  oil  somewhat  aboTe  20(P,  and  leavn  sulphate  of  barium  mixed  with  charcoaL 
Their  aqueous  solution  is  resolved  by  longer  boiling,  into  amjlic  alcohol,  sulphuric 
acid,  and  sulphate  of  barium.  The^  dis^olre  Tery  r^ftdily  in  water,  more  reamly  in 
wann  than  in  cold  alcohol,  but  are  inRoluble  in  ether. 

The  ca/cium'9ait,  (C*Il'*)«Ca'\S0*)».2H*0,  obtained  by  snturnting  amyl- sulphuric 
acid  with  chalk,  forms  maromellated  crystals,  soft  to  the  touch,  very  soluble  in  water, 
especially  in  hot  water,  soluble  in  alcohol,  insoluble  in  ether.  It  has  a  bitter  and 
pungent  taste.  An  aqueous  solution,  saturated  and  limpid  at  ordinary  temperatures, 
becomes  turbid  at  the  boiling  heat.  The  crystals  effloresce  in  dnr  air,  give  off  the 
whole  of  their  water  (8*55  per  cent.)  in  a  vacuum,  and  are  gradually  decomposed  by 
contact  with  the  air.  The  salt,  heated  to  250^  in  a  setded  tube  with  alcoholic 
ammonia,  yields  sulphate  of  calcium  and  sulphate  ofamylamine.  (Berthelot,  Compt. 
rend,  xxxvi.  1098.) 

The  cobalt-salt  is  obtained,  by  precipitating  the  barium-salt  with  sulphate  of  cobalt, 
and  evaporating  the  filtrate,  in  rose-coloured  laminae,  very  soluble  in  water. 

Cupric  salt,  (C»H")K^u''(S0«,«.2H«0.— The  blue  solution  of  carbonate  of  copper  in 
the  acid  yields,  when  left  over  oil  of  vitriol,  large  elongated  tables  which  are  permanent 
in  the  air,  dissolve  readily  in  water  and  weak  alcohol,  less  readily  in  absolute  alcohol, 
and  are  insoluble  in  ether. 

The  ferric  salt,  obtiiined  by  dissolving  ferric  hydrate  in  the  aqueous  acid,  forms 
small,  yellow,  easily  decompoeible,  deliquescent,  crystalline  granules. — The  ferrous  salt 
is  produced  by  dissolving  metallic  iron  in  the  aqueous  acid.  The  pale  green,  sweetish- 
bitter  solution  reddens  litmus,  and  when  evaporated,  deposits  brown  flakes  of  ferric 
oxide,  together  with  pale  green  crystalline  grains  of  the  ferrous  salt.  These  crystals 
quickly  turn  yellow  on  exposure  to  the  air,  dissolve  in  water  and  alcohol,  and  with 
green  colour  in  ether. 

The  lead-salt,  (C*H")*Pb"(SO*)«.H*0,  obtained  by  saturating  the  acid  with  carbonate 
of  lead,  forms  mammellated  groups  of  small  laminae,  very  soluble  in  water,  acid  to  test- 
paper,  soluble  in  alcohol,  insoluble  in  ether,  and  having  a  bitter-sweet  taste.  The 
solution  decomposes  slowly  in  contact  with  ihe  air,  rapidly  at  the  boiling  heat 

ThefiMi5^/w«miw-«i/^,  (C*H'*)*Mg''(S0*)'.4H'0,  is  obtained  by  spontaneous  evapora- 
tion in  elongated  rhombo'idal  laminae,  which,  have  a  fine  nacreous  lustre,  and  are 
with  difficulty  deprived  of  the  whole  of  their  water  of  crystallisation. 

The  manganese-salt,  (C*H")*Mn"(S0«)«.4H*0,  forms  nearly  colourless  crystals,  per- 
manent in  the  air;  the  solution,  however,  gradually  decomposes. 

Mercuric  salt. — The  yellow  solution  of  mercuric  oxide  in  amylsulphuric  acid  yields, 
by  evaporation  in  a  vacuum,  dark  yellow  crystalline  nodules,  soapy  and  glutinous  to 
the  touch,  having  an  extremely  sharp  and  bitter  taste ;  they  contain  2  at*  wafer, 
decompose  after  keeping  for  some  time,  and  deliquesce  in  damp  air. 

The  nickel-salt,  (C*H'>)«Ni*(S0«)«.2H*0,  crystallises  by  evaporation  in  a  vacuum,  ia 
nodules  of  green,  elongated  laminae,  which  deliquesce  in  moist  air. 

The  potassium-salt,  (C^H'*)KSO^,  separates  from  its  solution  by^  spontaneous  evapo- 
ration m  colourless  tufts  of  needles,  having  a  very  bitter  taste,  or  in  nodules  composed 
of  needles  having  a  silk^  lustre.  These  crystals  effloresce  on  exposure  to  the  air,  and 
turn  slightly  brown,  giving  off  amylic  alcohol  and  sulphuric  acid.  In  a  vHcuum  or  at 
lOO*',  they  give  off  3*99  per  cent.  (1  at)  of  water,  without  further  decomposition,  swell 
up  strongly  at  170^,  then  melt,  and  leave  a  black  scum.  The  salt  dissolves  readily  in 
water  and  in  weak  alcohol,  less  readily  in  strong  alcohol,  from  the  hot  solution  in 
which  it  crystallises  in  slender  needles,  and  is  insoluble  in  ether. 

Silver-salt,  (C*H'*)AgSO*. — The  solution  of  carbonate  of  silver  in  the  slightly  heated 
acid  yields,  by  evaporation,  colourless  laminae,  which  dissolve  very  easily  in  water, 
blacken  on  exposure  to  the  air,  and  dissolve  in  alcohol  but  not  in  ether. 

The  sodiufti-salt,  (OH")NaS0^,  is  obtained  by  precipitating  the  calcium-salt  with 
carbonate  of  sodium,  and  spontaneous  evaporation  of  the  filtrate,  in  nodules  set  with 
small  crystals.  These  swell  up  at  35^  [135?]  softening,  and  giving  off  water,  and 
begin  to  undergo  further  decomposition  at  145°.  They  dissolve  abundantly  in  cold 
water,  and  in  all  proportions  in  hot  water ;  from  hot  alcohol  they  crystallise  in  long 
radiated  laminae ;  they  do  not  dissolve  in  ether. 

The  strontium-salt,  (C»H")«Sr'(S0*)«.2H*0,  forms  white  crystallised  nodules,  which 
turn  brown  in  the  air,  leave  39*82  per  cent,  sulphate  of  strontium  when  ignited, 
dissolve  readily  in  water  and  weak  alcohol,  with  difficulty  in  absolute  alcohol,  and  not 
at  all  in  etlier. 

The  ntu^salt,  (C*H")«Zn''(S0«)«.2HH),  forms  nacreous  scales  grouped  in  nodules, 
soluble  in  water  and  in  alcohol,  and  decomposing  at  110°. 

SiitjlHnilplifuie  add.    See  Tbtryl-8ui.fhubic  aod. 

CapvylHivlplmrlo  aoid.    See  Octtl-sulphusic  acid. 

Cetjl-mUplnirto  «eld.  (C**B^)JiSO*.—Si^phoertic acid:  (Dumas  andP^ligot, 
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Ann.  Ch.  Phys.  [2]  Ixii.  4.— Kohler,  Jahpeab.  1866,  p.  579.— Heints,  Fogg.  Aon. 
cii.  267;  Jahi^sb.  1857,  p.  445.)--The  potassium-salt  of  this  add  ia  produced  bj 
mixing  ethal  with  strong  sulphuric  acid,  at  the  temperatuie  of  the  water-bi^ ;  dissolruig 
the  niiiHs  in  alcohol ;  saturating  with  alcoholic  potash  ;  separating  the  liquid  from  tiM 
deposited  Huli^hato  of  potassium ;  concentrating  it ;  digesting  the  cetyl-anlphate^  of 
potassium,  wliich  sepamtes  with  alcohol,  to  free  it  from  excess  of  ethal ;  and  pnriijing 
it  by  repeated  crystallisation  from  boiling  alcohol. 

CVtyl-8ul[)hate  of  poUssium,  (C'*H'')KSO\  crystallises  in  soft  nacreous  lamin», 
compoBcd  of  intorlacc*d  needles ;  it  is  moderately  soluble  in  hot  alcohol,  less  soluble 
in  boiling  water,  insoluble  in  ether,  not  fusible.  Heated  with  cyanide  of  potassiiOB, 
it  yidds  cyanide  of  cetyl  (i.  840), 

Btbyl-sulpliiirio  aoid.  (C^H*)nSO*.  Sulphithylie  acid,  Sulphotrmic  acid. 
(Dabit,  Ann.  Chem.  xzxiv.  300;  xliii.  101.— Sortiirner,  Gilb.  Ann.  Ix-  63;  Ixir. 
6,7. — A.  Vopel,  ibid,  Ixiii.  81. — Gay-Lussac,  Ann.  Ch.  Phys.  [2],  xiii.  76. — 
Ho nnell,  Phil.  Trans.  1826,  p.  240;  1828,  p.  365.— Dumas  and  BonIlay,Ann. 
Ch.  Phys.  xxxvi.  300. — SeruUas,  ihid.  xxxix.  153. — ^Liebig  and  Wohler.  Ann. 
Ch.  Phann.  i.  37. — Liebig,  ihid,  xiii.  27. — Magnus,  fftiVf.  vi.  52. — Marchand, 
Pogg.  Ann.  xxviii.  454;  xxxii.  345;  xli.  695. — Muller,  Ann.  Ch.  Phys.  [8],  xix. 
22.— Berthelot,  Corapt.  rend,  xxxvi.  1098.— Gm.  \'iii.  415;  x.  611). — ^This  acid, 
produced  by  the  action  of  strong  sulphuric  acid  upon  alcohol,  ether,  or  ethylene,  was 
first  noticed  by  Dabit  (in  1800),  in  the  residues  of  the  preparation  of  ether  by  heating 
alcohol  with  sulphuric  acid;  afterwards  (1819)  by  Serturner.  Hennel,  in  1826,  an- 
nounced  that  ho  had  produced  it  by  the  direct  combination  of  ethylene  (olefiant  gas) 
with  sulphuric  acid ;  but  this  result  was  for  a  long  time  doubted,  the  formation  of  the 
ethyl-sulphuric  acid  being  attributed  to  the  presence  of  alcohol  or  ether  vapour  in  the 
oleftant  gas.  The  more  recent  experiments  of  Berthelot,  however,  have  confirmed 
Honnel's  statement,  and  shown  that  ethyl -sulphuric  acid  may  be  formed  by  briskly 
agitating  strong  sulphuric  acid  with  perfectly  pare  ethylene  gas,  obtain€»d  either  from 
alcohol,  or  from  coal-gas  (by  absorbing  it  with  iodine,  and  decomposing  the  ethylenie 
iodide  with  potash),  or  produced  by  the  direct  combination  of  hydrogen  with  acetylene, 
(i.  112),  or  in  various  other  ways  from  inoi^nic  materials  (ii.  665.)— On  the  fbrmatioa 
of  ethyl -sulphuric  acid  from  alcohol,  see  Alcohol  (i.  76). 

Preparation, — A  mixture  of  equal  parts  of  strong  sulphuric  acid  and  strong  alcohol 
is  heated  to  about  100°,  and  after  standing  in  a  warm  place  for  24  hours,  diluted  with 
water,  and  saturated  with  carbonate  of  barium  or  carbonate  of  lead;  the  solution  is 
then  filtered  from  the  precipitated  sulphate  of  barium  or  lead ;  and  the  filtrate  care- 
fully evaporated  to  the  crystallising  point  The  crystals  of  baric  or  plnmbic  ethylsul- 
phate  are  then  redissolved  in  water;  the  solution  is  decomposed  with  an  exactlv 
equivalent  quantity  of  sulphuric  acid — or  better,  in  the  case  of  the  lead-salt,  witn 
sulphydnc  acid ; — and  the  filtrate  is  concentrated  in  a  vacuum  over  oil  of  vitriol  or 
chloride  of  calcium. 

Projierties. — Ethyl-sulphuric  acid,  concentrated  to  the  highest  degree  that  it  will 
bear  without  decomposition,  is  a  limpid,  oily,  very  sour  liquid,  of  specific  gravity  1*316 
to  1*317  at  16°.  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  hut  is 
insoluble  in  ether. 

The  dilute  acid  decomposes  gradually  at  ordinary  temperatures,  quickly  on  boiling, 
into  alcohol  and  sulphuric  acid.  The  concentrated  acid  is  resolved  at  a  moderate  dc^g^ve 
of  heat  into  ether  and  sulphuric  acid,  but  at  a  higher  temperature  it  anfibrs  mors 
complete  decomposition,  giving  off  ethylene  gas  and  sulphurous  oxide,  and  leaving  a 
carbonaceous  residue.  Heated  with  alcohol  to  130° — 140^,  it  yields  ether  and  ral- 
phuric  acid,  (i.  76) : 

(C«H»)HSO*  +   (CTP)HO     =     (C*H»)«0  +  H^SO«. 

Heated  with  manganic  peroxide  or  potaseic  chromate,  it  yields  aldehyde.  (Jacqnemin 
andLi^s.-Bodard,  Jahresb.  1857,  p.  345.) 

Ethyl-sulphates  or  sulphovinates,  (C«H»)3iS0*  and  (CTB[»)«W[-(SO«)«. 
Ethylsulphuric  acid  is  a  strong  acid,  which  decomposes  carbonates  and  sulphites,  and 
neutralises  bases  completely.  Some  of  the  ethyl-sulphates  are  anhydrous;  others 
contain  water  of  crystallisation,  which  for  the  most  part  they  give  off  in  a  vacuum 
over  oil  of  vitriol.  They  are  likewise  dehydrated  by  heating  to  100°,  or  in  some 
cases  to  higher  temperatures,  with  partial  decomposition.  They  all  dissolve  easily  in 
water,  some  also  in  alcohol,  and  a  few,  the  ammonium- salt,  for  example,  in  ether. 
Host  etbylsulphates  are  permanent  in  the  air,  but  the  ammonium-,  lithium-,  sodium-, 
and  zinc-salts  are  verv  deliquescent.  When  dissolved  in  a  small  quantity  of  water, 
they  produce  a  perceptible  degree  of  cold. 

The  ethyl-sulphates^  may  be  prepared  by  saturating  the  acid  with  oxides  or  carbo- 
nates, or  by  decomposing  the  barinm-  or  lead-salt  with  the  corresponding  tnlphates ; 
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the  etliyl-sulphateB  of  the  alkali-metals,  also  bj  decomposing  the  bariom-  or  lead-salt 
with  an  alkahne  carbonate. 

The  ethyl-sulphates  in  aqueous  solution  are  decomposed  by  ebullition,  but  the 
decoui position  is  completely  prevented  by  adding  a  few  drops  of  caustic  potash.  Some 
of  them,  especially  the  strontic,  baric,  plumbic,  ferric,  manganous,  argentic,  aluminic, 
and  uranic  salts,  undergo  spontaneous  decomposition,  while  others  may  be  kept  for 
years  without  alteration.  They  are  decomposed  by  dry  distillation,  first  giving  off 
ether  and  alcohol,  together  with  their  water  of  crystallisation,  afterwards  heavy  oil  of 
wine  (probably  a  mixture  of  neutral  ethylicsulphate  and  oily  hydrocarbons),  together 
with  carbonic  and  sulphurous  anhydrides,  and  olefiant  gas,  and  leaving  metallic 
sulphate  mixed  with  charcoal.  Heated  in  contact  with  the  air,  they  bum  with  a  faint 
bluish  flume.  Heated  with  strong  sulphuric  acid^  they  give  off  ether,  and,  with  the 
dilute  acid,  alcohol.  Heated  with  hydrate  of  potassium^  they  yield  alcohol,  and  with 
quicklime  they  give  off,  first  alcohol,  afterwards  heavy  oil  of  wine  and  olefiant  gas. — 
Heated  with  inangaric  ptroxide  or  potassic  chromate,  they  yifld  aldehyde,  together 
with  win^'-oi  land  other  products  of  decomposition.  (Jacquemin  and  Li^s-Bodard.) 

The  ethyl-sulphates  distilled  with  other  salts  yield  compound  ethers ;  for  example : 

C«H»KO«  +   C«H»KSO«     -     K«SO«  +  C*H»(C«H*)0*. 

Potassic  Potassic  Rihjriic 

acetate.  Ethyl*  sulphate.  acetate. 

Compound  ethers  are  often  prepared  by  this  method.  According  to  Nadler  (Ann.  Cfa. 
Pharm.  cxvi.  173;  Jahresb.  1860,  p.  403),  ethyl-sulphate  of  potassium  distilled  with 
nitrate  of  potassium,  yields,  not  ethylic  nitrate,  but  a  heavy  oily  liquid  consisting  of 
aceto-ethyl-nitrate,  C*H>^N^O',  a  compound  of  2  at.  ethy lie-nitrate  and  1  at. 
aldehyde  (2C«H*N0«  -*■  C*H*0),  the  latter  being  produced  from  ethylic  nitrate  by 
elimination  of  NO'H. 

When  a  cold  concentrated  aqueous  solution  of  an  ethyl-sulphate  is  electrolysed  with 
platinum-plates  for  electrodes,  the  inorganic  base  is  separated  at  the  negative  pole, 
with  evolution  of  hydrogen,  whilst  free  sulphuric  acid  is  eliminated  at  the  positive 
pole,  together  with  oxygen  and  carbonic  dioxide,  an  odour  of  aldehyde  being  also 
perceptible.  If  the  positive  pole  is  formed  of  amalgamated  zinc,  it  becomes  coated 
with  a  6im  of  ethyl-sulphate  of  zinc,  but  neither  aldehyde  nor  sulphuric  acid  makes  its 
appearance.     (Guthrie,  Ann.  Ch.  Pharm.  xcix.  64.) 

Ethyl-sulphate  of  Aluminium  is  gummy  and  deliquescent. 

The  aminonium-salt,  (C*H*)(SK*'^0\  forms  anhydrous  crvstals  which  melt  at 
62^,  are  very  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether. 

The  6arium-«a//,(CH*)'Ba''(SO*)'.2H'''0,  crystallises  in  monodinic  prisms,  iso* 
morphous  with  the  methyl-sulphate,  and  exhibiting  the  combination  ooP  .  odPoo  .  oP  . 
-Poo  .  +  P.  Axes,  a:b:e  -  0*8229  :  09790  :  1.  Angle  6  :  c  «  84®  39' ;  <xP : 
ooP(orthod.)  -  80<>20';  +P:  +P  -  96^44';  oP  :  ooP  -  93^26';  <»Pqo  :  -Poo 
—  121®  18'.  Cleavage  perfect,  parallel  to  ooPoo  (Schabus,  Bestimmung  dcr  KrvstaU^ 
gestalten,  ^e.).  The  crystals  contain  8*48  per  cent,  water  of  crystallisation,  which  they 
give  off  in  a  vacuum.  The  anhydrous  salt  does  not  alter  at  100^,  but  the  hydrat«d  salt- 
undergoes  slight  decomposition  at  that  temperature.  Thehydrated  salt  dissolves  in 
0*92  pts.  water  at  17^;  it  is  soluble  also  in  alcohol  of  ordinary  strength.  Its 
aqueous  solution,  when  boiled,  becomes  turbid  and  acid,  and  deposits  sulphate  of  barium, 
and  the  filtered  liquid,  saturated  with  carbonate  of  barium,  yields  parathionate  of 
barium,  isomeric  with  the  ethyl-sulphate  (iv.  354). 

The  cadmium-salt,  (C«H»)«Cd'(SO*)«.2H«0,|forms  long  limpid  prisms,  very  soluble 
in  water  and  in  alcohol,  insoluble  in  ether,  and  giving  off  their  water  of  crystallisation 
in  a  vacuum.  

The  calcium-salt  (C'H*)*Ca''(S0*)'.2H*0,  forms  monoclinic  crystals,  apparently 
isomorphous  with  the  barium-salt.  Dominant  faces  ooP,  ooPoo .  Angle  ooP  :  ooP 
(orthod.)  B  80®  8' (Schabus).  The  crystals  are  permanent  in  the  air,  and  contain 
11*7  per  cent,  water,  which  they  give  off  in  a  vacuum,  or  when  heated  to  80®.  One 
part  of  the  salt  dissolves  in  1  pt.  water  at  8®,  in  0*8  pt.  at  17°,  in  0*63  pt.  at  30®,  and- 
in  all  proportions  in  boiling  water.  The  salt  is  less  soluble  in  alcohtM,  insoluble  in 
ether.     Tne  anhydrous  salt  begins  to  decompose  at  about  ]  20°. 

The  cobalt-salt,  (C-H»)«Co"(S0«)«.2H-0,  forms  dark-red  crystals,  permanent  in  the 
air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  ct»^ric«a/^(C«H»)H:u''(S0*)«.4H«0,  crystallises  in  right  rectangular  prisms, 
or  lamins  of  a  fine  blue  colour,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  ferric  salt,  obtained  by  oissolving  ferric  hydrate  in  ethylsulphuric  acid,  cry- 
stallises with  difficulty  in  yellow  deliquescent  tables,  soluble  in  water  and  in  alcohol, 
insoluble  in  ether. 

The  ferrous  salt,  obtained  by  dissolring  metallic  iron  in  the  acid,  crystallises  in 
greenish  prisma,  whidi  alter  ver^- quickly. 
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Lead'»alt8.^The  normal  m/<,  (CH>)Pl/'(S0«)*.2HK),  eryirtalliMS  in  mlonrlcM 
trftDfiparent  tables,  vexy  soluble  in  water  and  in  alcohol,  and  having  an  acid  reoctioB. 
They  contain  7*28  per  cent,  water  of  crystallisation,  which  they  gire  dTin  a  Tacmun,  or 
when  heated.  They  undeivo  gradual  decomnoeition.  The  solution  of  this  salt,  digested 
with  recently  precipitated  oxide  of  lead,  yields  an  unciystallisable  basie  salt, 
(C*H*)*Pb''S^O*.Pb"0,  soluble  in  water  and  in  alcohol.  By  snperBatiinitiiig  tlie  solu- 
tion of  the  neutral  salt  with  ammonia,  evaporating,  redissolving  the  residue  in  water, 
and  again  evaporating,  scales  are  obtained  containing  lead  and  ammonia. 

The  lithium-Bait,  C'H^LiSOMIK),  forms  deliquescent  crystals. 

The  magnesium-salt,  (C«H*)«M^(S0«)«.4H»0,  forms  crystals  very  soluble  in 
insoluble  in  alcohol  and  in  ether,  and  containing  20'8  per  cent,  water  of 
half  of  which  goes  oif  at  80^,  the  rest  at  90<>. 

The  manganese-salt,  (C'H*)*Mn''(S0^)*.4HK),  forms  roseate  tables,  pennanent  in 
the  air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  mercuric  salt  is  very  unstable  and  deliquescent. 

The  nickel-salt,  (C>H*)'Ni''(S0<)*.2HH),  lerma  green,  very  soluble,  gianulsr  crys- 
tals. 

Ih^  potassium-salt,  CH*KSO\  crystallises  easily  in  large,  colourless,  anhydrous 

tables  or  laminse  belonging  to  the  monoclinic  system,  and  exhibiting  tbe  combination 

ocP  .  oP  .  [Poo  ].    Axes  a  :  6  :  r  «  0-6730  :  0*6149  :  1.    Angle  hie  «  80*»  27  . 

ooP:  ooP  (othod.)  -  86*>63';  [Poo  ]  :  [Poo  ]  «  60<>  30* ;  oP  :  ooP  -  96®  88'.  Cleavage 

perfect  parallel  to  oP  (Schabus).    It  has  a  sweetish  saline  taste,  dissolves  in  0*8  pts. 

water  at  17°  deliquesces  in  moist  air,  is  insoluble  in  absolute  alcohol  and  in  ether. 

The  silver-salt,  CH^AgSOMi^O,  forms  shining  scales,  which  dissolve  in  water 
and  in  alcohol,  and  do  not  give  off  their  water  of  crystallisation  till  raised  to  a  tempe- 
rature at  which  they  decompose. 

The  sodium-salt,  CH*NaSCH.H*0,  crystallises  in  hexagonal  plates,  which  contain 
10*78  per  cent  water  of  crystallisation,  effloresce  in  warm  air,  and  melt  to  a  oolonrless 
liquid  at  86°.  The  anhydrous  salt  does  not  melt  or  decompose  till  heattd  above  100^. 
It  dissolves  in  0*61  pts.  water  at  17°,  and  is  even  more  deuquescent  than  the  potas- 
sium-salt. 

The  «^r on ^ tf< m -^a //,  (C'H*)'Sr''(SO*)',  forms  anhydrous  crystals  reiy  soluble  in 
water. 

The  ur ante  salt  \%  yellow,  and  decomposes  between  60°  and  70^. — ^The  urancma  mU 
crystHllises  with  difficulty  and  is  deliquescent. 

The  zinc-salt,  rC'H*)*Zn"(SCH)<.2fl*0,  forms  large  colourless  tables,  very  soluble 
in  water  and  in  alcohol,  insoluble  in  ether. 

DiETHTLic  or  Neutral  Ethtlic  Sulphate,  or  Ethtlic  Ethtlsul- 
PHATE,  (C;=H»)«SO*  ^  (C»H»)«O.SO«.  Sulphuric  ether.  (Wetherill,  Ann.  Ch. 
Pharm.  Ixvi.  117.) — This  compound  is  produced  by  direct  combination  of  etfaylie 
oxide  with  sulphuric  anhydride ;  also  by  the  action  of  sulphuric  anhydride  on  abso- 
lute alcohol,  the  alcohol  being  first  dehydrated,  and  the  ether  thus  produced  uniting  with 
another  portion  of  sulphuric  anhydride. 

Preparation. — Vapour  of  sulphuric  anhydride  is  passed  into  a  flask  containing  ether 
and  surrounded  by  a  freezing  mixture.  The  vapour,  by  its  great  density,  sinks  to  the 
bottom  of  the  flask  and  comes  in  contact  with  the  ether,  and  the  liquid  after  a  while 
acquires  a  svrupy  consistency,  so  that  it  requires  to  be  shaken  up  with  an  equal  bnlk 
of  ether  and  four  times  its  bulk  of  water.  It  then  separates  mto  two  layers,  the 
upper  of  which,  containing  the  ethylic  sulphate,  must  be  separated  from  die  lower, 
which  is  strongly  acid,  and  contains  sulphuric,  sulphurous,  ethionic,  and  ethyl-sulphuric 
acids  (p.  625),  mixed,  if  the  temperature  has  not  been  kept  low  enough,  with  black 
carbonaceous  particles,  and  also  with  isethionic  and  metbionic  acids,  resultiiig  from 
the  decomposition  of  the  ethionic  acid.  The  ethereal  liquid  is  then  shaken  up  with 
milk  of  lime  to  remove  the  sulphurous  acid — whereby  part  of  the  colouring  matter  is 
at  the  same  time  removed — then  washed  with  water,  filtered,  and  Uie  ether  distilled 
off.  In  the  retort  there  remains  an  oily  liquid,  containing  a  trace  of  ether,  and  having 
a  slightly  acid  reaction,  arising  from  the  decomposition  of  part  of  the  ethylic  sulphate, 
which  takes  place,  when  the  liquid  is  heated,  by  the  action  of  the  water  taken  up  by 
the  ether.  The  oil  is  then  transferred  from  the  retort  into  a  basin,  and  washed  with  a 
small  quantity  of  wnter,  the  last  portions  of  which  are  carefully  removed  by  strips  of 
bibulous  paper,  after  which  tlie  liquid  is  dried  in  a  vacuum  over  sulphuric  acid. 

Proptrti<8. — Ethylic  sulphate  is  an  oily  liquid,  colourless  when  pure,  but  generally 
exhibiting  a  yellow  tint  It  has  a  sharp  taHte,  and  smells  like  oil  of  peppermint. 
Specific  gravity  11 20.  It  makes  greasy  spots  on  paper,  which  however  disappear 
after  a  while. 

1.  Dfconipositiont, — This  compound  is  very  easily  decomposed  when  heated  in 
contact  with  the  air,  so  that  it  can  only  be  distilled  in  an  atmospheie  of  ^r^Tbonif 
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• 

BKethytonlplrario  Aold,  (CH")HSO*.  SuIphometh^Ue  And.  (Da  mas  mud 
P^ligot,  Ann.  Ch.  Phys.  Iviii.  64;  Ixi.  199— Kane,  PhQ.  Mag.  Tii. 307.)— Piodaced 
in  laigo  quantity  by  mixing  1  pt  of  wood-spirit  with  2  pts.  of*  strong  sulphiiric  acid, 
the  mass  becoming  hot,  and  sometimes  crystfdlising  by  spontaneona  eraporation.  It  ia 
obtained  pure  by  completely  decomposing  a  solution  of  its  barium-salt  with  solphurio 
acid ;  also  (according  to  Liebig)  by  disisolying  neutral  methylic  sulphate  in  boiling 
water,  and  leaving  the  solution  to  evaporate.  It  forms  colourless  needles,  soluble  in 
water  and  in  alcohol,  and  very  unstable. 

The  methylsulphates,  CH'MSO\  are  all  very  soluble  in  water.  Thooe  of  the 
alkali-metals  yield,  by  distillation,  a  large  quantity  of  methylic  sulphate,  with  a  residue 
of  alkaline  sulphate : 

2CH»KS0«     «     (CH»)«SO«   +  K«SO«. 
When  distilled  with  other  salts,  they  yield  methylic  ethers  by  double  decomposition, 
jiist  like  the  ethylsulphates. 

The  barium-salt,  (CH»)«Ba''(S0«)«.2H«0,  obtained  by  satniatioga  miztoie  of  sul- 
phuric acid  and  wood-spirit  with  carbonate  of  barium,  is  deposited,  by  evaporation  in 
a  vacuum,  in  beautiful  nacreous  tables  or  laminae,  very  soluble  in  water.  The  ciystals 
are  monoclinic,  exhibiting  the  combination  oeP  .  ooPoo  . [<»?•]  .  oP  .  [Poo ].  Axes, 
a:  h'.c  ^  0-824  :  1907  :  1.  Angle  6  :  c  -  830  30' ;  ooP  :  ooP  (dinoA)  -  47**  0'  ; 
[Poo  ]  :  [Poo  ]  =  79®  20* ;  oP  :  ooP  -  92<»  36'.  Cleavage  perfect  paiallel  to  ooPoo  . 
(Scbabus).  By  dxy  distillation,  the  salt  yields  sulphurous  oxide,  inflammable  gaa. 
water,  and  neutral  methylic  sulphate,  leaving  sulphate  of  bariom  sUghtly  coloared 
with  charcoal. — An  isomer  of  this  salt  is  obtained  in  very  thin  prifms,  when  wood- 
spirit  which  has  absorbed  the  vapour  of  sulphuric  anhydride  is  diluted  with  water 
and  saturated  with  baryta-water. 

The  calcium-salt,  (CH*)'Ca"(SO*)*,  forms  anhydrous,  very  deliquescent  octahe- 
drons. 

The  lead-salt,  (CH>)'Pb''(SO<)*,  crystallises  in  long  prisms  containing  1  at.  water, 
or  sometimes  in  tables  containing  2  at.  water.  The  ciystals  are  vexy  solnUe  and 
deliquescent. 

The  potassium-salt,  CH'KSO^H'O,  forms  rhombic,  very  deliquescent,  monocHnie 
tables,  exhibiting  the  faces  oP  .  — P  .  ooP  .  [Poo  ].  Axes,  a:b:c^  0*742  :  0*779  : 1. 
Anglo  6  :  c  -  860  61';  ooP  :  ooP  (cUnod.)  «  87*>  16';  -P  :  -P  -  W®  16'; 
[Poo ]  :  [Poo]  »  40«>  60'.    (Schabus.) 

The  uranic  salt,  (CH«)*(U«0*)"(^S0<)«.H20,  obtained  by  precipitating  the  barium- 
salt  with  uranic  sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  is  depoeited  after 
some  time  in  very  deliquescent  crystals. 

DiMBTHYLic  or  Neutbal  Mbthtlic  Sulphatb,  (CH')*S0'.  Metk^Uul- 
phvric  Ether.  (Dumas  andP^ligot,  Ann.  Ch.  Phys.  [2]  Iviiu  32.) — ^Produced  bythe 
direct  combination  of  sulphuric  anhydride  and  methylic  oxide :  (CH')K)  +  SO*  » 
(CH')^SO*  ;  also  in  the  dry  distillation  of  methylsulphates. 

It  is  most  readily  prepared  by  distilling  1  pt.  of  wood-spirit  with  8  or  10  pts.  of 
strong  sulphuric  acid,  the  mixture  being  kept  m  a  state  of  gentle  ebullition;  washing 
the  oily  liquid  which  condenses  in  the  receiver,  with  water ;  agitating  it  with  chloride 
of  calcium ;  and  rectifying  it  several  times  over  finely-pounded  caustic  baryta. 

Methylic  sulphate  is  a  colourless  oil,  having  an  amaceous  odour  and  a  density  of 
1*324  at  22^  (Dumas  and  P^ligot);  1*386  at  ordinary  temperatures  (Bo deker, 
Jahresb.  1860,  p.  17).    It  boils  at  188°,  under  a  pressure  of  761  millimetres. 

It  is  slowly  decomposed  by  cold,  rapidly  by  boiling  water,  into  methylic  alcohol  and 
methylsulphuric  acid. — When  boiled  with  Malts,  it  yields  methylic  alcohol  and  an 
alkaline  sulphate. — By  distillation  with  fused  chloride  of  sodium,  it  vields  methylic 
chloride  and  sulphate  of  sodium;  with  henzoeUe  of  potassium,  methyuobenxoate  and 
sulphate  of  potassium  ;  with  formate  of  sodium,  in  like  mannner,  it  yields  methylic 
formate;  and  in  contact  with  sulphides  of  alkali- nut  al,\l  is  converted  into  methylic  sul- 
phide, (CH»)'S. 

Ammonia  converts  it  into  methylic  sulphamate  (sulphamethylane)  and  methylic 
alcohol : 

(CII«)'SO*   +  Nn«     =     CH*NSO«  +  (CH»)HO. 
This  reaction  is  totally  different  from  that  of  ethyl ic  sulphate  with  ammonia  (p.  625). 

Ootylanlplinrio  Aeid,  (C«H")HSO«.  Caprt/lsu/phurie  or  SuiphocapryUe  Acid, 
(Bonis,  Compt.  rend.xxxiii.  144;  xxxviii.  936.)— -Produced  by  gradually  mixing 2 pta. 
of  octylic  alcohol  with  1  pt  of  strong  sulphuric  acid,  keeping  the  mixture  cool  at  first, 
but  afterwards  assisting  the  action  by  a  gentle  heat.  It  then  separates  into  two  layers^ 
the  upper  of  which,  consisting  chiefly  of  octylsulphuric  acid,  may  be  diluted  with  water, 
and  neutralised  with  carbonate  of  barium,  calcium,  or  lead. 

The  pure  acid,  obtained  by  decomposing  the  lead-salt  with  sulphydrie  add,  or  the 
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If  this  decomposition  be  allowed  to  take  place  in  a  Tessel  from  whieli  air  is  exdaded, 
and  the  resulting  liquid  be  concentrated  over  the  water-bath,  in  a  flask  into  which  a 
stream  of  carbonic  acid  gas  is  continually  passed,  the  acid  is  obtainpd  ss  a  light-brovn 
iincry stall isable  syrup.     (Schmitt.) 

Paraphenylsulphuric  acid  decomposes  carbonates,  and  forms  salts  which  are  xerj 
soluble  in  water,  and  can  be  obtained  in  the  crystalline  state  only  by  eTaporating 
their  solutions  to  dryness. — The  barium-aalt,  C'*H"Ba''S*0»jrH«0,  requires  a  strong 
heat  to  decompose  it.  When  heated  with  solid  potash,  it  forms  sulphate  of  potassium, 
and  gives  off  phenol. — The  sUver-salt,  CH*AgSO*,  bears  in  the  d^  state  a  tolerably 
high  temperature  without  decomposition.  Both  these  salts  have  a  yellowish  or  biowniBh 
colour.     (Schmitt.  J 

Dibromophenylsulphuric  Acid,  C'H^r'SO^  is  produced  by  boiling  diaaodifan>- 
mophenylsulphurous  acid  {infra)  with  water.  By  saturating  its  aqueous  solutioo  with 
carbonate  of  ammonium,  adding  chloride  of  barium,  and  recrystallisin^  the  resultixig 
precipitate,  the  barium-salt  is  obtained  in  needle-shaped  oystals.     (Schmitt.) 

Appendix  to  Phenylaulphurie  Acid, 

FHEKTLSULPHniions  Acid,   (C'H*)HS0'. — ^To  the  description   of  this  scid 
already  giren  (p.  664),  we  have  to  add  the  following  results  obtained  bjFreund 
(Ann.  Ch.  Fharm.  cxx.  76): — Pure  benzene  (prepared  by  distilling  calcic  bensoate),  left 
in  contact  with  frequently-r^iewed  quantities  of  pure  strong  sulphuric  acid  at  OKdinsnr 
temperatures,  and  repeatedly  shaken,  dissolves  completely,  without  eiroIati<m  of  sul- 
phurous oxide ;  and  the  product  diluted  with  water  also  dissolves  perfectly,  forming  a 
clear  liquid  ;  and  by  neutralising  this  liquid  with  carbonate  of  banum,  filtering,  evapo- 
rating to  dryness,  redissolving  in  water,  and  again  concentrating,  pure  phen^^ulpkUi 
of  barium  is  obtained,    in    transparent   nacreous  laminie    or    tables,    containing 
C"H>«Ba"3'0*.2HK).     This  salt  is  slightly  soluble  in  akohol,  and  effloreaces  over  oil 
of  vitriol,  but  not  on  mere  exposure  to  the  air. — Cupric  phenyUulpkite,  C'^'^Ca'IS'O'. 
6H'0,  prepared  by  decomposing  the  barium-salt  with  cupric  sulpnate,  eraporating  the 
filtrate  to  dryness,  and  redissolving  in  alcohol,  crystaUises  from  a  hot  oonoentiated 
alcoholic  or  aqueous  solution,  on  cooling,  in  large,  thin,  tabular,  light-blna  aystsls, 
permanent  in  the  air ;  by  spontaneous  evaporation  of  the  aqueous  solution,  sJso  in 
well-defined  crystols.— The  silver-salt,  C*H*AgS0'.8H*0,  raoduced  by  precipitating  the 
barium-salt  with  sulphate  of  silver,  forms  tabular  crystalsy  soluble  m  water  and  in 
alcohol. 

Fhenylsulphurous  acid,  obtained  by  decomposing  the  cupric  salt  with  sniphnietted 
hydrogen,  crystallises  by  evaporation,  in  slender  very  oeliquescent  needles.  The 
aqueous  solution,  when  mstilled,  begins  to  decompose  as  soon  as  it  yttainff  a  syrupy 
consistence,  giving  off  sulphurous  oxide,  benzene,  and  sulphobenzide  (p.  486)^  which 
condenses  in  the  crystalline  form ;  the  distillate  also  contains  sulphurie  and  undecom- 
poscd  phenylsulphurous  acids,  while  a  black  liquid,  or  a  light,  shining,  carbonaceous 
mass,  IS  left  behind,  according  to  the  strength  and  duration  of  the  h^ing.  Phenyl- 
sulphurous acid  is  therefore  decomposed  by  distillation,  partly  by  assumption  of  1  st* 
water,  into  benzene  and  sulphuric  acid : 

C«H«SO»  +  H«0     =     C«H«   +   H'SO*; 

partly  into  sulphobenzide  and  sulphuric  add : 

2C«H«S0«     =     C"H><»SO«  +  H»SO^ 

At  the  same  time,  a  secondary  decomposition  takes  place,  attended  with  elimination  of 

sulphurous  acid  and  separation  of  carbon.    (Freund.) 

Paraphenylsulphurovs  Acid. — This  name  may  be  applied  to  an  uncrystalli- 
sable  modification  ^'  ~^ i—i-i -•  j  _-lx_:_-j     If —  ^.  ■»>*»•      . , .  , . 

Ch.  Pharm.  cxx. 
(Phenyl schwefsHure 

alcohol  under  pressure.— Its  barium-salt,  C*»H**i3a''S-0*urH*0,  is  soluble  in  water, 
slightly  soluble  in  alcohol,  gives  off  its  water  of  crystaUisation  at  110**,  and  decom- 
poses at  a  higher  temperature. — The  lead-salt,  C"H*«Pb''S*0*«rH*0,  is  a  coIoutIms 
crystalline  mass,  easily  soluble  in  water,  very  slightly  soluble  in  alcohol. 

Dibromophenylsulphurous  Acid,  C*H*Br*SO'  (Schmitt's  ZHbromopAenyl" 
schwefsdure),  is  produced  by  boiling  diazodibromophenylsulphnrous  acid  with  absolute 
alcohol  under  pressure.  By  evaporation  it  is  obtained  as  a  brown  liquid,  which  soli- 
difies after  some  time  to  a  crystalline  mass ;  and  by  precipitating  its  sc^ution  with 
acetate  of  lead,  decomposing  the  lead-salt  with  sulphuretted  hydrogen,  and  evaporating, 
it  may  be  obtained  in  needle-shaped  crystals  containing  1  at.  water ;  these  crystals 
melt  at  84® — 86®,  without  loss  of  water,  and  decompose  at  a  higher  temperature. 


2H=S0«   +    Na« 

SulphuroiM 
acid. 

a     NaUSO*   + 
Sodic  b>po- 
»u'pliite. 

NaHSO« 

Acid  sodic 
sulpliite. 

2H2CO«   +  Na« 
Carbonic 
acid. 

«     NaHCO«  + 
Sodic 
formate. 

NaHCO" 
Acid  sodic 
carbooate. 
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produced  by  the  action  of  aqueous  sulphurous  acid  on  pure  sulphur,  even  at  ordinmry 
temperatures,  but  more  readily  at  80°  or  90°  in  a  sealed  tube.  When  a  mixture  of 
fine^-dirided  cadmium,  sulphide  of  cadmium,  and  sulphur,  moistened  with  abeolute 
alcohol,  was  treated  with  sulphurous  acid,  sulphuretted  hydrogen  then  passed  into  the 
filtrate  after  the  sulphurous  acid  had  evaporated,  and  the  excess  of  Bulphnretted 
hydrogen  removed,  the  liquid  after  five  mondis  still  exhibited  the  roactions  of  hyposul- 
phurous  acid, — a  fact  which  confirms  H.  Rose's  statement  as  to  the  stability  of  that 
acid  in  dilute  solutions. 

Hyposulphite  s. — These  salts  may  for  the  most  part  be  regarded  either  as  analogous 
to  the  formates  (MHCO^),  and  represented  by  the  formulas  MHSO*  and  M"H«S«0*,  or 

as  hydrated  thiosulphates,  ^^  ^„  i  SO*.H*0,  derived  from  sulphates,  ^^  j^«  |  SO*,  by  the 

substitution  of  S  for  0  : 

M«S«0«.H«0      -     2MHS0« 
M"S«O«.H«0     =     M'H'SK)*. 

The  former  view  is  in  accordance  with  the  fact  established  by  H.  Hose,  that  nearly 
all  hyposulphites  contain  at  least  one  atom  of  hydrogen ;  also  with  the  fonnatioa 
of  hyposulphites  by  the  action  of  sodium,  zinc,  or  iron  on  aqueous  sulphurous  acid, 
just  as  sodic  formate  is  produced  by  the  action  of  sodium  on  carbonic  acid  (ii.  683)  : 

+   H«0. 

+   H«0. 

But,  on  the  other  hand,  hyposulphate  of  lead  contains  no  water  of  dystalliBation, 
and  may  be  rendered  completely  anhydrous  by  heating  to  100°  (Pape,  Jahresb.  1864, 
p.  67) :  it  cannot,  therefore,  be  re^irded  as  analogous  to  a  formate,  but  must  be 
represented  by  the  formula  Pb"S'0'.  The  potassium-salt  appears  also  to  be  capable 
of  crystallising  with  less  than  1  at  water.  The  dibasic  formula  M'SO'  is  also  more 
in  accordance  with  the  tendency  of  hyposulphurous  acid  to  form  double  salts. 

Hyposulphites  are  produced  : — a.  By  passing  sulphurous  oxide  through  a  solution  of 
an  alkaline  sulphide,  the  reaction  being  accompanied  by  deposition  of  sulphur ;  e^. : 

2Na«S    +   3S0«     -     2Na2SK)"   +  8 
2Na*S*   +   3S0«     =*     2Na«S«0«  +   S*; 

or,  better,  by  digesting  or  boiling  sulphur  with  a  solution  of  an  alkaline  sulphite; 
thus: 

Na'SO"  +   S     -     Na«S-0». 

fi.  By  boiling  sulphur  with  a  solution  of  alkaline  hydrate,  an  alkaline  pentasolphide 
being  formed  at  the  same  time ;  thus  with  calcic  hydrate : 

3CaH«0«  +   S"     «     CaSK)«   +   2CaS»  +   8HK). 

By  exposing  the  resulting  solution  to  the  air  till  it  becomes  colourless,  the  pentasul- 
phide  is  further  resolved  into  sulphur  and  hyposulphite : 

CaS»   +   0»     «     CaS»0'  +  S». 

In  this  manner  h^-posulphites  aro  obtained  from  gas-lime  refuse  and  ball-soda 
refuse,  which  contain  sulpnide  of  calcium. 

7.  By  the  action  of  certain  metals  on  aqueous  sulphurous  acid  (supra), 

9.  According  to  Bathko  and  Zschiesche  (J.  pr.  Chem.  xcii.  141),  hypoenlphitee 
are  produced,  together  witli  hyposulphatee  (dithionates),  when  selenium  is  dissolved  in  an 
alkaline  sulphite.  By  quickly  evaporating  such  a  solution,  recently  prepared  and  satu- 
rated, a  crystalline  mass  is  obtained,  coloured  red  by  separated  selenium,  and  consisting 
mainly  of  alkaline  sulphite  mixed  with  hyposulphate ;  and  the  solution  of  these 
crystals,  freed  from  selenium  by  filtration,  and  evaporated  (even  in  an  atmosphere  of 
hydrv^en).  again  deposits  selenium,  and  afterwards  a  mixturo  of  sulphite  and  hypo- 
sulphite. The  mother-liquor  of  the  first  crystals  also  leaves,  when  evaporated,  a 
certain  quantity  of  selenium,  and  a  ciystalline  mass  consisting  of  a  small  quantity  of 
sulphite,  and  a  large  quantity  of  hyposulphite  together  with  separated  sulphur. 

The  hyposulphites  of  the  alkali-metals,  alkaline  carth-metais,  and  magnesium  are 
soluble  in  water.  That  of  barium,  however,  is  only  slightly  soluble,  and  may  be 
obtained,  as  a  crystalline  precipitate,  by  mixing  the  solutions  of  baric  chloride  and 
sodic  hyposulphite. 

Solutions  of  hyposulphites  dissolve  chloride,  iodide  and  bromide  of  silva>,merciiroiis 
chloride,  iodide  of  lead,  sulphate  of  calcium,  and  sulphate  of  load.  Mercuric  iodide 
dissolves  in  cold  aqueous  hyposulphite  of  sodium,  and  the  solution  when  heated 
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not  be<»n  acted  upon  bj  light.  ^Tbe  sodiam-salt  is  also  Uigdy  mof^ajtd  mm  aa 
antichlore,  for  removing  the  last  traces  of  chlorine  from  bleached  fabrics.  On  the 
nse  of  Boluble  hyposulphites  as  mordants  in  calico-printing,  see  £.  Kopp  (DingL  poL 
J.  cl.  383). 

Bypoaolpbite  of  AmmoBluiB,  3(KH*)*SK>'.H'0  (Bammelsberg),  is  obtained 
bj  decomposing  the  calcium-salt  with  carbonate  of  ammoniam,  and  eepantes,  bj 
eraporation,  in  very  deliquescent  needles  or  ihombic  plates. 

Hypoaolpbit«  of  Barionif  Ba'S^O'.HK)  or  Ba'H^SK)S  is  obtained,  by  mixing 

the  solution  of  the  Mxliura-siilt  with  acetate  of  bariiun,  as  a  white  precipitate,  the 
separation  of  which  may  be  completed  by  addition  of  aloohoL  It  retains  its  water  of 
cr>-8talli$iation  with  great  tenacity  (H.  Rose,  Pogg.  Ann.  zxi.  437);  gi^^s  it  off  at 
216^  and  d«-com poses  at  220^—225®  (Pape).  The  anhydrous  salt,  when  heated  to 
redness,  p:ivfs  off  bulphur,  and  leaves  a  residue  of  sulphide,  sulphite,  and  sulphate  of 
barium  (^R  am  m  els  berg,  Pogg.  Ann.  Ivi.  300): 

eSa'S^O*     -     Ba'S    ♦   2Ba''S0«   +   3Ba''S0«   +    S«. 

BTpoanlpblte  of  Cadmlnin,  obtained  by  mixing  the  solutions  of  eadmic  sol- 
phate  and  baric  hyposulphite,  is  extremely  soluble  in  water  and  in  alcohol,  and  when 
concentrated  by  evaporation  decomposes  before  solidifying. 

Hypomilpliite  of  Caloimii,  Ca"SK)*.6HH),  or  Ca'H<S*0«.5HK). — This  calt  is 
usually  prepared  by  boiling  sulphur  with  milk  of  lime,  and  passing  snlphnroiis  acid 
gas  into  the  solution  of  calcic  sulphide  thereby  produced,  till  it  becomes  ooloozieas  and 
neutral : 

2Ca''S  +   3S0«     -     S   +   2Ca''S«0«. 

On  evaporating  the  solution,  at  a  temperature  below  60°,  the  hyposulphite  of  calcium 
crystallises  ouc  (He rschel).     This  process  is  used  on  the  laige  scale. 

The  sulphide  of  calcium  contained  in  soda-waste  or  gas-lime  may  be  oonTerted  into 
hyposulphite  and  sulphite  by  AtmdHpheric oxidation.  Messrs. To wn she  nd  and  Walker 
employ  for  this  purpose  the  soda-waste  obtained  in  the  lixiviation  of  crude  soda  (i.  793 ; 
T.  32'3  \  which  (x>ntain8  a  considerable  quantity  of  insoluble  calcic  sulphide.    The  oxida- 
tion is  effected  by  exposing  the  waste,  in  a  state  of  dampness,  to  the  air  for  some  days,  oc- 
casionally turning  it  over  and  sprinkling  it  with  water,  or  with  solution  of  calcic  snlphide. 
When  fully  oxidised  and  lixiviated  with  water,  it  yields  a  solution  of  calcic  hypoeQlphite 
and  sulphite,  the  former  salt  predominating.    If  the  product  is  lixiviated  before  the  oxi- 
dation is  complete,  a  yellow  solution  is  formed,  containing  sulphide  of  calcium  as  well 
as  sulphite  and  hyposulphite.     The  complete  oxidation  may  then  be  effected  by  CAOsing 
the  yellow  solution  to  percolate  slowly  through  a  tower  filled  with  lumps  of  coke,  and 
having  openings  at  the  lower  part  to  admit  the  air.     The  sulphite  and  hyposulphite 
of  mlninn  thus  produced  may  be  obtained  in  the  solid  form  by  evaporation,  or  njerely 
brought  down  to  the  state  of  concentrated  solution,  and  in  eith»  case  used  as  an  anti- 
chlore.     Or  the  solution  may  be  mixed  with  sulphate  of  sodium,  whereby  a  solution  of 
sodic  sulphite  and  hy^iosulphite  is  obtained,  together  with  a  precipitate  of  calcic  sul- 
phate Containing  small  quantities  of  sulphite  and  hyposulphite.   This  precipitate,  dried 
Ht  a  temp<*niture  not  exceeding  100®  C,  constitutes  the  product  called  "  precipitated  an- 
tichlore.'*   It  has  been  found  very  valuable  in  the  manufacture  of  paper,  as  the  hydrated 
calcic  sulphate  gives  weight  and  body,  while  the  sulphite  and  hyposulphite  destroy 
any  chlorine    present    in   the  *paper-pulp  (see    Richardson    and  Watts's   Ckemieal 
TechrniUtgf/t  vol.  i.  pt.  iii.  p.  39).— A  somewhat  similar  process  has  been  pat«[ited  by 
J  u  1 1  i  o  n  ( ihid.  p.  42),  who  however  subjects  the  calcic  sulphide  contained  in  soda-waste 
or  pa8-lime  only  to  partial  oxidation,  whereby  he  obtains  a  yellow  solution  called  "  sul- 
phuretted hyposulphite  of  limn,"  consisting  chiefly  of  calcic  sulphide  and  hyposulphite. 
This  solution  may  be  decomposed  by  a  strong  acid,  whereby  sulphur  is  precipitated, 
and  a  mixture  of  sulphurous  and  sulphydric  acid  gases  is  eiven  off,  which  may  be 
utilised  in  various  ways;  or  the  solution  may  be  treated  with  sulphurous  acid  gas, 
whereby  sulphur  is  precipitated,  and  the  whole  of  the  calcic  sulphide  converted  into 
hyposulphite*. 

Hyposulphite  of  calcium  may  also  be  prepared  by  decomposing  chloride  of  calcium 
with  hyposulphite  of  sodium,  in  hot  concentrated  solution.  The  liquid,  as  it  cools, 
deposits  a  large  quantity  of  sodic  chloride ;  and  if  it  be  then  concentrated  at  a  tempe- 
rature below  «50  ,  and  allowed  to  cool  to  30®,  after  all  the  sodic  chloride  has  separated 
out,  it  yields  crj'stals  of  pure  calcic  hyposulphite.     (Kessler.) 

Hyposulphite  of  calcium  crybtallises  in  large,  eight-sided,  triclinic  prisms,  exhibiting 

the  combination  <xP,  .  oo^t  .  ocfao  .  ooPoo  .  oP  (Kopp's  KrystaHr-ffrapkir,  2ta 
Auflage,  p.  239).  It  is  easil}'  soluble  in  water,  and  is  oecomposed,  on  heating  the 
solution  to  60°,  into  sulphate  of  calcium  and  free  sulphur. 
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obtained  by  precipitating  the  solution  of  one  of  the  alkaline  double  salts  with  acetate 

of  barium. — Calcio-plumhic  hypositiphite,  Pb^Ca'S'O'.^H'O,  is  obtained  in  like  manner 
as  a  crystallo-granular  precipitate. — Potassio-plumbic  hypostdphite,  Pb"K*S*0*.2H'0, 
is  prepared  by  agitating  the  recently  precipitated  lead-salt  with  a  dilute  and  warm  (but 
not  boiling)  solution  of  potassic  hyposulphite.  On  cooling,  the  entire  liquid  solidifiea 
to  a  thick  magma  of  small  crystals,  which  must  be  purified  by  expressing  the  mother- 
liquor,  as  they  are  decomposed  by  solution  in  water,  the  simple  lead-salt  then  sepa- 
rating in  crystalline  spangles.  The  double  salt  dissolves  easily  in  hyposulphite  of 
potassium,  and  the  lead  is  but  slowly  precipitated  from  the  solution  by  sulphuric  acid, 
sulphur  being  precipitated  at  the  same  time ;  the  solution  is  not  precipitated  by 
soluble  sulphates. — Sodio-pluinhic  hyposulphite  is  prepared  in  a  similar  manner.  The 
strontio-plumbic  salt  is  not  cr^^stallinc,  but  separates  from  solution  as  a  syrupy  mass. 

Byposulpbite  of  Mairnesiam,  M^^S^OIGH^O  or  Mg'H*S'0<.5H>0,  is  prepared 
by  boiling  a  solution  of  magncsic  sulphite  with  sulphur,  and  evaporating  over  oil  of 
vitriol.  It  forms  small  triclinic  crystals,  permanent  in  the  air,  and  easily  soluble. 
'When  heated,  it  melts,  gives  off  water,  sulphur,  and  sulphurous  acid,  and  leaves  when 
ignited  a  mixture  of  magnesic  sulphate  and  sulphite  with  pure  magnesia.  Jullion 
prepares  it  by  boiling  pulverised  soda-waste  or  gas-lime  with  carbonate  of  magnesium, 
whereby  carbonate  of  calcium  and  insoluble  sulphide  of  magnesiiim  are  produced, 
rendering  the  latter  soluble  by  boiling  it  with  sulphur  or  an  alkaline  polysulphidc, 
and  converting  the  soluble  sulphide  of  magnesium  into  hyposulphite  bv  treating  tho 
solution  with  sulphurous  acid. — Ammonio-magnesic  hyposulphite,  ]Si^f*(NH*)*S*0*. 
6H'0,  is  obtained  by  decomposing  ammonio-magnesic  sulphite  with  hyposulphite  of 
strontium.  The  concentrated  solution  becomes  turbid  when  heated,  and  when  cooled 
below  the  freezing-point  of  water,  deposits  very  deliquescent  crystahi  (K easier). — 
Potassuhmagmsic  hyposulphitf,  Mg"K^S*0'.6H'0,  is  deposited  fix>m  a  hot  solution  of 
equivalent  quantities  of  potassic  and  magnesic  hyposulphites,  in  very  soluble  deliques- 
cent crystals,  which  may  be  obtained  of  considerable  size  by  immai^ing  previously- 
formed  crystals  in  the  concentrated  solution. 

Bypoaulplilte  of  Masffanese  is  known  only  in  solution,  and  is  produced  by 

decomposing  the  barium-  or  strontium-salt  with  manganous  sulphate ;  also  (according 
to  Kammelsberg)  by  dissolving  recently  precipitated  sulphide  of  manganese  in 
aqueous  sulphurous  acid.  It  is  decomposed  by  evaporation  into  Bulphor  and  man- 
ganous sulpnur. 

Byposulpliltes  of  Meronrj. — Potassio-mercuric  hyposulphiUt  rig'E'^S^K)*',  is 

produced  by  dissolving  mercuric  oxide  in  hyposulphite  of  potassium.  The  liquid 
becomes  warm,  and  on  cooling  deposits  the  double  salt  in  colourless,  sparingly  soluble 
prisms.    Acids  decompose  it,  separating  sulphur  and  sulphide  of  mercury.    Iodide  of 

Esium  does  not  precipitate  mercuric  iodide  from  the  solution. — Ammfmio-mtrcurid 
ulphitef  which  is  very  easily  decomposible,  is  separated  from  ita  wdotion  by 
:>1  in  colourless  prisms. — The  sodio-mercuric  salt  is  not  crystallisable. 

Byposulpbite  of  Blckel,  Ni"S'0'.6H'0  -  Ni'^*S>0*.5HH),  prepared  like  the 
cobalt-salt,  separates,  by  evaporation  over  oil  of  vitriol,  in  men  triclimcerjBtala,  which 
when  heated  give  off  water,  sulphur,  and  sulphurous  acid,  leaving  sulphide  of  nickel. — 
Ammoniacal  Hyposulphite  of  Nickel,  Ni"S'0".4NH*.6H'0,  is  obtained,  as  a  blue  cnrttal- 
line  powder,  when  the  blue  ammoniacal  solution  of  the  preceding  salt  ia  mixed  with 
alcohol.    It  decomposes  quickly  when  exposed  to  the  air. 

ByposnlpliiteB  of  Plattniiin. — Neither  platinous  nor  platinic  sulphite  is  known 
in  the  separate  state. — Sodio-platinous  hyposulphite,  Pt''NaW)".10H*O,  is  produced 
by  dissolring  ammonio-platinous  chloride  in  a  strong  solution  of  sodie  hypotulnhite ; 
and  may  be  separated,  by  addition  of  absolute  alcohol,  as  a  dense,  yellow,  ofly  uquid, 
which  gradually  solidifies  to  a  yellow  crystalline  mass.  When  purified  bj  two  more 
precipitations  with  alcohol,  it  forms  a  yellow  noncrystalline  mass,  very  soluble  in  water. 
Its  solution  is  decomposed  by  hydrochloric  acid,  slowly  in  the  cold,  quickly  when 
heated,  with  deposition  of  platinous  sulphide  and  evolution  of  sulj^urons  oxide.  It 
is  not  decomposed  by  caustic  soda,  or  by  sulphuretted  hydrogen.  (Schottl&nder, 
Ann.  Ch.  Pharm.  cxl.  200 ;  Bull.  Soc.  Chim.  1867,  i.  403.) 

Byporalpblte  of  PotaMlnm,  K»S*0*.— This  salt,  which  ciystallisfe  with  Tariona 
proportions  of  water,  is  prepared  by  boiling  a  concentrated  solution  of  potaasio 
sulphites  with  excess  of  sulphur,  or  by  adding  a  hot  solution  of  potassic  dichromate  bj 
nmall  portions  to  a  hot  solution  of  potassic  pentasulphide,  waiting  after  each  addition 
till  the  separated  chromic  oxide  has  acquired  a  pure  green  colour  (D  opping;  Kes  si  er). 
If  the  solution  obtained  by  either  of  these  methods  be  evaporatea  to  80^,  the  salt 
crystallises  in  very  thin  four-sided  prisms,  containing  3K*SP0« JIH).    Theee  oystals 
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gas-lime  (p.  632)  with  carbonate  of  Bodium,  and  evaponitinff  the  filtered  solation  to 
the  crystallising  point.   (Richardson  and  Watts's  Chemical  Technology,  voL  i.  pL  It. 

P-  185.) 

Hyposulphite  of  sodium  forms  large,  well-defined,  monoclinic  czTstals,  osiiallj  euu- 

biting  the  combination  <xP  .  [  ooP2]  .  [  ooPoo  ]  .  oP  .  [Poo  ],  also  with   +   P  and 

other  faces  subordinate.     Axes  a  :  6  :  c  -  2-8607  :  1  :  0-7826.    Angle  6  :  c  —  76°  2*; 

ooP  :  ooP(orthod.)  =   37°   36';  [ odP2]  :  [ooP2]  (orthod.)  -  68^  80';    [Poo]   : 

SPoo  ]  (clinod.)  -  150°  10'.  The  crystals  have  a  specific  gravity  of  1-672  (Buignet), 
issolvo  easily  in  water,  but  are  insoluble  in  alcohol  Respecting  the  specific  gjnmtf 
of  iU  solutions,  see  Schiff  (Jahresb.  1859,  p.  41).  The  aqueous  solution  cannot  be 
preserved  unaltered  even  in  closed  vessels,  but  deposits  sulphur,  and  is  partly  con- 
verted into  sulphate  of  sodium ;  in  contact  with  the  air,  it  is  gradually  but  compl^ely 
oxidised  to  sulphate.  The  dry  salt  when  heated  gives  off  sulphur,  and  leaves  a  inixtiire 
of  sulphide  and  sulphate  of  sodium.  The  crystals  melt  in  their  water  of  crystallisation 
at  56^  ;  and  if  the  fusion  be  performed  in  a  small  glass  flask,  the  temperatore 
raised  to  the  boiling-point,  the  fiask  then  immediately  closed,  and  left  to  cool  quickly 
on  a  surface  which  conducts  heat  slowly,  the  salt  will  remain  liouid  even  at  ordinary 
temperatures ;  but  on  immersing  the  bulb  of  a  thermometer,  or  drojpping  a  crystal  into 
it,  the  whole  will  instantly  solidify  to  a  crystalline  mass,  with  a  nse  of  tempemtuie 
which  may  amount  to  25°.     (Bottger.) 

A  saturated  solution  of  sodic  hyposulphite  dissolves  gypsum  with  moderate  fbcility 
at  ordinaiy  temperatures,  more  quickly  when  gently  heated,  forming  a  sodio-calcie 
hyposulphite,  which  is  precipitated  by  alcohol,  together  with  excess  of  sodie  hypo- 
sulphite, as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  crystals,  lliis 
reaction  affords  the  means  of  separating  sulphate  of  calcium  from  sulphate  of  barinm, 
which  is  not  dissolved  by  hyposulphite  of  sodium  (Die hi,  J.  pr.  Chem.  Ittit.  430; 
Jahresb.  1860,  p.  78).    For  the  reactions  with  other  metiUlic  salts,  see  p.  631. 

Byposnlpliite  of  Strontliiin,  Sr 'S'0'.6H'0,  is  prepared  like  the  hatium-salt. 
Alcohol  precipitates  it  from  its  solution  in  needles  having  a  silky  lustre;  but  even 
without  the  aid  of  alcohol,  it  separates  in  very  large  crystals.  It  retains  1  aL  water 
at  180®,  and,  according  toKessler,  the  monohydrated  salt  is  likewise  obtained  in 
small  crystals,  by  evaporating  the  solution  at  or  above  60°. 

Bjrposnlplilte  of  Thalllnm  and  Sodium,  Tl^Na^S'^O'MOHK)  or  2T1'SK)'. 
SNa^S'O'.lOH^O,  is  formed  by  dissolving  chloride  of  thallium  in  boiling  aqueous 
hyposulphite  of  sodium,  and  crystallises  in  long,  silky,  intcriaced  needles,— or  from  a 
small  quantity  of  water  in  small  granules  (containing  an  unknown  amount  of  water). 
At  a  red  heat,  it  is  resolved  into  sulphide  of  sodium,  sulphate  of  sodium,  and  sulphide 
of  thallium.     (G.  Wert  her,  J.  pr.  Chem.  xci.  386.) 

Byposulpliite  of  Zinc*  Zn^'SK)",  is  produced  by  decomposinff  the  barium-salt  with 
sulphate  of  zinc ;  also,  though  with  difficulty,  by  passing  sulphurous  acid  gas  into 
water  in  which  sulphide  of  zinc  is  suspended  (Rammelsberg);  also,  together  with 
sulphite  of  zinc,  by  dissolving  zinc  in  aqueous  sulphurous  add  TMitscherlich). 
The  sulphite  crystallises  out,  and  may  be  completely  removed  by  alcouol;  or  (according 
to  Berzeli  u  s),  it  may  be  wholly  converted  into  hyposulphite  by  digesting  the  solution 
with  sulphur. 

Hyposulphite  of  zinc  cannot  be  obtained  in  the  ciystalline  form,  but  (according  to 
K  one)  it  is  precipitated  by  anhydrous  ether  from  its  aqueous  solution,  as  an  oily  liquid, 
which  dries  up  in  a  vacuum  to  a  gummy  deliquescent  mass.  The  concentrated  solution 
is  gradually  decomposed  by  exposure  to  the  air,  sulphide  of  zinc  being  separated,  while 
trithionate  of  zinc  remains  in  solution:  2Zn"S'0'  -  Zn''S  +  Zn^S'O*  (Fordo  s  and 
G^lis,  Gompt  rend.  xvi.  1070).  The  solution  is  also  decomposed  by  heat  into  snl- 
phuric  acid,  sulphurous  acid,  sulphide  of  zinc,  and  sulphate  of  zinc 

Hyposulphite  of  Zinc-ammonium^  (N'H*2jn)"S^0*,  is  produced  by  heating  hyposul- 
phite of  zinc  with  ammonia,  and  separates  from  the  solution  in  slender  crystuiB.  (Kam- 
melsberg.) 

Bittalonic  Compomida. 

DiTHioNicor  Htposulphuric  Acid,  H'S*0*.  (Welterand  Gay-Lussac, 
Ann.  Ch.  Phys.  [2],  x.  312. — Heeren,  Pogg.  Ann.  vii.  66. — Rammelsberg,  t'M. 
Iviii.  296.) — This  acid,  discovered  by  Welter  in  1819,  is  produced  as  a  manganous  salt 
by  the  action  of  aqueous  sulphurous  acid  on  manganic  peroxide : 

MnO«  +   2H«S0"     =     Mn'S^O*  +   2H»0. 

To  prepare  the  acid,  sulphurous  oxide  gas  is  passed  through  water  in  which  finely* 
diviaed  manganic  peroxide  is  suspended,  as  long  as  it  conb'nues  to  be  absorbed. 
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8chi  f  f),  bj  decomposing  the  barinm-salt  with  a  calenlaied  quantity  of  sodie  milphate. 
Kraut  (Ann.  Ch.  Pharm.  cxriii.  95),  by  mixing  equivalent  quantities  of  banc  and 
Bodic  dithionates,  obtained  large  transparent  crystals,  with  cunred  edges  and  conrez 
faces,  containing  Ba"Na^S*0''.4H'0,  which  were  permanent  in  the  air,  ^d  notrcnolved 
into  the  component  salts  by  rocrystallisation ;  he  regards  the  salt  obtained  by  Schiff  as 
merely  a  mixture. 

Dithionate  of  Cadmium  is  obtained,  as  a  crystalline  deliquescent  mass,  by 
evaporating  a  solution  of  the  carbonate  in  dithionic  acid  (Heeren).  It  dissolves  in 
ammonia,  and  the  solution  on  cooling  yields  a  crystalline  powder,  consisting  of  the 
salt  Cd''S^0*.4NH'  mixed  with  hydrate  of  cadmium.    (H a m m e  1  s berg.) 

Dithionate  of  Calcium,  Ca''S*0*.4HH),  prepared  like  the  barium-salt,  crystal- 
lises by  spontaneous  evaporation  in  tabular  cr3r8tal8,  belonging  to  the  hexagonal  system 
and  exhibiting  the  combination  oP  :  P  {fig.  239,  ii.  139).  Lengthof  principal  axis  » 
1-485.  Angle  P  :  P  (terminal)  »  1280  49' ;  P  :  P  (lateral)  -  119«>  30'.  According 
toNorrenberff,  they  are  optically  negative.  They  are  permanent  in  the  air,  and  in- 
soluble in  alcohol.     (Ueeren.) 

The  Dithionatea  of  Cerium,  Lanthanum,  and  Didymium,  obtained  by 
double  decomposition,  are  crystallisuble. 

Dithionate  of  Chromium,  (VS'O^,  is  obtained  by  dissolving  dmunic  hydrate 
in  aqueous  dithionic  acid. 

Dithionate  of  Cobalt,  Co"S'0'.6lI'0,  separates  on  evaporation  in  roae-ooloured 
crysttib  (Heeren).  By  treating  the  solution  with  ammonia  and  evapontinff,  Ram- 
melsberg  obtained  the  salt  CoH)'.2S'0*.10Nn',  in  small  rectangular  prisms,  which  after 
a  while  turned  brown,  and  lost  their  lustre. 

Dithionatea  of  Copper. — The  normal  cupric  salt,  Cu''S*0*.4H*0,  forms  small, 
rhombic,  efflorescent  prisms. — A  basic  salt,  Cu''S'''0*.3Cu"0.4H'0,  is  obtained,  as  a  blue- 
green  precipitate,  on  mixing  the  solution  of  the  normal  salt  with  a  small  quantity  of 
ammonia  (Heeren). — An  ammoniacal  cupric  dithionate,  Cn"S'0'.4KH',  is  obtained  in 
thin,  tabular,  violet-blue  prisms  with  oblique  end-faces,  by  supersaturating  the  solntion 
of  the  normal  cupric  salt  with  ammonia.    (Heeren.) 

Dithionatea  of  Iron. — A  bcMC  ferric  dithionate  is  produced  (aoeordinff  to 
Heeren),  by  treating  recently  precipitated  ferric  hydrate  with  the  aqneons  add,  which, 
however,  dissolves  but  little  of  it,  the  greater  part  being  converted  into  an  insoluble, 
brown,  basic  salt. — The  ferrous  aalt,  Fe''S^0*.5H'0,  obtained  by  double  decomposition, 
crystallises  on  evaporation  in  oblique  rhombic  prisms,  having  the  colcmr  of  ferrous 
smphate. 

Dithionate  of  Lead,  Pb"S'0*.4H'0,  prepared  by  dissolving  carbonate  of  lead  in 
aqueous  dithionic  acid,  forms  large  crystals  belonging  to  the  hexagonal  system,  isomor- 
phous  with  the  calcium-  and  strontium-salts,  but  exhibiting  also  me  face  jP,  occurring 
nemihedrally  with  P.  The  crystals  are  permanent  in  the  air,  optically  uniaxial  ^a 
positive  (Norrenberg).  The  solution  of  this  salt  mixed  with  a  quantity  of  am- 
monia, not  sufficient  for  its  complete  decomposition,  yields  slender  needles  of  a  <f t- 
plumf/ic  salt,  Pb"S-0*.Pb''0 ;  with  an  excess  of  ammonia,  a  still  more  basic  salt  is 
produced.     (Heeren.) 

Dithionate  of  Lithium,  Li^S-0^2HK),  forms  indistinct  crystals,  easily  soluble 
in  water,  insoluble  in  alcohol.    (Rammelsberg.) 

Dithionate  of  Magnesium,  Mg''S'0*.6H'0,  forms  six-sided  tables,  permanent 
in  the  air,  and  very  soluble  in  water. 

Dithionate  of  Manganese,  Mn"S'0*.6HK),  prepared  as  already  described 
(p.  636),  crystallise?,  by  spontaneous  evaporation,  in  rose-coloured,  mostly  indistinct, 
rleliquescent  cryHtals  (Marignac).  According  to  Kraut  (Jahresb.  1861,  p.  118), 
it  forms  cryKtal»  containing  3  at.  water.  According  to  Gut  he,  these  crystals  are  tri- 
metrie,  exhibiting  the  combination  P  .  ool^oo  .  oor2.  Angles  P  .  P  in  the  terminal 
edges  =  90°  32'  and  139°  36';  whence  ocP  :  ooP  (macr.)  -.  31°  6* ;  <xf2  :  ODfti 
(macr.)   =  91°  13'. 

Dithionates  of  Mercury. — The  mercuroua  aalt,  Hg-S^O*,  separates  in  colourless 
indistinct  cr}'8talH,  on  evaporating  a  solution  of  recently  precipitated  mercurous  oxide 
in  the  aqueous  acid.  It  dissolves  with  difficulty  in  cold  water,  and  is  decomposed  by 
hot  water.  When  heati>d,  it  is  resolved  into  mercury,  sulphurous  oxide,  aud  sulphate  of 
mercury  (Rammelsberg). — A.  basic  mercuric  dithionate  appears  to  be  formed  by 
digesting  aqueous  dithionic  acid  with  excess  of  mercuric  oxide. 

Dithionate  of  Nickel,  Ni''S'0'.6H'0,  separates  by  spontaneous  evaporation  in 
laige,  thin,  green  prisms.  Its  solution  mixed  with  ammonia  deposits  the  ammoniacal 
salt,  Ni"SK)^.6NH*,  as  a  blue  powder,  which  crystallises  from  solution  in  warm  aqueooa 
ammonia,  in  tabular  prisms  of  a  fine  violet-blue  colour ;  it  is  decomposed  by  water. 
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potassic  trithionate,  after  which  it  becomes  colourless,  no  longer  smells  of  snlphnitnis 
acid ;  and  if  again  saturated  with  hyposulphite,  and  treated  with  sulphurous  acid,  will 
yield  a  fresh  quantity  of  the  trithionate.  To  purify  this  salt,  it  is  dissolved  in  water 
of  60°  or  70° ;  and  the  solution,  freed  from  sulphur  by  filtration,  is  mixed  with  eight 
times  its  volume  of  alcohol  of  84  per  cent.,  then  gently  warmed,  and  left  to  eiystallisa 
by  cooling  (Plessy,  Ann.  Ch.  Fhys.  [3],  xx.  162). — According  to  Rathke  (Jahreeb. 
1864,  p.  164),  a  mixed  solution  of  hyposulphate  and  acid  sulphite  of  potassium,  yields 
veiT  pure  crystals  of  the  trithionate.  Kathke  has  also  observed  that  the  solution 
which  yields  these  crystals  is  not  precipitated,  or  but  very  slightly,  by  mercuric 
cyanide  at  the  boiling  heat,  whereas  this  salt  forms  an  immediate  precipitate  in  a 
solution  of  the  crystals  themselves,  even  when  very  dilute ;  further,  that  Uie  origina] 
solution,  if  not  too  concentrated,  does  not  deposit  sulphur  on  boiling,  whereas  the 
solution  of  the  crystals  themselves  deposits  it  immediately.  Hence  Rathke  concludes 
that  the  trithionate  is  not  contained  in  the  original  solution,  but  is  formed  only  at  the 
moment  of  crystallisation :  this  appears  also  to  be  the  case  in  the  preparation  of  the 
salt  by  Langlois's  method. — According  toLanglois,a  solution  of  sulphide  of  potassium 
may  be  used  in  the  preceding  mode  of  preparation,  instead  of  the  hyposulphite. 

3.  Chancel  and  Diacon  (Compt.  rend.  Ivi.  720)  prepare  trithionate  of  potassium 
by  converting  2  pts.  of  potassic  nydrate  into  acid  sulphite,  and  1  pt,  into  mono- 
sulphide  ;  then  pouring  the  former  solution,  with  agitation,  into  the  latter ;  saturating 
the  mixture  witn  sulphurous  acid,  evaporating  quickly  in  thin  layers,  and  dissolving 
the  separated  salt  in  water  of  60°  mixed  with  a  little  alcohol.  The  filtered  solution, 
on  cooling,  deposits  the  trithionate  in  prismatic  crystals.  Its  formation  is  represented 
by  the  equation : 

4KHS0»  +  K«S  +  4S0«     -     3K«S«0«  +  2HH). 

Trithionic  acid  separated  from  the  concentrated  solution  of  its  potassium-oalt 
by  precipitating  the  potassium  with  an  equivalent  quantity  of  tartaric,  perchloric,  or 
silicofluoric  acid,  is  a  limpid  inodorous  liquid,  having  a  sour  and  somewmtt  harsh  and 
bitter  taste.  It  is  permanent  in  the  dilute  state;  but  on  attempting  to  oonoentnte  it 
in  a  vacuum  over  oil  of  vitriol,  it  begins  to  decompose,  even  at  0®,  snlphunms  oxide 
being  evolved,  sulphur  deposited,  and  sulphurous  acid  remaining  in  solntion :  at  80® 
the  decomposition  takes  place  more  quickly.  By  nitric,  cklone,  or  iodic  add,  it  is 
immediately  converted  into  sulphuric  acid,  with  separation  of  sulphur.  When  boiled 
w'lih potash,  it  is  converted,  according  to  Kessler,  into  hyposulphite  and  solphate  of 
potassium,  as  shown  by  the  equation : 

H»S«0«  +   4KH0     =     K«S«0"  +  K*SO*  +   3H»0. 

According  to  Fordo s  and  G^ lis,  the  products  of  the  decomposition  are  hyposulphite 
and  sulphite. 

The  trithionates  M^S*0*  and  M^S'O*,  are  but  little  known ;  they  appear,  however, 
to  be  all  soluble  in  water,  and  are  characterised  bv  extreme  instability.  When  heated 
to  redness,  or  boiled  with  water,  either  alone  or  with  addition  of  the  add,  they  are  con- 
verted into  sulphates,  with  evolution  of  sulphurous  oxide  and  deposition  oi  sulphur. 
Nitric  acid  and  chlorine-water  also  quickly  convert  them  into  sulphates. 

A  solution  of  silver-nitrate  forms,  in  a  solution  of  potassic  trithionate,  a  whit« 
precipitate,  which  gradually  turns  black. — Mercurous  nitrate  immediately  forms  a 
black  precipitate,  which  after  a  while  becomes  perfectly  white,  and  does  not  afterwards 
change  colour  on  boiling.  With  a  small  quantity  of  mercurous  nitrate,  however,  a 
permanently  black  precipitate  is  formed. — Mercuric  chloride  in  small  quantity  produces 
a  black  ;  in  excess,  a  white  precipitate. — Mercuric  cyanide  forms  no  nrecipitate  at 
firsts  but  after  some  time  a  yeUow  precipitate,  which  turns  black  gradually  in  the 
cold,  immediately  on  boiling. — Cupric  sulphate  boiled  with  potassic  trithionate  pro- 
duces an  immediate  separation  of  sulphide  of  copper. 

Trithionate  of  Ammonium  is  produced,  together  with  sulphate,  by  satuxating 
dry  ammonia-gas  with  dry  sulphurous  oxide,  and  dissolving  the  product  in  water. 

Trithionate  of  Barium^  Ba"S'0'.2lI'0,  is  produced  (according  toKessler)  by 
saturating  the  acid  with  carbonate  of  barium,  and  mixing  the  solution  with  a  large 
excess  of  absolute  alcohol  The  salt  then  separates  in  shining  lamine.  Its  aolution 
decomposes  very  easily,  depositing  sulphate  of  barium. 

Trithionateof  Potassium,  K'S'O*,  prepared  as  above  described,  cxystallises  in 
four-sided  prisms  bevelled  with  two  faces.  It  has  a  slightly  saline  and  bitter  taste, 
and  is  insoluble  in  alcohol.  The  aqueous  solution  is  neutral,  and  is  decomposed  bj 
heat  into  sulphur,  sulphurous  oxide,  and  sulphate.  The  dry  salt  decomposes  in  like 
manner  at  1 25°.  According  toChancel  and  I)  i  a  c  o  n,  it  is  converted  by  monosolphide 
of  potassium  into  hyposulphite,  without  separation  of  sulphur : 

K*S"0«  +  K'S     -     2K*SH)\ 


642  SULPHUR:  OXYGEN-ACIDS  AND  SALTS. 

Tetrathionates  of  Copper. — The  cuprie S4dt  has  not  been  obtained  in  the  solid 
form.  Its  solution,  when  concentrated  in  a  yacuam,  deposits  a  large  qnantitj  of  brown 
shining  scales,  whilst  sulphuric  acid  and  cupric  sulphate  remain  in  solution. — The 
cuprous  salty  Cu'S^O',  is  produced  by  the  action  of  hyposulphite  of  barium  on  sulphide 
of  copper.  It  decomposes  easily,  even  at  ordinary  temperatures,  and  still  more  when 
heated,  into  cupric  sulphide  and  sulphuric  anhydride :  Cu'S*0*  «  2Cu''S  -¥  280*. 
(Chancel  and  Diacon.) 

Tetrathionateof  Iron  (ferrous),  Fe"S*0*,  is  produced  by  the  action  of  a  ferric 
salt  on  ferrous  hyposulphite  :  it  is  resolved  on  evaporation  into  ferrous  sulphate,  sul- 
phurous acid,  and  sulphur.     (Fordos  and  G^lis.) 

Tetrathionate  of  iearf,  Pb''S'0*.2H*0,  cannot  be  ciystallised  by  evaporation, 
.  but  separates  in  shining  needles,  on  adding  alcohol  to  the  mixed  oonoentrated  solutions 
of  plumbic  acetate  and  tetratbionic  acid.    (K  e  s  s  1  e  r.) 

Tetrathionate  of  Nickel  \B  obtained,  as  a  deliquescent  mass,  by  evaporatiiig  its 
solution  in  a  vacuum. 

T«^raM  ion  a^«  o/Po^as«t«m,K^H)',i8  prepared  by  the  ^^ual  addition  of  iodine 
to  a  concentrated  solution  of  potassic  hyposulphite,  till  the  reddish-brown  colour  becomes 
permanent.  The  tetrathionate  separates  completely,  and  is  dissolved  tn  hot  water  ;  the 
solution  is  then  filtered  from  free  sulphur,  and  mixed  with  alcohol  ^  the  precipitate 
at  first  formed  slowly  redissolves  in  the  liquid.  On  cooling,  the  salt  separates  in 
large  crystals.  When  tetratbionic  acid  is  added  to  a  concentrated  solution  of  potassic 
acetate,  the  salt  separates  in  a  pulverulent  form,  in  which  state  it  is  mote  stable  tlum 
when  in  large  crystals.     (K  e  s  s  1  e  r.) 

Tetrathionate  of  Sodium  is  prepared  like  the  potassium-salt,  but  requires  large 
quantities  of  alcohol  to  precipitate  it  from  its  aqueous  solution.  It  melts  in  its  water 
of  crystallisation,  when  gently  heated,  with  separation  of  sulphur  and  eTolntion  of  sul- 
phurous oxide.     (E  e  s  s  1  e  r. ) 

Tetrathionate  of  Strontium,  Sr^S*0*.6HH),  may  be  prepared  like  the  barium- 
salt,  but  is  not  so  completely  precipitated  by  alcohol  It  separates  br  qioBtaneoua 
evaporation  in  thin  prisms,  but  is  at  the  same  time  decomposed,  for  the  most  part, 
into  sulphate  of  strontium,  sxilphurous  acid,  and  sulphur.    (Eessler.) 

PentatmoBio  Compoiuids. 

Pbxtathionic  Acid,  H*S*0*.  (Wackenroder  [1845],  Ann.  Ch.  Fharm.  Iz. 
189. — Lenoir,  ifnd.  Ixii.  253. — Fordos  and  G^lis,  Ann.  Gh.  Phys.  [8],  zzii.  66. — 
Eessler,  Pogg.  Ann.  Ixxiv.  257. — Ludwig,  Arch.  Pbnrm.  [2],  lxxzT.9. — Chancel 
and  Di  aeon,  Compt.  rend.  Ivi.  710.) — This  acid  is  produced  by  the  mutual  action  of 

sulphurous  and  sulphydric  adds : 

5H«S0"  +   6H«S     -     H«S*0«  +   9H«0   +   8». 

To  prepare  it,  Wackenroder  passes  sulphydric  acid  gas  in  excess  through  a  satu- 
rated aqueous  solution  of  sulphurous  acid,  filters,  and  digests  the  milky  filtrate  with 
slips  of  clean  metallic  copper,  till  it  becomes  clear — ^filters  again — ^remores  the  dUs- 
soWed  copper  by  sulphydric  acid,  and  drives  off  the  excess  of  the  latter  by  a  gsntle 
heat.  The  solution  thus  obtained  is  colourless,  and  destitute  of  odour;  it  may  be 
concentrated,  without  decomposition,  till  it  attains  the  specific  gravity  of  1*37. — 
Eessler  passes  sulphurous  and  sulphydric  acid  gases  alternately  through  water,  till 
the  precipitated  sulphur  forms  a  thick  magma  at  the  bottom  of  the  vessel ;  digests 
the  filtered  liquid  with  freshly  precipitated  carbonate  of  barium,  to  remove  snl- 

Sburic  acid  ;  filters,  and  concentrates  the  filtrate  over  a  water-bath,  till  it  attMns  a 
ensity  of  1*25 — I'S.     The  acid  liquid  thus  obtained  may  be  further  concentrated,  in  a 
racuum,  to  the  density  of  1*6  at  22^. 

According  to  Kisler-Bonnet  (Pogg.  Ann.  cxvi.  470;  Jahresb.  1861,  p.  60), 
pentathionic  acid  is  also  pnxluced  by  the  reaction  of  sine  on  sulphurous  acid ;  the 
zinc  first  dissolves  in  the  acid,  with  evolution  of  hydrogen,  which  at  the  moment  of 
liberation  decomposes  part  of  the  sulphurous  acid,  yielding  water  and  sulphvdric  acid ; 
and  the  latter  reacts  on  the  sulphurous  acid,  so  as  to  form  pentathionic  add : 

10H»SO»  +   5H=S     -     8H«S»0«  +   12H*0. 

The  solution  exhibits  the  reactions  of  pentathionic  acid  as  long  as  it  retains  fiee  sul- 
phurous acid,  but  the  pentathionic  acid  is  subsequently  resolved  into  sulphuric  acid, 
nyposulphurons  acid,  and  free  sulphur. 

Pentathionic  acid  is  colourless  and  inodorous,  and  has  a  strongly  add  taste, 
inclining  to  bitter.  It  may  be  preserved  unchanged  at  the  temperature  of  the  air ; 
but  on  attempting  to  concentrate  it,  by  heating  beyond  the  density  of  1*37,  it  is 


6U  SULPHURYL— SUMBUL-ROOT. 

S0&FHUJtlltv  SO*.    The  ndide  of  snlphnrie  acid  and  Hm 

BUlAWMTTMm     Sjn.  with  stroDtianite,  or  DatiTe  carbonate  of  atzontiimi.     (See 

Cabbonatks,  i.  797.) 

SimcACB.  The  powder  of  the  dried  leaTes  of  rarious  shmbs  and  tiwa  of  the 
genus  Rhus  (order  T*rtbinthac(M\  eepecially  of  Sk.  eoriaria  and  BKeotmma.  ^  It  eoa- 
tains  colouring-mHttcr  and  tannin,  and  is  used  in  dyeing  and  oalioo-printuf^  as  a 
aabstitnte  for  nut-galls,  in  the  production  of  grej  colours,  and  in  Tnrk^-red  djeing; 
also  for  tanning  the  finer  kinds  of  leather.  According  to  Chemmil,  it  eontains  a 
yellow  colouring-matter,  which  separates  from  a  concentrated  deooctioa  on  oooling,  in 
small  crystalline  grains.  It  forms  a  yellow  precipitate  with  adlntion  of  nlnm,  apd 
may,  therefore,  bo  used  for  communicating  a  yellow  d^e  to  atofEi  mocdantod  with 
alum.  The  decoction  of  sumach  reacts  strongly  acid  with  litmus,  girea  a  yeUowisb- 
White  precipitate  with  stannous  chloride,  pale-yellow  with  acetate  of  lead,  ^aUowidi- 
brown  with  cupric  acetate,  and  a  blue  flocculent  precipitate  with  ferric  ehkinde. 

BlTMBirbABBIO  AOZB.  A  peculiar  acid,  contained  (aeoordiDg  to  Reinich) 
together  with  angelic  acid,  in  sumbul-ioot. 

See  SuiiBVL-BOOT. 


in  sumbul-root. 


tUlhZO  AOZB.     The  name  given  by  Reinsch  to  an   acid  contained  in 

■umbul-root,  which  ho  at  first  regarded  as  distinct  from  angelic  acid,  baeanae  its 
alcoholic  solution  is  coloured  blue  by  sulphuric  acid ;  but,  according  to  later  experi- 
ments by  Rieckher  and  Reinsch  (Jahrb.  pr.  Pharm.  zri.  12),  it  does  not  ezniUt 
this  coloration  when  quite  pure  and  free  from  sumbulamie  acid,  and  mnat  tlievelbtf 
be  regarded  as  identical  with  angelic  acid,  with  which  it  agrees  in  all  other  rsapecta. 

The  name  given  by  Murawieflf  to  an  alkaloid  anppooed  to  exist 

A  mixture  of  volatile  oils  obtained  by  tha  dlatiUatioii  of 

aumbul-balsam. 

lU&O&ZO  ACZD.    Syn.  with  Sumbulic  or  Axoxuc  Acm. 

KVX-XOOT.  Musk-root,  The  root  of  an  umbelliferona  plant,  said  to  be 
indigenous  in  Persia.  It  usually  occurs  in  commerce,  in  rather  large  cakca  harin^  a 
strong  musk-likc  odour,  and  a  faintly  sweetish  musklike  taste,  with  aranatie  bnming 
aftertaste,  like  angelica  and  imperatoria  root  Reinsch  found  in  100  pta.  of  anmbnl- 
root  13  pts.  water,  12*9  lalsam,  28*4  starch  and  salts,  8  gum,  4  cdhmxing-matter 
soluble  in  alcohol,  7  bitter  substance,  and  5  ash-constituenta  (containing  a  large 
quantity  of  potasnic  carbonate),  besides  mucilage,  woody  fibre,  resin,  wax,  and  tzaces 
of  volatile  oil  not  smelling  of  musk. 

According  to  Reinsch,  the  balsam  extracted  from  the  root  by  ether  haa  the  odlour 
and  consistence  of  copaiba-balsam,  a  burning  taste,  and  only  a  faint  mnak-like  odour 
in  the  dry  state,  but  gives  out  a  strong  odour  of  musk  when  in  contact  with  water. 
Strong  sulphuric  acid  dissolves  it  with  fine  blue  colour.  By  dry  ^ttillation,  the 
balsam  gives  off— first,  a  yellowish  oil  tasting  like  peppermint ;  aft«rwarda  a  grasi- 
green  oil  having  the  odour  of  cajeput,  while  the  residue  acquires  an  indigo-blne  colour. 
On  continuing  tlic  distillation,  a  blue  oil  passes  over,  which  dissolves  with  bine  colour 
in  alcohol ;  paper  on  which  the  solution  is  dropt,  acquires  a  musklike  odour  after  a 
•few  days.  The  oil  is  coloured  green  by  cold  potash-ley ;  hot  potash-lej  dissolves  it 
The  balsam  dissolves  in  potaah-ley,  and,  on  adding  water,  a  n*sinoiiB  maiu 'separate^ 
•containing  the  potassium -salt  of  sumbulamie  acid,  which  may  be  separated  fiom  it 
by  dilute  sulphuric  acid.  This  acid  is  resinous  at  first-,  but  is  converted  into  a 
crystalline  mass  by  long  contact  with  iK-ater;  it  is  stiid  to  form  an  ether.  IVnther 
investigation  is  required  to  determine  how  far  this  acid  differs  from  sumbulic  oraagdie 
acid. 

Sommor  (Anih.  Pharm.  cxxxviii.  1)  has  also  investigated  sumbul-root,  bat  witS 
somewhat  different  results.  The  extract  obtained  from  the  root  by  treatment  with 
ether,  gave,  bv  distillation  with  water,  a  very  smjdl  quantity  of  a  ^e-yellow,  neutial, 
volatile  oil,  which  in  the  concentrated  state  smelt  more  like  angelica-root,  bnt  in  the 
dilute  state  more  like  musk.  This  oil  is  mobile  and  lighter  than  water,  but  retiniseft 
quickly  in  contact  with  the  air,  becoming  viscid,  darker-coloured,  and  acad.  Itdiaaolvea 
in  nitric  acid  with  violet  colour,  soon  changing  to  yellow;  by  sulphuric  acid  it  is  tamed 
brown,  and  carbonised.  The  balsam  prepared  with  ether  or  alcohol  yields  bjdry  distil- 
lation (according  to  So  m  m  e  r)  one-third  of  its  weight  of  a  greenish  mobile  oil,  smelling 
like  creasote ;  fJtcrwsrds  white  ftimes  are  evolved,  which  thicken  to  a  blue  oil  (about 
one-third  of  the  resin) ;  finally,  tany  products  paas  over,  and  a  carbonaceoas  residue 


646  8TC0CERYLIC  ETHERS. 

It  dinokee  readily  in  etkyliG  alcoM:  a  liot  ntnrated  adliitioii  ibrma  a  aeniaolid 
mass  of  crystals  on  cooling;  a  solution  in  very  dilate  alcohol  dapoaiU,  on  eoulia|^ 
a  jelly,  which  afterwards  becomes  crystalline.  Dissolree  in  ethtr,  benMine,  eUonffitni, 
and  /tyht  mineral  oil, 

Dicomptmtiont. — 1.  Sycocerylic  alcohol  is  but  slowly  attadLed  Inr  boilinis  with 
dilute  nitric  acid :  the  dark-yellow  resin  funned  after  six  houra,  when  waahad  and 
dried,  and  afterwards  dissolred  in  warm  alcohol,  yields  white  and  yeUow  crytUli, 
easily  soluble  in  aqueous  ammonia  and  potash,  and  precipitable  bj  aleoliolie  nentnl 
acetate  of  le^d ;  probably  a  mixture  of  sycocerylic  acid^C'U'^',  and  nit  rosy  eo- 
cery  lie  acid. — 2.  Moderately  dilute  aquecms  cAr&mic  acu2,  boiled  with  qrcoraiylie  ako- 
hA  tor  eight  hours,  produces  no  sycocerylic  acid :  on  one  occaaion,  neutral  thin  prisBSk 
probably  of  sycocerylic  aldehyde,  C'H'^O,  were  produced. — 8.  The  alcohol  dis- 
solves easily  in  oil  of  vitriol ^  forming  a  brown  solution,  from  which  water  throwa  dowa 
a  viscid  resin ;  no  conjugated  compound  of  sulj^uric  acid  remaina  in  aolntion.— 4.  iij* 
cocerylic  alcohol  is  readily  attacked  by  chlorine  and  bromine,  and  forma  yellow  ciys- 
tals  with  iodine. — 6.  A  solution  of  sycocerylic  alcohol  in  benzene  erolvea  faydroehlorie 
acid  gas  when  treated  with  ^tackloride  o/vhoepkorusAt  00^.  If,  after  the  erolotioa 
of  gas  has  ceased,  the  remaming  chhtnde  of  phosphorus  be  removed,  and  the  benaene 
solution  washed  with  water  and  aqueous  alkali  and  evaporated,  there  remains  an 
amorphous,  greenish,  viscid  residue,  easily  soluble  in  ether  and  chloniibrH^  bat  diffi- 
cultly soluble  in  alcohol.  On  one  occasion  crystals  were  also  obtained. — C  /Was«tirai 
evolves  hydrogen  from  melted  sycocerylic  alcohol,  and  becomea  coTered  with  a  whita 
crust,  which,  when  heated  till  it  melts,  blackens  and  takes  fire. — 7.  Sveocerylie  aleobol, 
treated  with  fused  caustic  potash,  evolves  hydrogen  without  forming  ajeoctrtlie  arid. 
— 8.  With  chloride  of  acetyl  it  forms  acetate  of  syoooeryl,  and  mith  cJUiriig^  buuei/i 
benzoate  of  sycoceryl. 

8TCOCXST1UO  A&BBKTSa.     See  the  hist  article. 


8TCOCBB1XZO  wmWMB.  (De  la  Rue  and  Mailer, /iae.ffif.)  8yeo€€rplic 

Aceiate,C^R*H)*  «.  C*H*(C'*H*)0'.— This  ether  is  contained,  together  withs^reore- 
tin,  in  the  resin  of  Ficvs  rubiginosa  from  New  South  Wales  (ii.  646).  To  obtain  it,  the 
sycoretin  is  diss(»lved  out  of  the  resin  by  cold  alcohol,  and  the  reaidna  ia  boiled  with 
alcohol.  The  solution,  on  cooling,  depoeits  crystals  of  syo>cerylic  acetate,  mixed, towards 
the  end  of  the  crystallisation,  with  a  small  quantity  of  a  Booculent  anhatanea ;  and  by 
leaving  the  solution  to  cool  to  40®,  thfn  straining  off*  the  liquid,  raeiyataUieing  the 
solid  residue  from  boiling  alcohol,  and  treating  the  product  at  80*' with  nqBanli^ufether 
not  sufficient  to  dissolve  it,  the  sycocerylic  acetate  is  obtained  pure,  wldle  a  neutral 
crystalline  substance  remains  undissolved.  Sycocerylic  acetate  ia  alao  pirodnced  by 
treating  sycocerylic  alcohol  with  chloride  of  acetyl. 

Sycocerylic  acetate  crystallises  from  alcohol,  mthin  laminte  resembling  cholesterin, 
and  from  ether  in  flat  six-sided  tables.  It  melts  at  118^ — 120^,  and  ardidifles  below 
80®  to  a  mass  which  is  transparent  at  first,  but  afterwards  becomea  opaqne  and  erji- 
talline.  It  distils  unchanged ;  but  when  it  is  too  strongly  heated,  the  diatiUate  smells 
rancid,  and  like  acetic  acid.  It  is  brittle ;  strongly  electnc  when  rubbed;  neutral.  It 
dissolves  very  easily  in  hot  alcohol,  and  in  acttie  acid,  acrtone,  chloroform,  ether,  AflUMf, 
and  oil  of  turpentine.  It  is  not  precipitated  by  alcoholic  neutral  eeetmte  ofitad,  or  by 
aloholic  acetate  of  copper. 

Hot  dilute  nitric  acid  converts  sycocerylic  acetate  into  a  resin.  The  easily  prepared 
solution  in  fuming  nitric  acid  is  precipitated  by  water  in  amorphous  yellow  flodca.  It 
dissolves  easily  and  without  coloration  in  oil  of  vitriol ;  the  solution  becomes  brown  oo 
standing,  and  gives  off  traces  of  sulphurous  and  acetic  acids ;  Wkter  precipitates  tnm  the 
solution  a  hard  substance,  fusible  below  100^  difficultly  soluble  in  alcohol,  and  easily 
soluble  in  chloroform  and  benzene.  It  forms  resinous  compounds  with  dUr'nmf,  6rvMffff, 
and  iodine ;  the  last  two,  when  added  gradually  to  a  warm  alcohobe  solution  of  the 
acetate,  form  crvstals  of  a  colourless  bromine-  or  iodine-compound,  which  are  deposited 
on  cooling.  It  is  not  affected  by  boiling  solution  of  caustic  potash,  but  is  decomposed 
by  the  fused  hydrate,  with  liberation  of  hydrogen.— iSM^iuiM-o/coAo/ decomposes  it  erea 
at  90^,  forming  acetic  acid  and  sycocerylic  alcohol. 

Sf/coceriflic  Benzoate,  C«H«*0*  «=  C'H\C»"H»)0«.— Prepared  by  dismlving 
^cocerylic  alcohol  in  chloride  of  benzoyl  (no  gas  bieing  evolved  in  the  coldX  and  heating 
the  solution  as  long  as  hydrochloric  acid  gas  is  given  off.  The  crystalline  niaas  fbrmed 
on  cooling  is  thrown  into  a  warm  aqueous  solution  of  acid  potassic  carbonate,  with  which 
it  is  wanned  for  several  hours.  The  resin  thereby  separated,  after  washing  with  warm 
water  and  boiling  alcohol,  is  dissolved  in  boiling  ether,  from  which  it  ia  obtained  in 
cr}'stal8.  Boiling  absolute  alcohol  dissolves  only  a  trace  of  the  crystalline  substance^ 
and  deposits  it  again,  on  cooling,  in  small  crystals  recognisable  under  the  micro- 
scope.    It  dissolves  with  difficulty  in  cold  ether,  and  in  all  pioportioiis  ia  ehlero* 
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nardoen  -  1*5  to  2.    SpedEe  gnvity  -  7'99  to  8-3S.    Lortie  vcflalUe.    Stmk 

and  colour  pure  Bteel-mj  to  si.yep-white,  tometimet  nearlj  bnM-yeilov.  Fneton 
uneven.  Very  sectile.  Before  the  blowpipe,  it  melti  eMiljr,  tinging  thm  IUm«  gnenish- 
blue,  covering;  th«  charcoal  with  a  white  oxide,  and  finalfy  learing  a  ductile  metallie 
globule.     It  diftsolres  easily  in  nitric  acid. 

The  follow inj5  analyees  are  by  P  e  t  z  (Pogg.  Ann.  Irii,  472) :— «.  Thin  needle-«haped 
cryBtaU:  8p«K!ific gravity  —  8-28.--6.  Indistinct  crystals:  specific  gravity  «  8*28. — 
e.  Lon;r  white  crystals :  specific  gravity  -  8-27.— rf.  Thick  white  erysiale :  ipeeiile 
gravity  =s  7-99. — e.  Short  yellowish  crystals :  specific  gravity  •■  8'ZZ,—/,  g.  light 
yelluw  masses: 

Offetibanju.                                                         Nagfag. 
, * 2*  t " » 

Trllurium  69"97  68  81  66-39  48*40  61*62  44*54  49-96 

Antimony  0-58  066  2*50  842  6-75  8*64  8-82 

Gold  26-97  26-47  2489  28*98  2710  26*81  29*62 

Silver  11-47  1131  1468  10*69  7*47  10*40  2*78 

J^ad  0-25  2-76  2*64  8*51  816  11-21  13-82 

Copper  0-76 

iOOOO  10000  100-00  lOO-OO  100-00  100-00  iOU-00 

These  analyses  are  most  easily  reduced  to  a  formula  on  the  hypotbeeis  that  the 
tellurium  and  antimony  on  the  one  band,  and  the  gold,  silver,  and  lead  on  the  other, 
replace  one  another  isomorphuusly.  On  this  supposition  the  whole  of  the  analyses 
may  )e  included  under  the  g'  nerarformula  (Au* ;  Ag*;  Pb''XTe  ;  Sb)'.  The  compoaitioa 
of  the  mineral  from  Otf('ni>anya  is  very  nearly  expressed  by  the  simpler  formula, 
Au^Ag-'To-,  or  Au-To'.Ag-Te*.  This  variety  is  sometimes  specially  distingnished  as 
graphic  tellurium;  and  that  which  contains  lead  and  antimony  in  additinn,  as 
white  tellurium. 

STXiVZC  ACZD,  C-'«II>«0-.  (Un  verdorben,  Pogg.  Ann.  vii.  311 ;  riii.  40, 407 ; 

zi.  28,  230,  393  ;  xiv.  116;  xvii.  186.— Trommsdorff,  Ann.  Ch.  Pharm.  ziii.  169. 
— H.  RoHc,  Pogg.  Ann.  xxxiii.  42;  liii.  374. — Laurent^  Ann.  Ch.  Phya.  [21,  Ixv. 
324;  Ixviii.  39o ;  Ixxii.  459;  [3],  xxii.  469.— Sievert,  Zeitschr.  f.  die  gee.  Natnr- 
wiiisenschaften,  xiv.  311  ;  Jahresb.  1859,  p.  608.— Maly,  Wien.  Akad.  Ber.  xliv.  121; 
Jahresb.  1861.  p.  389.) — This  acid  was  discovered  and  investigated  by  UnTeidorben, 
but  confounded  by  him  and  all  later  investigators  (except  Maly),  with  abietie  acid,  the 
acid  existing  ready-formed  in  pine<resin.  Owing  to  this  confusion,  it  is  not  always 
clear  which  statements  refer  to  abiotic  and  which  to  sylvic  acid.  UnvetdoTben,  how- 
ever, seems  to  have  examined  principally  an  acid  prepared  with  tulphnric  acid — 
therefore  sylvic  acid.  Laurent's  statements  apply  bipttter  to  sylvic  aciOt  though  his 
method  of  preparation  must  have  yielded  abietie  acid. 

Two  acids  found  by  Baup  (Ann.  Ch.  Phys.  [2]  xxxi.  108)  in  French  oolopliony,  Andt 
pinique  and  Ai^de  abietique,  as  well  as  Lecanu  and  li  ns  By*  s  cry MtalU$€d  acid  from 
turpentiftf  (J.  Pharm.  xiii.  62),  appear  also  to  belong  to  this  head. 

Por)natwn  and  Preparation. — 1.  From  Abietie  Acid.  An  alcoholic  solution  of  abietie 
acid  is  precipitated  by  dilute  sulphuric  acid,  and  the  hardened  crystalline  precipitate 
is  washed  with  alcohol,  and  afterwards  crystallised  from  that  liquid  (Maly). — ^jrlvie 
acid  is  obtained  also,  together  with  sylvinolic  acid,  by  passing  hydrochloric  acid  gas 
into  a  solution  of  abietie  acid  in  alcohol.    (Maly.) 

2.  From  White  Pitch,  Colophont/,  ^'c. — "White  pitch  is  allowed  to  stand,  ooreied  with 
an  equal  quantity  of  alcohol,  till  it  is  completely  saturated  with  the  liquid,  and  until 
the  turpentine-like  deposit  formed  at  first  nas  become  crystalline.  It  is  thai  ooUeeted 
on  a  cloth,  triturated  with  a  little  alcohol,  washed  with  that  liquid  on  the  filter,  and 
afterwards  dissolved  in  a  small  quantity  of  hot  absolute  alcohol  containing  snlphnrie 
acid :  the  solution,  on  cooling,  solidifies  to  a  crystalline  mass.  Purification  is  eflraed  faj 
pressing  the  crystals,  and  repcate<lly  subjecting  a  hot  alcoholic  solution  to  fractional 

Precipitation  with  hot  water,  whereby  the  less  pure  portions  are  thrown  down  fint. 
'he  alcoholic  solution  mixed  with  a  quantity  of  hot  water  barely  suflleient  to  produce 
turbidity,  yields  largo  crystals  on  cooling.     (Trommsdorff.) 

Laurent  boils  pine-resin  with  water  to  free  it  from  turpentine ;  extracts  the  pinie 
acid  bv  means  of  cold  alcohol,  and  dissolves  the  residue  in  boiling  alcohol.  On  eooiing; 
the  solution  yields  crystals,  which  are  freed  from  adhering  oil  by  washing  with  eold 
alcohol,  and  rocrystallisation  from  boiling  alcohoL  Unverdorben,  and  likewise 
Trommsdorff  and  Sievert,  employ  similar  methods.  The  product  thus  obtained  is 
abietie  acid.  (M  a  1  y.) 
Long  standing  of  the  alcoholic  solution  reduces  the  yield  of  the  crystals,  f  Sierer  t.) 
iVoptfr/tr^.— Sylvic  acid  forms  colourless,  transparent,  tabular,  rfaomboldal  prisma, 
with  four-eided  summits  (Unverdorben);  indistinctly  crystalline  masses, also  trian- 
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S*02  per  cent,  water;  calculation  from  the  same  fbrmnla  requirai  S-97  per  eent 
(Sievert) 

The  magnesiumsaH  disaolyea  in  all  proportions  of  alcohol  of  66  per  cent.*  and  in 
absolute  alcohol ;  from  the  latter  solution,  a  double  volume  of  water  throws  down  a 
colourless  semifluid  salt,  which  dries  up  in  the  air  to  a  transparent  renn,  and  diMolTes 
in  ether  andin  mineral  naphtha. — The  manganue-  and  zinc-iaHU  are  Kdnble  in  afaaohite 
alcohol. 

Sylvatu  of  Potasnum.^a.  The  normal  aalt,  C^H^KO*,  is  formed  bj  boiling  ayhic 
add  with  6  pts.  of  alcohol  and  with  carbonate  of  potusium,  and  ia  deposited  ttam, 
the  filtrate  on  cooling  in  delicate  white  needles,  which  may  also  be  obtained  bj  mixing 
the  salt  y  with  alcoholic  sylric  acid  (Unrerdorben ;  Sierert).  It  melts  toazesin 
when  heated ;  dissolves  very  slightly  in  water,  slowly  in  20  pts.  of  alodholt  mote 
freely  in  hot  alcohol;  abundantly  in  warm  ether  and  oil  of  turpentine,  and  to 
a  less  extent  in  oliveoil  (Unverdorben).— 3.  An  acid  salt,  0»H»K0«.8C^H«H)«,  is 
produce<l  by  boiling  alcoholic  potash  neutralised  with  sylvic  acid,  and  solidifies,  on 
cooling,  to  a  crystalline  mass,  which  may  be  purified  by  reerystallisitig  and  psessing. 
The  same  salt  is  precipitated  from  alcoholic  sylvic  acid  by  an  alcoholic  solution  of 
potnssic  acetate.  It  forms  fine  silky  tufts  of  delicate  needles  ;  decomposes  when  boiled 
with  water,  three-fourths  of  the  acid  being  precipitated,  whilst  the  normal  salt  xemains 
in  solution  (Sievert). — y.  A  sparingly  soluble  basic  salt  appears  to  be  Ibtjnsd  bj 
dissolving  sylvic  acid  precipitated  by  water  in  caustic  potash,  and  adding  man  sjlvie 
acid  (Kose).  Carbonate  of  potassium  added  to  an  ethereal  solution  «  sylTic  add 
throws  down  a  colourless  amorphous  salt.     (Unverdorben.) 

The  silver'Salt,  C'^'H^AgO',  crystallises  from  alcohol  in  shining  grannies  on  spon* 
taneous  evaporation.  When  boiled  with  potash  and  oil  of  tuipentin«»,  it  bebaTSs  like 
pinate  of  silver.  Dissolves  in  15  pts.  of  cold,  and  in  a  smaller  quantity  of  boiling 
alcohol,  and  instantaneously  in  ether,  which  takes  it  up  from  water  when  snspoided 
therein.     (Unverdorben.) 

The  sodium-salt  is  obtained  in  crystals,  by  boiling  alcoholic  sylvic  add  with  excess 
of  sodic  carbonate,  and  cooling  the  filtrate.    (Unverdorben.) 

OxTSYLvic  Acid  (?) — When  an  alcoholic  solution  of  sylvic  acid  is  left  for  some  time 
exposed  to  the  air,  or  allowed  to  evaporate  slowly,  a  viscid  uncrystallisable  substance 
remains,  which  melts  over  the  water-l)ath,  losing  a  litUe  water,  and  fbnna^  on 
cooling,  a  white  brittle  mass  like  colophony.  This,  according  to  Hesse  (Ann.  Ch. 
Pharm.  xxix.  141)  aad  H.  Kose,  is  an  oxysylvic  acid;  Hesse  found  it  to  contain 
C*'H'<'0*.  Hose  however,  in  one  experiment,  found  that  the  reeidne  had  the  same 
composition  as  sylvic  acid. 

BTXiVXKB,  or  STZiVZTB.    Chloride  of  potassium,  occurring  in  enbie  crystals 

about  the  fumnroles  of  Vesuvius. 


>,  C»H"0«.  (Maly,  Wien.  Akad.  Ber.  [2],  xHt.  121; 
Jaresb.  1861,  p.  389.) — An  acid  produced,  together  with  sylvic  acid,  bj  saturating  an 
alcoholic  solution  of  abietic  acid  with  hydrochloric  acid  gas ;  the  sylvie  acid  then 
crystallises  out,  while  the  sylvinolic  acid  remains  in  solution,  and  is  predpttatcd 
therefrom  by  water,  as  a  white  fiocculent  powder,  easily  soluble  in  alcohol  and  in  etbor. 
On  evaporating  either  of  those  solutions,  the  acid  remains  as  an  amorphous  pitehj  nasi, 
which  melts  with  decomposition  at  130°.     Sylvinolic  acid  is  dibasic 

The  potassium-  and  sinlium-salts  are  uncrystallisable,  soluble  in  water  and  in  aleohoL 
—The  calcium-salt,  C^^H'^Ca'C*,  is  a  fiocculent  precipitate.  —  The  Hlver-adt, 
C^^H^'Ag^O*,  is  a  pulverulent  precipitate  nearly  insoluble  in  ammonia. 


8TMBOXJI,  CBSMZCAXi.    See  FoBMXTLiB  (ii.  695),  and  NoTATtoir  (ir.  1S0). 

BITMMOKPBOSZS.    A  name  applied  by  Liebig  (Ann.  Ch.  Pharm.  *^^  2h^\ 

to  the  kind  of  chemical  metamorphosis  which  consists  in  the  union  of  several  simpler 
molecules  into  a  molecule  of  greater  complexity :  f.^.,  the  conversion  of  2  at.  potastie 
cyanide  and  1  at.  ferrous  cyanide  into  1  at.  potassic  ferrocyanide,  of  8  at.  <^anie  add 
into  1  at.  cyanuric  acid,  &c. 

ZWK.    See  Ink  (iii.  272). 

A  genus  of  plants,  belonging  to  the  order  Boraffinaeem,  &  «•- 
perrimum  contains,  in  100  pt«.  of  the  fresh  herb,  88  pts.  water,  6  pts.  matter  soluble  in 
water,  3'2  soluble  in  dilute  potash,  2*6  woody  fibre,  and  2*3  ash  free  from  carbonic  acid. 
The  ash  contains,  in  100  pts. :  31  3  K*0,  10*9  Na«0,  20-6  CaO,  1*2  HgO,  0*4  A1*0*. 
17-2  SiO»,  3-9  SO*,  114  P-'O*  and  31  CI. 

The  root  of  comfrey  {S.  officinaU)  contains  a  large  quantity  of  vegetable  mndlags 
(C*H^*0\  according  to  S  c  h  m  i  d  t),  and  a  small  quantity  of  asparsgina. 
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of  its  reaetioDs,  be  distiDgiiiBhed  from  sjntoiiio.  Ludj.  the  aUcaliBa  solnUons  of 
syntoDin  seem  in  no  way  to  differ  from  the  solutioiia  al  oxdinMij  poteane  albumi- 
nate. ^    ^ 

Syntonin,  thereforp,  is  no  special  mnsde-prodnct,  though  it  la  more  aaauy  and 
speedily  formed  out  of  myosin  than  ont  of  any  other  proteid  sabstaoee.  X.  F. 

UTMXJLm  A  red  dye-stuff,  occnrring  in  commerce  as  a  dazk-ied,  taateleaa,  and 
inodorous  powder,  which  impsrts  a  red  colour  to  water  and  alcohol,  aiid  bmns  with 
the  odour  of  horn  when  heated.  According  to  Viaey  (J.  Fharm.  ncvi.  167X  »t  eoo- 
sists  of  the  incompletely  exhausted  residue  of  Ck)ccu$  Ilicis,  thezefore  for  the  moat  part 
of  chitin,  mixed  with  coccus-red. 


rOA  VUXOAmxa.  Common  ZfTor.— The  leares  of  thia  plant  eontain, 
according;  to  Du  me  nil  (Twimmsd.  N.  J.  xi.  117),  uncrystHlliHable  sugar. — Lad  wig 
(Arch.  Pharm.  [2]  xci.  289)  found  mannite  in  them,  also  in  the  young  faranchet. 
Bern  ay  H  and  Kromaycr  {infra)  found  in  the  leaves,  branches,  and  bark,  a  ffloeo* 
side  callfd  «yn>/yi}/.— Moillet  ^Ann.  Ch.  Pharm.  xl.  819)  obtained  from  the  leaTii 
and  green  Keed-capf«ules,  a  crystallissble  substance,  which  he  designates  as  //facta ;  it 
resoniblcs  syringfin  in  all  its  properties,  excepting  in  having  a  bitter  taste,  and  being 
insoluble  in  water.  According  to  Mulder  (J.  pr.  Chem.  zxxii.  172 X  the  vazyanb- 
stance  contained  in  the  leaves  has  the  composition  of  ordinary  wax.  The  cdonfaroos 
principle  of  the  flowers  may  be  obtained  (according  toFavret,  J.  Chiai.  m^  zir. 
212),  by  extraction  with  ether,  as  a  viscid  oil,  composed  of  a  waxy  body  and  a  mobila 
oil. 


Cn^O'.H^O.— A  substance  obtained,  together  with  fermen- 
table sugar,  by  warming  syringin  witli  dilute  sulphuric  or  hydrodilorie  aeid.  It  ia 
deposited  in  viscid  cohering  flocks,  and  forms,  after  washing  with  water,  a  Hght  itiae- 
coloured  amorphous  mass,  which  becomes  anhydrous  at  100^,  melta  at  170^ — 180^,  ia 
insoluble  in  water  and  in  ether,  dissolves  with  cherry-red  colonr  in  alcohol,  and 
separates  from  this  solution,  on  evaporation,  as  a  light  cinnamon-colonzed  powder, 
composed  of  transparent  globules.  It  reacts  with  acids  like  syriDgin.  (Ikroma- 
ycr.) 


8T&nronr.  C>*H**0**.H*0.  (Bemays,  J.  pr.  Chem.  xxr.  121.— Kromayer, 
Arch.  Pharm.  [2]  cviii.  7;  cix.  18,  216;  cxiii.  19;  Jahresb.  1862,  p.  484;  1888,  p. 
692.) — This  compound,  discovered  by  Bemays  in  1841,  and  more  complete^  inTcsti- 
gated  by  Kromayer,  occurs  in  the  bark  of  the  lilac,  more  abundantly  in  Maith  thaniit 
April,  not  in  the  loaves  or  in  the  half-ripe  fruit,  and  only  in  traces  in  the  Uaf-bada. 
It  disappears  as  the  season  advances,  its  place  being  apparently  anpplied  by  •ynag'i>- 
picriu  (kromayor).  Ligustrin  from  privet-bark  (iii.  694)  is  (aoeording  to  Kro- 
mayer)  identical  with  syringin.  Meillet's  lilacin  {supra)  is  probably  also  the 
same  substance. 

To  prepare  syringin,  the  bark  is  exhausted  with  boiling  water;  the  extract  precipi- 
tated with  basic  acetate  of  lead ;  the  filtrate  treated  with  sulphydnc  acid;  and  after  re- 
moval of  the  sulphide  of  lead,  eva])orHtedto  athin  syrup,  which  aoUdifies  in  the  ooune 
of  a  day  to  a  crystalline  pulp.  This  mass  is  purified  by  stirring  it  up  with  e^  water, 
then  pressing,  and  recr^'stallising  it  from  boiling  water,  with  aid  of  animal  chaieoaL 
The  syringin  dis8olve<l  in  the  wash-waters  is  obtained  by  evaporating  the  liqoid,  and 
agitating  the  residue  with  alcohol,  which  takes  up  the  syringin.  (Bemays; 
Kromayer.) 

Syringin  crystallises  from  alcohol  in  long,  colourless,  transparent  needles,  contMning 
4*6  per  cent.  (1  at.)  water,  which  they  eive  off  at  llo^,  leaving  anhydroos  ayringin, 
C'*H^O'*,  which  melts  at  212^  to  a  colourless  liquid,  and  solidifies  on  cooling  to  an 
amorphous,  transparent,  hard,  friable,  tasteless,  neutral  mass  (Kromayer).  Ligna* 
trin  from  privet  melts  at  186® — 190<>.     (Kromayer.) 

Syringin  dissolves  sparingly  in  cold,  easily  in  hot  water ;  it  is  soluble  also  ia akd^ 
but  not  in  ether ;  it  does  not  precipitate  metallic  raits. 

^  J)eco7npasition8. — 1.  Byringiu,  when  heated^  decomposes  below  its  melting^pointj 
gi  ving  off  an  odour  of  caramel,  and  burning  away. — 2.  The  aqueous  or  aIcoh(^  soratioa 
of  syringin  acquires  a  fine  dark-blue  colour  when  mixed  with  an  equal  volmne  ciaUqf 
vitriol;  with  a  larger  quantity  of  oil  of  vitriol,  the  colour  changes  to  a  beaatifiil  violet, 
and  the  liquid  on  standing  deposits  blue,  and  on  addition  of  water,  ney-bloe  flodu, 
which  dissolve  with  cherry -red  colour  in  alcohol  and  in  ammonia — 8.  When  cantionaly 
heated  with  fuming  hydrochloric  acid,  it  dissolves  without  coloration,  bnt  on  boiling, 
the  aolation  assuinea  a  light  violet-red  colour,  and  deposits  blue  flocks. — 4.  An  aqneooi 
Mdntion  of  ■yrinfftn  through  which  cUorine'ffas  is  passed  acquires  a  red-brown  colonr, 
bat  aiUr  awhile  becomes  quite  colourless.  At  the  same  time  an  acid  ia  formed,  haying 
*hil|^  inxtafting  taste,  and  assuming  a  dark-blue  colour  when  mixed  with  ' 
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chloride. — 5.  Sjringm  diisolTef  quickly  in  strong  nitrie  add,  forming  s  deep  blood- 
red  solution. 

6.  When  aqueous  syringin  is  heated  with  dilute  hydrochloric  acid.  Hie  solution 
becomes  milky,  and  deposits  adhering  lumps  of  sjringenin,  whilst  fermentable  sugar 
remains  dissoiTed : 

C^^H^O^  +  HK)     =     C>«H>»0*  +  C^"0«. 

100  pis.  crystallised  syringin  yielded  61*77  pts^  air-dzy  mingenin  and,  on  the  arerage, 
41  pts.  sugar  (calc  62*67  pts.  hydrate  of  syringenin  and  41*47  sugar:  Kromayer). 

Syringin  does  not  reduce  either  cuprate  of  potassium  or  nitrate  qf  silver,  and  is  not 
altered  by  alkalis.    (Kromayer.) 


rCKIVIOSZV.  This  substance  remains  in  the  alcoholic  mother-liquor  from 
which  syringin  has  crystallised,  and  may  be  extracted  therefrom  by  animal  charcoal. 
By  treating  Uie  charcoal  with  hot  alcohol  (after  washing  it  with  warm  water),  a  solu- 
tion is  obtained,  which  yields  by  eraporation  (after  being  again  treated  with  charcoal) 
a  yellowish  bitter  substance,  which  is  soluble  in  water  and  in  alcohol,  but  not  in  ether; 
is  precipitated  by  tannic  acid,  but  not  by  basic  acetate  of  lead ;  and  does  not  reduce  an 
alkaline  cupric  solution  till  it  has  been  boiled  with  dilute  sulphuric  add.  (Kro- 
mayer, loc,  cit.) 

ftlAUF.  A  concentrated  solution  of  sugar.  In  the  sugar-manufacture,  the  term 
is  applied  especially  to  the  mother-liquor  remaining  after  the  cane-sugar  has  ciystallisMl 
vut.  In  pharmaceutical  language,  it  is  applied  to  solutions  of  sugar,  either  in  pure 
water,  in  the  decoction  or  infusion  of  any  medicinal  substance,  in  rinous  infusions 
or  is  pressed  and  fermented  fruit-juices. 

BlUkJWKLTIXMm  A  hydrated  borate  of  magnesium,  occurring  imbedded,  in 
rounded  grains  and  microscopic  needles,  in  the  fine-grained  limestone  of  the  metallife- 
rous deposits  of  Resbanya  in  Hungary,  and  remaining  behind  when  the  limestone  is 
dissolved  in  dilute  acids.  Specific  gravity  of  the  needles  «  2*7,  of  the  grains  s  3*0. 
It  gives  off  water  when  heated,  but  rtjabsorbs  it  after  cooling.  Before  5ie  blowpipe, 
it  splits  and  swells  up  on  the  edges  with  strong  incandescence,  then  melts  to  a  tumefied 
and  finally  homy  brownish-grey  mass ;  colours  the  fiame  red  to  yellow-red.  In  phos- 
phorus-salt it  dissolves  slowly  to  a  clear  glass,  yellowish  while  hot,  colourless  after 
cooling ;  in  borax,  after  prolonged  effervescence,  to  a  clear  bead  having  a  faint  reddish- 
grey  ^our,  but  remaining  colourless  after  exposure  to  the  reducing  fiame.  (K.  F. 
Peters,  Wien.  Akad.  Ber.  xliv.  [2]  143;  xlvii.  [2]  347;  Jahresb.  1862, p.  1029.) 

The  following  analyses  byA.  Stromeyer  (Jahresb.  1863,  p.  836),  show  that  the 
comoosition  of  the  needles  is  6Mg0.2B'0*.JHK),  and  that  of  the  grains,  6Mg0.2B*0*. 

BH).  MgO.        F«»0\      H«0.  n.       Quarts.     SdTSo. 

Needles    .     36*66        62*49        1*66        6*99        0*49        0*20        trace  '  -     98*49 
Grains      .     34*60        49*44        8*20       12*37        0*20        .    .  .     .     -     99*81 

LO.    The  Hungarian  name  of  native  sodic  carbonate. 


Hvdrated  silica,  occurring  in  stony  concretions  in  the  joints  of 

the  bamboo.  It  resembles  hydrophane,  and  when  thrown  upon  water  does  not  sink 
till  completely  saturated  therewith.  It  is  the  least  refractive  of  all  known  solids,  its 
index  of  refraction,  for  the  yellow  ray,  being  1*1 15.  Rost  van  Tonningcn  (Jahresb. 
1860,  p.  531)  found  in  tabasheeer  from  Java,  86*39  per  cent,  silica  soluble  in  potash, 
0*42  ferric  oxide,  0*24  lime,  4*81  potash,  0*61  organic  matter,  and  7*63  water. 

TABBSOITB.  A  chloritic  mineral  from  Taberg  in  Wermland,  Sweden ;  closely 
resembling  clinochlore  in  external  aspect  and  in  reactions  ;  and  containing;  according 
io  Svanberg(BerK.  Jahresb.  xx.  235),  35*76  per  cent,  silica,  13*03  alumina,  30*00 
magnesia,  6*34  ferrous  oxide,  1*64  manganou.s  oxidp,  2*07  potash,  11*76  water,  and  0*67 
iluorine.  According  to  Descloiceaux  (Ann.  Min.  xi.  280),  it  is  optically  biaxial, 
like  clinochlore,  and  differs  in  composition  from  that  mineral  only  in  consequence  of 
admixtures. 

TAMeUtUkM  ft»AB.     WoUastonUe,      Native  silicate  of  calcium,  Ca'SiO*.    (See 

SlLIOLTKS,  p.  252.) 
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TJLCAMAHAC.  Gummi  Takamahak. — ^A  resin  fonnerljiued  for  ftiiBigmtwn  tDd 
for  plasters.  There  nre  two  yaricties  of  it :— a.  Wert  iDdmn  taemmabae,  from  Sk- 
phrium  iomentoxum,  Jacq.  {Faaara  oetandra,  L.)  and  ML  excelsvm,  Kth.,  tree*  Monging 
to  the  order  Burseracea,  and  indigenone  in  Mexico,  the  Wert  Indies,  and  Suntli 
America.  The  wsin  exudes  from  the  bark,  and  hardens  on  exposue  to  the  air.  It 
forms  rrddish  or  brownish  lumps,  haying  a  bitter  aromatic  taste,  impezfectlj  solablt 
in  Hlt-ohol  and  alkalis,  perfectly  soluble  in  ether  and  in  oils,  both  fat  and  roUitile^— 
fi.  Tiie  East  Indian  varietv,  from  Calophyllum  tnophvHum,  L.  (according  to  Lindify 
from  C  CuJaf^a,  L.).  an  East  Indian  tree  belongin|;  to  the  order  CtutiBcem^  is  Twyrue. 
It  is  a  gn'cniKh-yellow  or  orange-coloured,  soft,  resinous  mass,  which  ^dniilljliaideii^ 
has  an  agrroiiblo  larcnder-liko  odour,  and  aromatic  somewhat  bilter  tarte;  mela 
easily,  and  dissolvos  completely  in  alcohol. 

TACBTAPBA&Tira.  A  mineral  discorered  bjWeib  je  (Po|cg.  Ann.lxxxriii 
160),  at  Krdgeroc  in  Norway,  where  it  occurs  imbedded  in  granite  veins  in  the  gneisi. 
According  to  Berlin,  it  contains 34-58  per  cent,  silica, 38*96 cireonia,  12-82  thorica(?) 
3-72  iorric  oxide,  1*85  alumiua,  and  8*49  water.  It  forms  dimetxic  crystals,  like  thoss 
of  zircon,  bring  combinations  of  the  prisms  ooP  and  odPoo  with  two  octahedroos — one 
of  110^  (terminal  edge),  the  other  of  60^  Cleavage  not  veiy  dirtinet.  Frsetiiri 
conchoidal.  Hardness  =  6-52.  Specific  gravity  -  3*6.  Lortre  rabmetailic  to 
vitft-ous.  Colour  dark  reddish-brown.  Streak  dirty-yellow.  Snbtnnslncent. 
Heiitcd  in  a  tube,  it  gives  off  water  with  slight  fluorine  reaction.  Before  the  blowpipe 
it  brcomes  dirty-white,  but  do«'s  not  melt.  In  borax  it  dissolves  with  difficulty ; 
with  soda,  on  platinum,  it  forms  a  dirty  yellowish-brown  slag. 

TACBTBSZTB.  Ca'Mg-ClM2H«0  or  Ca''Cl«.2Mg"Cl».12H*0.— This  mtiMnl 
occurs  in  thendine  deposits  of  Stassfurt,  in  roundish, yellow,  transparent  to  tnmslnccBt 
lump?,  which  are  imbedded  in  compact  anhydrite,  and  contain  small  cfystals  of  the 
latter  fnclo>c<l  within  themselves.  It  cleaves  distinctly  in  two  dixections.  Beliqaesess 
quickly  when  exposed  to  the  air. 

TACBTXTTB.  Cuncho'idal  Avgiie. — A  silicate  occarring  in  basal  too  the 


near  Dnansft-ld  in  Hanover,  and  containing  (according  to  Schnedermann)  65*74 
per  cent,  ^ilica.  1 2- 40  alumina,  13*06  ferrr>so-ferric  oxide,  7*28  lime,  5*92  magnesia, 
3*88  soila.  OTtO  pota*^h,  0-19  manganous  oxide,  and  2*73  water.  It  is  amorphons,  with 
Gonchiudul.  even  or  uneven  fracture ;  black  and  opaoue,  with  waxy  Instre  and  daik- 
pt-y  streak:  brittle  and  somewhat  magnetic;  hardness  i«  6*5;  specific  gravity  ■« 
2-.')*6o-  2-o93.  Before  the  bluwpipe  it  melts  vei^  easily,  and  with  intomesecnce,  to  a 
blistered,  brownish-prceo.  magnetic  glass,  and  gives  with  borax  the  reaction  of  ixnn. 

////ii/owf/d?}'-.  a  mineral  occurring  in  the  porous  basalt  of  the  Vogelsgebiige  in 
II esse,  is  uML-illy  regarded  as  identical  with  tachylyte,  but  according  to  Hansmana 
{ILriJfi.d.  Minrra!.  ii.  546\  it  is  a  distinct  species.  According  to  an  analysis  by  C.  O. 
G  m  e  1  i  n  ^IV^g*  Ann.  xlix.  234),  it  contains : 


SOS.       T10«.     A1»0'.        FeO.       CaO.      MrO.    X«»0.      K^O.'    MnO.  JJUJo'SIf- 

50-22      1-41       17-S4      10-26      825     3*37     518      3*86     0*40      0*50      -     101-29 

Nearly  nUieil  to  it  is  a  mineral  from  the  Wetterau,  likewise  analysed  bj  6ms- 
lin  (^Lettnhanl's  N.  Jahrb.  f.  Mineral.,  1840.  p.  549\  which  has  o  specific  grarity  of 
2-70.>.  (ki€5  nvt  };eiatini;«e  with  acid:».and  is  not  decomposed  even  by  boiling  with  stzonff 
sulphuric  acid;  also.i  fcoriai'^^us  augite,  descril>ed  by  D.  L.  G.Ksrsten,  and  analysed 
by  Kl.iprorh  ylHit^Hcf,  iv.  I90>,  frnm  a  limestone  deposit  at  Gniliane  in  Sicily. 
^Haiulw.  d.  Chem..viii.  467.^ 

TMMXOi^  or  K'Hffin. — A  resinous  substance,  supposed  to  constitute  the  actiTB 

f'rv,;iplo  of  kousst^-fli^wers  ^the  flowers  of  Braytra  antkelmimtka).  It  is  eactzaeted 
•Y  il'iiro'ini;  the  flowers  with  strong  alcohol  containing  a  little  potash,  and  is  obtained 
bv  tv:iivRition  as  a  resinous  mas^  or  as  a  white  powder  having  a  hitter  nanseons 
t.isio.  It  melt*  at  aK»ui  lOu^,  {5 nearly  insoluble  in  water,  solnble  in  1300  pts.  spirit 
of  4."^  per  ci-nt.  at  17-.  and  in  12  pts.  alcohol  of  90  per  cent.;  it  dissolves  in  ether  in 
ncirly  aU  pn*iH?riioRs.  and  with  tolerable  facility  in  alkalis,  whence  it  is  precipitated 
by  .ncitls.     ^Pavesi.  Duchn.  N.  Repeit.  riii.  325.— Bedall,  Aid.  546.) 


TAOHiITB.    A  basic  cnpric  phosphate,  Co*P=0«.Cu'H«0«,  fiwm  Kischne-Tagilik 

|iv.  561\ 


TAttVJMnnr,    Tha  ft«it  or  J^cMm  ■fmcafya,  wnked  as  "vemuhls 

faiie  CBide.  vscd  in  Chiiia  as  a  red  enamel 
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Blight  deriAtioii  from  this  composition— yis.,  firam  about  62  to  64  per  eant  siliei,  88  to 
83  magnesia,  and  2*5  to  6  water,  with  from  0'5  to  7  per  cent  fenoiu  aside  zepladqg 
part  of  the  magnesia,  and  occasiomally  small  quantities  of  alomina,  lime,  &e.,  whia 
must  be  regarded  as  impurities.  Someyarieties  appear  to  be  anhydions,  or  to  eositaia 
but  very  little  water ;  but  this  result  is  perhaps  due  to  defectire  analyaio,  as  the  water 
is  expelled  only  at  a  reiy  strong  red  heat.  (For  the  indiridual  an^TseSf  see  Bam- 
melsberg's  Afinera!cknnie,  p.  617.) 

Talc  is  a  very  widely  diffused  mineral,  some  of  its  rarietiee  (eepecialljr  oommoa  tak; 
potstone,  and  steatite)  forming  extensive  beds  in  regions  of  aysteUiDe  rocka.  A|ipU^ 
green  talc  occurs  in  Unst,  one  of  the  Shetland  Isles ;  also  on  the  GreinerMoantun  in 
Salzburg,  and  in  the  Valais,  &c  Potstone  occurs  in  the  Valais  and  the  Griscms,  and  at 
Wald  in  Styria.  Extensive  beds  of  steatite  occur  in  various  parts  of  the  New  Knglind 
States — also  in  New  Jersey,  Pennsylvania,  &c. 

Green  talcose  minerals  occur  at  Fahlun  in  Sweden,  and  at  Gastein  in  the  TjroL  A 
white,  large-laminated,  and  radio-laminated  talc  from  Pressnitx,  in  Bohemia,  eontaios 
about  68  per  cent,  silica,  26  magnesia,  1*2  to  1*6  ferrous  oxide,  and  4*1  water. 
(Scheerer.) 

Slabs  of  steatite  are  extensively  employed  as  firestones  in  fumaoes  and  storsa.  It 
may  be  turned  in  a  lathe,  and  formed  into  tubes  by  boring.  When  gronnd,  it  is  used 
for  diminishing  friction.  It  is  alix)  employed  in  the  manufacture  of  10010  kinds  of 
porcelain.  Venetian  talc  is  used  for  removing  oil-stains  from  woollen  cktba,  Ac, 
(Dana,  ii.  277.) 


(p.  683). 


The  harder  varieties  of  steatite, 
from  China ;  syn.  with  AoAuHTOLrrB  (i.  60). 
A   term    sometimes   applied  to  magneiio-ahiminie  anlpliate 


TAXiCAFATITS.  A  variety  of  apatite  containing  magnesia,  oeeurring  in  six- 
sided  ciystals,  grouped  or  single,  in  the  chlorite-slate  of  the  Schischimskan  Honntains, 
near  Slatoust  in  the  Ural.  According  to  Herman  n  (J.  pr.  Chem.  xzzi.  101),  it  contains 
37*50  per  cent,  lime,  7*74  magnesia,  39*02  phosphoric  add,  2*10  snlphnrie  add,  0*91 
chlorine,  2*23  fluorine  (and  loss),  1*00  oxide  of  iron,  and  9*60  insdlable  matter.  The 
soluble  portion  may  be  represented  approximately  by  the  formula  8Ca'P*0*Jflg"P'0»; 
but  it  is  probably  only  an  impure  apatite,  the  magnesia  being  derived  from  the  gangoe. 

TAZiCJ-CBZiORZTB.    Syn.  with  Clixochlobb. 

TAZiC-ZSOV«OM«  Mapnesian  Iron-ore.  Talkeisenerz.  TeMeranusmagne^fer,^^ 
This  name  is  applied  by  Breithnupt  {Handh.  d.  Mineralo^,  iii.  778)  to  an  iron-ore 
from  the  State  of  New  York,  consisting  (accord! ng to  Piatt  ner) of  femraa  oxide  with 
much  magnesia,  a  somewhat  considerable  quantity  of  titanic  acid,  and  a  small  qnantitT 
of  alumina,  but  no  chromium.  It  forms  cubo-octahedrons,  fissured  internally,  bat 
exhibiting  only  traces  of  cleavage  parallel  to  the  cubic  and  octahedral  fiieea.  It  is 
opaque,  iron-black  with  black  streak,  and  nearly  semimetallic  Inetre.  Hazdneea  rm 
6*0.  Specific  ^vity  —  \'0  to  4*6.  Very  slightly  magnetic  Behaves  before  the 
blowpipe  like  titaniferous  iron-ore. 

TA]LC«XSOVSTOVS«     Talkeisenstein. — ^Breithaupt's  name  for  a  magnetic 

iron-ore  from  Sparta  in  New  Jersey,  having  the  ferrous  oxide  partly  replaced  by  mag- 
nesia. It  is  slightly  magnetic,  and  has  a  density  of  4*41  to  4*42.  Allied  to  this  iaths 
magnesiferous  magnetic  iron-oro  occurring  in  imperfect  octahedrons  in  the  slates  of  the 
Houme  Mountains  in  Ireland,  and  containing,  according  to  Andrews  (J.  pr.  Chem. 

Ivii.  376),  71*41  percent.  Fe«0»,  2159  Fe«0,  and  6*45 MgO Also  Rammelaberg's 

magnoferrite  from  Vesuvius  (iii.  784). 

TAXiC*t»A3UrBT.      Talkgranat.     TalkthongranaL     Magnesian    gurnet  from. 

Arendal  in  Norway  (ii.  772). 

TAXiCZTS,  or  T AXiZZTB.    A  mineral  from  Wicklow  in  Ireland,  allied  to  naciite 
(iv.  1). 

TAZiCOZB.  This  name  was  applied  by  Naumann  to  the  white  laminated  tale 
from  Pressnitz  in  Bohemia  (supra). 

TAX1CO8B  SliATB.  A  dark  slaty  rock,  having  a  somewhat  greasy  feel,  and 
consisting  lai^ely  of  talc,  intimately  mixed  with  felspar  and  quarts. 


Syn.  with  Caiupa-oil  (i.  749). 

S*  An  oxychloride  of  copper,  allied  to  atacamite,  from  the  Botallad: 
mine  in  Cornwall.  It  forms  groenish-blue,  thin,  somewhat  crystalline  cmsts,  composed 
of  small  spherules.     Hardness  =  3.     Specific  gravity  »  3*5.    It  is  insoluble  in  ifater» 
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These  widely  different  retnilta  eannot  be  reduced  to  a  nni^  fccBnla: 

a  may  be  approximately  represented  by  8CuO.Aa*C)*.13H*0  -  Cii*A4K)*.5CiiH^O'.8«q. 
candd  „  „  8CuO.Ab«OM6H«0  -  Cu«A^»O«.5CnH?O^.10ii. 

b  ,,  H  8CaO.As*0*.23H*0  -  Cu*A8H)*.6CiiHK>>.18a9. 

The  principal  Comi8h  localities  of  tliis  mineral  are  the  copper  minen  of  ^mgtaaf, 
Huel  Gorlana,  and  Huel  Unity,  near  Redruth.  It  occurs  also  cgyatilliufwi  in  iroo-on 
at  Sayda  in  Saxony,  in  minute  crystals  at  fierrengmnd  in  Hnngaiy,  aad  at  Moldavaia 
the  Bannat.    It  is  sometimes  found  altered  to  chrysocolla. 

TAlttAXZZ.  From  the  flowers  of  the  French  tamarisk  (  Tawuirix  gMiea\  a  crj»> 
talline  iridescent  substance  may  be  obtained,  by  exhaustion  with  alooliol  anderapon- 
tion  (Lan  de  r  er).  The  leares  contain  a  laige  quantity  of  potaasic  wilphata.  T,  lax* 
grows  dbiefly  on  the  Kirghis  Steppe:  100  jAb.  of  the  young  air-dried  pUat  yield  88'7 
per  cent,  ash,  containing  12*6  per  cent,  sodic  carbonate,  62*0  sodio  ^uaridc^l-8  ■odic 
sulphate,  and  3-0  potassic  sulphate,  together  with  38-8  pts.  insolabla  aalts.     (Gob el.) 

Tamarix  mannifera  yields,  m  consequence  of  the  puncture  of  an  inaeet  {OBeeuMwummi* 
ftrua),  a  saccharine  substance,  the  so-called  Manna  of  Smai,  which  is  %  yalloiw  syrup 
containing  66  per  cent,  caneniugar,  26  iuTcrted  sugar,  20  dextrin,  &e.  (Bertha lot, 
Compt  rond.  hii.  683.) 

TAMTAJMtS,  or  Gong-ffongs.— Chinese  musical  instruments  lumiiff  Uie  Ibm  of  a 
kettle-drum,  and  sounded  by  beating  them  with  a  stick  coreredwith  leau«r.  Aooordiiy 
to  Elaproth,  they  are  formed  of  an  alloy  of  78  pts.  copper  to 22  pCa.  tin.  Aeeoiding 
toGenth(Mitth.a.  Oewerbevereins,  f.  Hannover,  1869,  p.  106),  they  ecmsist  of  80  per 
cent,  copper  and  20  per  cent.  tin.  According  to  Julien  (Compt. rend.  zxir.  1069),  the 
Chinese  alloy  the  copper  for  these  instruments,  and  for  cymbcdfl,  &c.,  with  }pt.  oC 
tin. 

TAVACBTIO  ACXB.    An  acid  said  by  Peschier  (J.  Chim.  mM.  it.  6S\  to 

exist  in  the  flowers  of  the  common  tansy  {Tanoftium  ffufgert).  It  is  emtaUine, 
soluble  in  water,  forms  crystallisable  salts  with  potash  and  soda,  «nd  pvsdpitatea  the 
solutions  of  calcium,  bariimi,  zinc,  lead,  silver,  copper,  and  mercury. 

TAVACBTZV.  A  bitter  substance  obtained  from  the  leavea  and  flowers  of 
tansy.  It  is  prepared  in  the  same  manner  as  absinthin  firom  womiwood  (i.  2),  and 
forms  a  yellowish- white,  granular,  inodorous  muss,  easily  soluble  in  etfaer,  sparingly  in 
alcohol,  still  less  in  water.  The  solution  has  a  bitter  and  rather  sharp  taste,  and  is 
precipitated  by  plumbic,  ferric,  and  mercurous  salts,  not  by  tannic  ndd.  (From berg, 
Geig.  Magaz.  riii.  36. — Leroy,  J.  Chim.  med.  xxi.  367.) 

TAVACBTVM  'VtObOAJtB.  Tansy.^The  leaves  of  this  plant  contnin  vda- 
tile  oil,  a  bitter  extractive  matter  called  tanacetin  {8upra\  tannin,  sugar, malic  add, 
and  other  substances.  The  flowers  contain  the  same  constituents,  but  are  richer  in 
volatile  oil,  and  (according  to  Peschier)  they  also  contain  tanaeetic  acid.  The 
seeds  contain  volatile  oil,  fat  oil,  and  a  bitter  substance. 

The  volatile  oil  of  tansy,  obtained  by  distilling  the  leaTes  or  flowers  with 
water,  has  a  specific  gravity  of  0*92  to  0*93,  dissolves  easily  in  alcohol  of  spedfie 
grarity  0-86,  thickens  on  exposure  to  the  air,  dissolves  in  iodine,  but  is  not  sensibly 
acted  upon  by  it.  When  distilled  with  chromate  of  potassium  and  sulphuric  acid,  it 
yields  a  volatile  crystalline  body,  having  the  composition  of  ordinary  camphor 
(Persuz,  Compt.  rend.  viii.  433;  Vohl,  Pharm.  CentralbL  1863,  p.  318).  ft  is 
decomposed  and  dissolved  by  nitric  and  by  sulphuric  acid. 

TAJf  AB-AMPO.  A  plastic  earth,  occurring  in  Java,  and  used  by  the  natives  as 
food,  after  being  dried  over  a  charcoal-fire.     (Mohnike,  J.  Chim.  mW.  iv.  68.) 

TABOBZBZA  MABAOA8CABZBBBZ8.  A  shrub  indigenoos  in  Mada- 
gascar, the  kernels  of  which  contain,  besides  fat  oil  and  the  ordinaiy  pUnt-coosti- 
tuents,  a  crystallisable  substance  called  tangh  in -camphor  or  tangninin.  To 
prepare  this  substance,  the  almonds  are  freed  from  oil  by  pressure,  thea  Jwil^^nHfi^ 
with  ether,  and  the  ethereal  solution  is  left  to  evaporate.  Tanghinin  then  remains 
behind,  and  may  be  obtained,  by  solution  in  alcohoi  and  spontaneous  eraporation,  in 
colourless,  transparent,  shining  scales,  which  effloresce  on  exposure  to  the  air.  It  has 
a  sharp  bitter  taste,  and  afterwards  produces  a  feeling  of  constriction  in  the  throaL  It 
melts  to  a  resin  when  gently  heated,  but  is  not  volatile.    It  dissolves  in  aoetie  arid. 
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occurring  in  the  bark  and  other  parts  of  plants,  and  distinguished  by  the  following 
characters.  They  are  mostly  amorphous,  nave  a  slight  acid  reaction,  and  a  rough 
but  not  sour  taste ;  colour  ferric  salts  black-blue  or  green ;  precipitate  albvmin  and 
gelatin  from  their  solutions ;  and  unite  with  animal  membrane  into  a  mass  which 
resists  putrefaction,  namely  leather,  the  skin  then  becoming  tanned.  All  these 
substances  were  formerly  supposed  to  be  identical  with  gallotannic  acid  (ii.  762), 
or  to  differ  from  it  only  in  consequence  of  the  admixture  of  foreign  matters ;  but  more 
exact  inYestigution  has  shown  that  most  of  them  differ  in  some  essential  properties 
from  gallotannic  acid,  which  indeed  exists  only  in  Turkish  and  Chinese  gall-nuts,  and 
in  ordinary  oak-apples.  Of  the  other  varieties  of  tannin,  the  most  distinctly  cbarae- 
terised  are  caffetannic  acid  (i.  709),  catechutannio  or  cacKoutannio  acid  (i.  817), 
marintannic  acid  or  tannin  of  fustic  (iii.  1049),  quercUannic  acid  or  tannin  of  oak-bark 
(v.  6),  and  quinotannic  or  cijichona-tannic  acid  (y.  30). 

The  tanmns  may  be  divided  into  two  ^ups — those  which  give  black  or  blue,  and 
those  which  give  olive-green  precipitates  with  ferricsalts;  and  Stenhouse  has  shown  that 
most  of  the  tannins  which  give  bluish-black  precipitates  with  ferric  salts  are  gluco- 
sides,  being  resolved  by  boiling  with  dilute  acids  into  glucose  and  another  subiftanoe, 
a  property  first  pointed  out  by  Strecker  in  the  case  of  gallotannic  add,  which  yields 
glucose  and  gallic  acid: 

C^H»*0"  +  4H«0     -     C«H»H)«   +   8C»H«0»; 

whereas,  among  those  which  give  green  precipitates  withferric  salts,  only  one  (namely, 
the  tannin  of  willow-bark)  appears  to  be  a  glucoside. 

Oallotannic  acid  submitted  to  dry  distillation  yields  pyrogallie  and  metagallic 
acids,  together  with  carbonic  anhydride  (ii.  765) : 

C«'H«0"  -     3C«H«0«  +   C«H*0»   +   3C0«; 

Gallotannic  Pjrrogallic        Metagallic 

acid.  acid.  acuL 

whereas  all  those  tannins  which  turn  ferric  salts  green,  yield,  by  dij  distillation,  oxy- 
phenic  acid  or  pyrocatechin,  C'H'0^  which  differs  from  pyrogallie  add  by  containing 
1  at.  oxygen  less  (iv.  315). 

All  tannins  are  remarkable  for  the  avidity  with  which  the^  absorb  oxygen,  espedallr 
in  presence  of  alkalis,  being  thereby  converted  into  bodies  of  Yarions  ooloor — rea, 
brown,  black,  and  even  green :  cg.^  gallotannic  add  into  tannoxylic  or  tannomelanic 
acid ;  caffetannic  acid  into  viridic  acid ;  quinotannic  add  into  cinchona-red,  &c. 

Tannins  occur  especially  in  perennial  plants,  but  are  likewise  found  in  annnals  and 
bienniab.  They  occur  in  the  perennial  roots  of  herbaceous  plants,  in  the  bark  of 
most  tree-stems,  and  in  the  young  branches  of  shrubs  and  other  woody  plants.  Tbey 
are  also  found  in  the  husks  of  fruits  and  seeds,  and  in  unripe  fruits,  less  frequently  in 
the  leaves,  and  least  of  all  in  the  petals.  According  to  Wahlenberg,  they  are 
never  found  in  the  interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contain 
caoutchouc  or  milky  juice. 

Iron-blueing  tannins  are  found  in  gall-nuts  and  oak-apples ;  in  the  leaves,  bark,  fte. 
of  the  oak,  poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  Arbutus  Uva-urn^ 
Arbutus  Unedoy  and  Lythrum  Salicaria ;  the  stalks  of  Ribea  rtdfrum ;  tiie  bark  o£ 
Comus  tnasciUa,  and  many  other  plants  and  vegetable  organs.  Iron-greening  tan* 
nins  occur  in  catechu,  cinchona-barxs,  pines,  and  fir;  in  the  root  of  Crameria  iriamdra, 
Bheum  rhaponticum^  Pottntilla  tormtntUla ;  in  the  bark  of  Salixtriandra  and  Aundu^ 
lata^  of  Alntu  glutinosa^  Pinm  Larix,  Rhizophora  Mangle  (the  common  black  man- 
grove), and  of  many  other  plants. 

R.  Wagner  (Bull.  Soc.  Chim.  1866,  ii.  461)  divides  tannins  into  pathological 
tannins,  found  only  in  diseased  vegetable  tissues,  such  as  gall-nuts  and  oak-apples ; 
and  physiological  tannins,  which  occur  in  bark  and  other  parts  of  plants  in  their 
ordinary  state.  Both  kinds  of  tannins  predpitate  gelatin  from  its  solnticm,  bnt  only 
the  physiological  tannins  are  capable  of  forming  with  it  a  true  leather  not  liable  to 
putrefy. 

All  varieties  of  tannin  are  precipitated  by  oiganic  alkaloids.  According  to  Wagnar, 
1  gramme  of  quercitannic  acid  requires  for  precipitation  0*3715  grm.  of  dncbonine ; 
and  assuming  that  the  tannins  of  sumach  and  other  astringent  substances  form,  with 
a  solution  of  sulphate  of  cinchonine,  predpitates  having  the  same  oompoeition,  he 
obtains  the  following  results  respecting  the  strength  of  various  substances  used  in 
tanning : — 

Bark  of  young  oaks  contains  .        «  10*80  per  cent  tannin. 

Ordinary  oak-bark ^  6*25  „ 

Pine-bark  .        .  ...  *7*33  „ 

Beech-bark 200  „ 


662  TANTALUM. 


Atomic  Vfeiff hi,  182.  Symbol,  Ta,  (Ekeberg;  Crell's  Annaleo. 
1803,  Bd.  i. — Berzelius,  Pogg.  Ann.  iy.  6. — Wohler,  ibid.  zlTiii.  91.— H.  Rose, 
ibid.  Ixiii.  317;  Ixix.   116;  Ux.   157;  Ixxiv.  8-5,  285;  xc.  456;  xcix.  65;  Jahresb. 

1856,  p.  366;  1857,  p.  176. — Hermann,  J.  pr.  Chem.  Ixr.  81 ;  Ixx.  193;  Jahresb. 

1857,  p.  175;  1858,  p.  149;  Bull.  Soc.  Chim.  1866,  ii.  22.— Blomstrand,  Jahresb. 
1865,  p.  195  ;  Bull.  Soc.  Chim.  1866,  ii.  27.— Mari^nac,  ibid.  pp.  Ill,  118.) 

This  metal  was  discovered  in  1802,  by  Ekeberg,  in  two  Swedish  mineTaU,  tantalite 
and  jttroCantalitc.  A  very  similar  metal,  columbium,  had  been  disoovered  in  the 
preceding  year  byHatchett  (Crell's  Annalen.  1802,  i.  197»  267f  352),  in  colnmbite  from 
Massachusetts ;  and  Wollaston,  in  1807  (Gilb.  Ann.  xxxvii.  98),  on  comparing  the 
compounds  of  these  metals,  concluded  that  they  were  identical,  an  opinion  which  waa 
for  many  years  received  as  correct ;  but  their  separate  identity  has  been  completely 
established  by  the  researches  of  H.  Rose  (commenced  in  1846),  who  gAve  to  the 
metal  obtained  from  the  American  and  Bavarian  columbites  the  name  SioMMm  (ir. 
48),  by  which  it  is  now  universally  known.  More  recently,  M  a  r  i  gn  a  c  has  shown  that 
nearly  all  tantalites  and  columbites  contain  both  tantalum  and  niobium  or  oolmnbium ; 
some  tantalates  from  Kimito  in  Finland  being,  however,  frf>efrom  niobium,  and  some 
of  the  Greenland  columbites  containing  only  the  latter  metal  unmixed  with  tantalum. 
In  all  these  minerals,  tantalum  exists  as  a  tantalate  of  iron  and  manganese ;  yttrotan- 
talite  is  essentially  a  t^mtalato  of  yttrium,  containing  also  uranium,  oileittm,  iron,  and 
other  metals.     Tantalum  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium  or 
sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water.  The  re<luced  metal  thus  obtained  is  not  quite  pure,  being 
more  or  less  contaminated  with  acid  tantalate  of  sodium,  the  quantity  of  whidi  may 
however,  be  diminished  by  covering  the  mixture  in  the  crucible  with  chloride  of  pO' 
taiisium. 

Tantalum  is  a  black  powder,  which  (according  to  H.  Rose)  is  a  good  oonduetor  of 
electricity,  and,  after  ip^nition  in  a  stream  of  hydroeen,  has  a  speriflc  graritr  of  10*78. 
Wlien  heated  in  the  air,  it  burns  with  a  bright  light,  and  is  converted,  though  with 
difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydrochloric,  nitric,  or 
even  nitromuriatic  acid.  It  dissolves  slowly  in  warm  aqueous  hydrofluoric  add,  with 
evolution  of  hydrogen,  and  vciy  rapidly  in  a  mixture  of  hydrofluoric  and  nitric 
acids. 

Tantalum  in  it«  principal  compounds  is  pentatomic,  the  formula  of  tantalie  diloride 
being  TaCl\  that  of  tantalic  fluoride  TaF^,  and  that  of  tantalic  oxide  (which,  in  com- 
bination with  bases,  forms  the  tantalates)  TaO*.  There  is  also  a  tantaloiis  oxide  haying 
the  composition  TaO*,  and  a  corresponding  sulphide,  TaS*. 

TAVTAZiVM,  BSOKXBB  OF,  probably  TaBr».— Prepared,  like  the  chloride, 

by  passing  brumine-vapour  through  a  tube  filled  with  a  mixture  of  tantalic  oxide  and 
porous  charcoal.  It  is  usually  coloured  yellow  by  excess  of  bromine,  from  which  it 
cannot  easily  be  freed. 

TAVTAZiinir«    OR&O&XBB  OV*  or  TAWTAIiIO   OBBOBIBa*  TaCl*. — 

Tantalum  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but»  when  gently 
heated  in  a  stream  of  the  gas,  it  is  converted,  with  incandescence,  into  tantalic 
chloride,  which  distils  off. 

The  chloride  is  prepared  by  passing  chlorine-gas  over  a  heated  mixture  of  tantalie 
oxide  and  charcoal.  Tantalic  oxide  is  mixed  wi3i  starch  or  sugar,  and  the  mixture  com- 
pletely charred  by  ignition  in  a  covered  crucible.  It  is  then  introduced  in  small  pieces 
into  a  glass  tube,  which  is  strongly  heated  by  a  charcoal- fire,  while  a  stream  of  drr  car- 
bonic anhydride  is  passed  through  it  As  soon  as  all  the  moisture  is  expellea,  the 
tube  is  left  to  cool,  the  flow  of  carbonic  anhydride  being  still  kept  up ;  the  earbooie 
anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus,  and  the  tube  anin 
heated,  after  the  carbonic  anhydride  and  atmospheric  air  have  been  completely  ezpdled 
by  the  chlorine.  Chloride  of  tantalum  is  then  obtained  in  the  form  of  a  sublimate 
having  a  pure  yellow  colour.  If,  however,  the  tantalic  oxide  contains  tungstie  oxide, 
the  colour  of  the  sublimate  is  red  ;  and  if  stannic  or  titanic  oxide  is  present,  yellov 
drops  of  liquid  chloride  are  also  produced.  (H.  Rose  and  R,  Weber,  Ann.  Ch.  Aarm. 
Ixxxviii.  246.) 

Tantalic  chloride  begins  to  volatilise  at  144<',  and  melts  to  a  yellow  liquid  at  221^. 
Its  vapour-density,  at  temperatures  between  350^  and  440^,  is  equal  to  1S-4S 
(DevilleandXroost,  Bull.  Soc.  Chim.  1866,  ii.  120);  agreeing  very  neazly  with  the 

density  calculated  ^m  the  formula  TaQ*,  namely  12*46  (•  182  -t-  5  ,  8g-5  ^ 
00693). 
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3.  Esiimation  and  Separation. — ^Tantalam  is wtiniated  in  thelbmi  of  tantalie 
oxide,  Ta*0*,  containing  81*98  per  cent,  of  the  metal.  Tantalic  <»ade  or  mnhjdnde 
maj  be  separated  from  the  bases  with  which  it  occurs  in  natnio— namelj,  lime, 
magnesia,  yttria,  zirconia,  and  the  oxides  of  iron,  manganese,  and  nra- 
n  i  u  m — by  fusion  with  hydrate  or,  better,  with  aad  aufpkate  of  potassium,  in  the  manner 
to  be  presently  described  (p.  665).  Some  tantalates  may  be  deoomposed  bj  snlpknrit 
acid,  the  tantalic  acid  being  separated  in  the  insoluble  state,  and  all  the  baaee  paanug 
into  solution.  Tan talate  of  zirconium  may  be  decomposed  in  this  manner.  On 
treating  that  compound  with  strong  sulphuric  add,  and  digesting  the  coded  mass  for 
some  time  with  a  large  quantity  of  water,  sulphate  of  zirconium  dissolres,  and  tantalie 
oxide  remains  in  combination  with  sulphuric  acid,  from  which  it  maj  be  purified  by 
repeated  boiling  with  water. 

From  the  alkalis,  tantalic  acid  may  be  completely  separated  by  snlphnrie  add, 
provided  the  compoimd  is  soluble  in  water.  In  the  contrary  case,  it  mnst  first  be 
frised  with  carbonate  or  hydrate  of  potassiimi.  If,  however,  the  quantity  of  alkali  is 
to  be  likewise  estimated,  the  compound  must  be  rendered  soluble  by  fbaion  with  sul- 
phate of  ammonium.     (H.  Rose.) 

From  titanium,  with  which  it  sometimes  occurs  in  nature,  tantalum  may  be  sepa- 
rated by  fusing  the  mineral  with  acid  sulphate  of  potassium,  and  treating  the  fused 
mass  with  a  large  quantity  of  water.  Titanic  acid  then  dissolves,  especially  if  the 
water  is  slightly  acidulated  with  hydrochloric  acid,  while  tantalic  sulphate  remains 
undissolved.  The  titanic  acid  is  precipitated  from  the  solution  by  boiling:  the  sepa- 
ration is,  however,  not  very  complete.  In  some  cases  the  decomposition  may  be 
effected  by  sulphuric  acid. 

The  separation  of  tantalum  from  niobium  is  effected  by  means  of  etddfiuoride  of 
potassium,  whereby  the  former  metal  is  converted  into  fluotantalate  of  potassium, 
2KF.TtiF*,  requiring  151  to  167  pts.  of  water  acidulated  with  hydrofluoric  acid  to 
dissolve  it  at  ordinary  temperatures,  and  the  latter  into  fluoxjmiobate  of  potassium, 
2KF.NbOF'.H'0,  soluble  in  12-4  to  13  pts.  of  cold  water.  The  mineral  (a  tantalite 
or  columbite)  having  been  decomposed  by  fusion  with  three  times  its  weight  of  acid 
potassic  sulphate,  the  collective  weight  of  the  niobic  and  tantalic  oxides  thereby 
separated  is  ascertained ;  they  are  then  afcain  fused  with  acid  sulphate  of  potassium ; 
the  sulphate  is  dissolved  out  by  water;  the  residue  is  treated  with  hydroflnoric  add; 
and  a  boiling  solution  of  hydropotassic  fluoride  is  gradually  added.  The  liquid  thus 
obtained  yields,  after  a  certain  degree  of  concentration,  a  deposit  of  potassic  fluotan- 
talate, which  must  be  washed  with  water  on  a  weighed  filter,  till  the  wash-waters  no 
longer  yield  an  orange-coloured  predpitate  with  infusion  of  galls. 

4.  Atomic  Weight  of  Tantalum. — The  older  experiments  on  the  constitution  of 
the  tantalum-compounds  did  not  yield  correct  results,  because  the  tantalum  used  was 
impure,  containing  niobium.  Berzelius  regarded  tantalic  oxide  as  TsH^ ;  H.  Rose 
regarded  it  as  TaO*,  the  chloride  as  TaCl^,  &c.  But  from  the  observations  of  Muignae 
on  the  isomorphism  of  the  fluotantalates  and  fluoniobates,  and  from  the  rapour-doisity 
of  the  chloride  (p.  662),  it  appears  that  tantalum  is  pentatomic,  forming  the  compounds 
TaCl»,  TaF»,  Ta'O*,  &c. 

Marignac  has  determined  the  atomic  weight  of  tantalum  chiefly  from  the  composi- 
tion of  th(t  fluotantalates  of  potassium  and  ammonium,  which  are  anhydrons  and  do  not 
undergo  any  alteration  at  100°.  The  potassium-salt  was  treated  with  pure  concentrated 
sulphuric  acid ;  the  excess  of  that  acid  gradually  driven  off,  the  temperature  being 
finally  raised  to  400° ;  and  the  residue  was  boiled  with  water,  which  dissolved  the 
acid  sulphate  of  potassium,  and  left  tantalic  sulphate  in  small  granular  crystals,  whidi. 
when  calcined  at  a  strong  heat,  yielded  pure  tantalic  oxide.  The  acid  sulphate  of 
potassium  was  reduced,  by  evaporation  and  calcination,  to  neutral  sulphate,  which  was 
weighed.  Four  closely  accordant  analyses  yielded,  as  a  mean  result^  56*6  pts.  tantalie 
oxide  to  45*4  pts.  neutral  sulphate  of  potassium,  according  to  which  the  atomic  weig^ 
of  tontalic  oxide,  Ta^\   «  41 46,  and  that  of  tantalum  -   182*3. 

By  calc\dating  merely  from  the  weight  of  the  neutral  sulphate  of  potassium  com- 
part with  the  original  weight  of  the  fluotantalate,  2KF.TaF*,  the  atomic  weight  of 
that  salt  is  found  to  be  392*8,  whence  Ta  ■>   181*8,  a  number  very  near  the  preceding. 

Fluotantalate  of  ammonium,  by  conversion  into  tantalic  oxide,  loses  36*75  per  cent, 
of  its  weighty  a  loss  corresponding  to  the  replacement  of  2NH*  +  7F  »  169  by 
|0  »  40,  leaving  a  difference  of  129 ;  and  the  proportion,  36*75  :  100  ■■  129  :  x, 
gives  X  =:  351  fur  the  atomic  weight  of  fluotantiilate  of  ammonium,  whence  Ta  «  182. 
This  is  the  number  adopted  by  Marignac  for  the  atomic  weight  of  tATit^lnm  ;  *  it 
perfectly  with  the  vapour-density  of  the  chloride  (p.  662). 

•  H.  Rof  e  (Ann.  Ch.  Pharm.  c.  126)  found  In  Impure  chlorMe  of  tantalum  49*25  pereent. 
and  M-TS  chlorine,  which,  for  the  formula  TaCl>,  give«  Ta  »  172. 
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hydrofluoric  acid,  and  treated  with  add  fluorida  of  potaasivm  In  the  Buuiiicr  tbmdf 
deflcribed  (p.  664).  The  pure  flnotantalate  of  potaanuBi  thus  ohtaisad  is  deeonpoaed 
by  heating  with  sulphuric  acid ;  the  sulphate  of  potassium  diMolrad  oot  by  boUiw 
with  water ;  and  the  remaining  tantalic  sulphate  strongly  ignited  to  espal  the  mh 
phuric  acid  (Marignac).  Bj  this  process,  Marignae  haa  prapafied  coondanUe 
quantities  of  tantalic  oxide  from  columbitea  containing  that  eompwmd  togatlMr  with 
niobio  oxide. 

Anhydrous  tantalic  oxide,  obtained  by  igniting  thehydrata  or  anlphate,  ia  a  white 
powder,  whidi  remains  white  when  heated,  or  acquires  but  a  vnrf  fiunt  tinge  of  yalkw. 
Its  specific  gravity  varies  fh)m  7*022  to  8*264,  increasing  with  the  temmntnre  to 
which  it  has  been  exposed  (H.  Rose);  according  to  Marignac,  the  apecnle  gnrity 
«■  7'60  to  7*64.  Nordenskjoldand  Chydenius  (Pogg.  Ann.  ex.  642;  Jahreeb. 
1860,  p.  145),  by  fusing  it  with  microcosmic  salt^  and  treating  the  fbaed  maas  with 
hydrochloric  acid,  obtained,  together  with  the  amorphous  oxide,  a  small  quantity  of 
heavy  needle-shaped  crystals,  which  were  rhombic  combi_nations  with  the  dominant 
faces,  oDp,  ^00 ,  and  the  angles  ooP  :  ooP  -  100^  42* ;  Poo  :  ^oo  over  the  principal 
axis  »  90^  20'.  Tantalic  oxide  neither  melts  nor  volatilises  when  heat«d,  and  is 
destitute  of  taste  and  smell.  It  is  reduced  to  the  metallic  state  in  the  civeuit  of  a 
very  powerful  voltaic  battery ;  partially  also  by  very  strong  ignition  in  contact  with 
charcoal.  When  heated  in  ammonia-gasy  it  yields  nitride  of  tantalnm ;  and  bj  ignition 
in  cyanogen-gasy  it  is  partially  converted  into  nitride  and  (n^anide  of  tantalum  (H. 
Bose).    Ignited  in  Tapour  oi  carbonic  diiulphide^  it  yields  diaulphide  of  tM»tm1mn : 

Ta«0*  +  6CS«     -     2TaS«  +  6C0  +   8«. 

Tantalic  oxide  is  insoluble  in  all  acids,  and  can  only  be  rendered  soloUe  by  ftisioo 
with  hydrate  or  carbonate  of  potassium. 

Hydrated  tantalic  oxide,  or  Tantalic  aeid,  obtained  by  precipitating  an  aqneoas 
solution  of  potassic  tantalate  with  hydrochloric  acid,  or  uj  deoompoeinff  tantalic 
chloride  with  water  containing  a  little  ammonia,  is  a  snow-white  bnlky  nowder.  whidi 
reddens  litmus-powder  while  moist,  and  dissolves  in  hydrochloric  ana  hydfoAaorie 
acids.  When  strongly  heated,  it  gives  off  its  water  and  becomea  incandeaeenL  The 
hydrate,  obtained  by  fusing  tantalite  with  acid  sulphate  of  potassium  as  abofe  des- 
cribed, is  of  a  denser  and  more  crystalline  character,  inaoinble  in  all  adds  except 
hydrofluoric  and  strong  sulphuric  acids,  and  is  precipitated  from  the  sulplniriesoilntion 
by  water.    When  heated  it  becomes  anhydrous,  but  does  not  emit  li^t. 

Tantalates,    o/£?o  I '^'^*^*  *°^  4M«0.8Ta»0»  »  (according  to  Marignac).— 

The  first  of  these  formulse  includes  the  native  tantalates ;  the  second,  certain  eauly  crya- 
tallisable  tantalates  of  the  alkali-metals. 

The  tantalates  of  the  alkali-metah  are  soluble  in  water,  and  are  obtained  by  Ibsing 
tantalic  oxide  with  caustic  alkalis.  Tantalic  oxide  fhsed  with  hydrate  tfpoUMhtm  in. 
a  silver  crucible,  forms  a  transparent  mass  of  potaasic  tantalate,  which,  after  ooohn^ 
dissolves  completely  in  water.  With  hydrate  of  sodium,  it  fuses  into  an  opaque  turbid 
mass,  and  ultimately  deposits  a  sediment-,  which  is  not  taken  np  by  ftmon  with  any 
excess  of  the  alkali.  Water  poured  upon  the  fused  mass  when  cold,  disKilres  out  the 
excess  of  soda,  but  not  a  trace  of  tantalic  acid ;  and  the  residue,  when  trested  with 
fresh  water,  dissolves  and  forms  an  opalescent  solution  of  acid  sodic  ttntalstft,  which 
salt  is  completely  insoluble  in  a  strong  solution  of  caustic  soda,  and  is  theceibre  preci- 
pitated on  mixing  the  liquid  with  the  solution  of  soda  prerioualy  obtained  by  treating 
the  fused  mass  with  water.  When  tantalic  oxide  is  fused  with  potstne  or  sodic 
carbonate,  the  fused  mass  is  not  completelv  soluble  in  water. 

The  tantalates  of  the  earth-metaU  and  heavy  metaU  are  insoluble  in  water,  and  are 
Ibrmed  by  precipitation  (p.  663). 

Ferrous  Tantalate,  FeO.TaW.—This  salt  occurs  native  aa  tantalite  and 
tapiolite,  rarely  however  quite  pure,  the  iron  being  generally  more  or  less  replaced 
bv  manganese,  and  the  tantalum  by  niobium,  tin,  and  sirc<mium.  Ocdnmbite  or 
niobito  is  a  mineral  of  analogous  constitution,  containing  both  tantalum  and  niobinm, 
the  latter  however  predominating :  some  of  the  Greenland  colombites  <!iMitain  only 
niobium,  without  tantalum. 

Tantalite  is  found  at  several  localities  in  Finland,  at  Bioddbo  and  Finbo  near 
Fahlun  in  Sweden,  and  at  Chanteloub  near  Limoges  in  France.  It  occurs  in  trime- 
tric  crystals  having:  the  sxes  a:  b:  c  »  0*6517:  0*8170  : 1,  and  uaualhr  bonndad  by 
the  faces  P  and  odPJ,  with  oof  oo,  oop  oo,  I^,  PJ,  f  od,  and  st  od  subordinate.  Angle 
P:P  (terminal)  -  126^1'  and  112^32';  (lateral)  «  9lo  44'.  Twina  nnit^d^ 
the  face  ooPooaro  of  frequent  occurrence    (A.  E.  Kordenskjold,  Pogg.  Ann.  d. 

•  Aeeordinff  to  H.  Rom,  the  formula  of  the  normal  tantalates  la  M^O.STaO*,  wktch,  wtth  the 
paoUtomic  value  of  tantalum,  becomes  6U<0.4Ta«Os.  Several  acid  tantalate*  are  daNrlbed  bf  Ros  • 
and  by  H  e  r  n  a  n  n,  for  which  see  Hamdto.  d,  Ckem,  vlli.  M7. 
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625  ;  Jahresb.  1857*  p.  682).  The  minend  lik«friM  ooeun  massive,  and  imbedded,  in 
angular  fragmenta  of  irregular  shape.  Haidnesa  »i  6*0  to  6*5.  Specific  gravitr  a 
about  7*0  to  8'0.  Opaque,  with  imoerfect  metallio  lustre  and  iron-black  colour,  black- 
brown  to  cinnamon- Drown  when  pulverised.    Fracture  mostly  uneven. 

Nordenskjold  distinguishes  as  ixiolite,  a  st&nniferous  and  manganiferons  variety 
of  tantnlite,  occurring,  together  with  the  preceding  (which  he  desi^patea  as  skogbo- 
lite,  or  simply  as  tant&lite),  at  Skogbole  in  Finland.    It  likewise  forms  trimetrio 

Srisms,  but  having  the  axes  a  :  b  :  o  ■■  0*5608  :  h2460 :  1.  and  exhibiting  the 
ominant  combination  oP .  ooP  oo  .  ool^  oo,  with  P,  ooP,  f*  oo,  3P  od,  and  ^P  od  subor- 
dinate. Hardness  »  6*0  to  6*5.  Specific  gravity  *»  7*0  to  7*1.  Lustre  fiiintly 
metallic.  Colour  black-grey  to  steel-grey,  brown  in  powder.  Fracture  flat,  conchoidal, 
sometimes  nearly  uneven. 

The  more  stanniferous  varieties  of  tantalite  are  designated  by  Hausmann 
{Lehrb.  d.  Mineral,  p.  960)a8Cassiterotantalite,  the  less  stanniferous  as  Sidero- 
tantalite;  the  former  are  also  sometimes  designated,  according  to  their  localities, 
Hs  Finbo  and  Broddbo  tantalitesi  the  latter  as  Kimito  and  Tammela 
tantalites. 

Tapiolite,  occurring  at  Sukkula  in  Tammela,  Finland,  has  the  composition  of 
tantalite,  but  crystallises  in  dimetric  forms,  having  the  same  angles  and  ratio  of  axes 
as  rutile ;  ferrous  tantalate  is  therefore  dimorphous  (or  trimorphous,  if  ixiolite  is 
really  a  distinct  crystallographic  species).  (Nordenskjold,  Pogg.  Ann.  cxxii.  604  ; 
Jahresb.  1864,  p.  855.) 

All  tantalites  (including  tapiolite)  are  infusible  and  unalterable  before  the  blowpipe. 
They  dissolve  easily  in  borax  and  microcosmic  salt,  giving  the  reactions  of  iron  and 
manganese.  The  more  stanniferous  varieties,  heated  on  charcoal  with  sodic  carbonate^ 
yield  numerous  spanffles  of  tin.    Tantalites  are  not  attacked  by  acids. 

The  following  ana^rses  of  tantaUte  are  from  Bammelsbeig's  MinenUekewU,  pp.  890, 
391  ;  those  Of  tapiolite  arebyArppe  (Jahresb.  1862,  p.  753) and  A.  Nordenskjold 
(Pogg.  Ann.  cxxii.  604;  Jahresb.  1864,  p.  856): — 


Chanteloub,  near  lAmogu* 

Dsaiour.  Jeusidi. 


Sp«dflc  fraTltjr 

Tantalic  oxide 
Stannic  oxide 
Silica 
Zirconia 
Ferrous  oxide 
Manganous  oxide 


7*64— y-ss 


14*62 
trace 


7-m 

if  56 
102 

1-64 
14*48 
trace 

100*69 


7-Os7_7*04S 

78*98 
2*36 

6*72 
13*62 
trace 

100*68 


Torrobjf  in  Tammela^  Fifdand, 


Specific  gravity 

Tantalic  oxide 
Stannic  oxide 
Ferrous  oxide 
Manganous  oxide 
Lime 
Cupric  oxide 


NodmikidkL 
7*26* 

8^49 

trace 

13*76 

112 


98*36 


Jacobcon. 
7197 

8ri6 

0*32 
14*68 
0*90 
0*07 
1*81 

101*93 


Klaproih. 


Spedfle  gravltjr 

Tantalic  oxide  . 

Stannic  oxide  . 
Ferric  oxide 

Ferrous  oxide  . 
Manganous  oxide 

liime   .    .     .  • 
Cupric  oxide 


SkogboU  in  KimUo,  Finland, 

Bentlioi.        Hermann.    Norden. 

»kJ6ld. 


88 


10 
2 


83*2 
0*6 

7*2 
7-4 


7-996 

85T6 
0*80 

12*94 
1*60 
0*56 
0*72t 


84*09* 
0*70 

1008 
3*33 
1*32 


7S& 

87*44 
1*26 

13-41 
0*96 
016 
014 


Brook** 

•  • 

84*70 
0*60 

14-29 
1*78 

0*04 
101*31 


IVarnun. 
7*119— 7*IU 


Chandler. 
7MS 

7^89 
1*61 

1*32 

14*14 

1*82 

98*68 


Water. 

7*414 

mo 

0*66 

13-81 

0*74 

0*11 
99*22 


77*83 
6*8l 

8*47 
4*88 
0*50 
0*24 


9-80 
4*32 


9*49 
4*27 
0*41 
007 


100      98*4     102*47       99*52     100*36       98*73 
•  ailca.  t  78-a7  Ta«0*  +  UHtt  Nb»0». 


99-60      100-19 
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FaUun,  in  Sweden, 


Tantalic  oxide 
Stannic  oxide 
Tungiitic  oxide 
Ferric  oxide 
Ferrous  oxide 
Manganic  oxide 
ManganouB  oxide 
Lime 


NOffWHl* 

83-79 
1-78 


13-42 


Bcnellnt. 


100-62 


68-22 
8-26 
6-19 
9-68 

716 

119 
100-59 


BroddbOL 


66-34 
8-40 
6-12 

11-07 

6-60 

1-60 
100-03 


Finbo. 
66-99 
16-76 

7-67 

7-98 

2-40 
101-79 


Tantalic  oxide 
Stannic  oxide 
FerrouB  oxide 


Tapioiiie,/rom  Sukhtla,  Finland. 

Arpp«. 
82-71 


Arppe. 
83  66 


15-44 
9910 


0-83 
15-99 

99-63 


A.  KordenikjSld. 
83-06 
1-07 
16-78 

99-91 


Marignac  found  in  a  Swedish  tantalite: 


T(i«0» 
66-60 


Nb«0» 
10-88 


SnO* 
810 


FeO 
8-96 


MnO 
6-61 


-      100-14. 


He  has  also  determined  the  quantity  of  tantalic  oxide  in  rarious  colnmbitefl,  and  oon- 
dudes  that  if  a  perfect  separation  of  the  tantalic  and  niobic  oxides  could  be  effected, 
the  specific  gravity  of  this  mineral  would  be  found  to  increase  pxoportionallT  to  the 
percentage  of  tantalic  oxide  present.    The  following  are  the  numDen  obtained : — 


Columbite  from  Greenland 

Acworth  (New  Hampshire) 

La  Vilate  (near  Limoges) 

Bodenmais  (Bavaria)  . 

Haddam  (Connecticut) 

Bodenmais 

Haddam     . 

Bodenmais 

Haddam 


i> 


II 


II 


II 


It 


II 


II 


II 


II 
II 
II 


II 


II 


II 


II 


Tantalite 


II 


8p.tr. 

6-36 

5-66 

6-70 

6-74 

6-86 

6-92 

606 

6-06 

6-13 

7-03 


Ta*0>px. 
3-3 

12-8 

13-8 

lS-4 

lOH) 
27-1 
SO-4 
86-4 
81-6 
66-6 


Tantalite  and  columbite  may  be  represented  by  the  general  farmnla  (FeO; 
HnO)(Ta*0*;  Nb*0*).  Pure  Untalite,  as  that  of  Kimito,  contains  from  83  to 
85-8  per  cent,  tantalic  oxide,  and  pure  columbite  or  niobite,  from  Greenland,  contains 
76  to  78  per  cent,  niobic  oxide ;  the  other  varieties  yield  intermediate  nunbers. 
(Marignac.) 

Tantalate  of  Yttrium,  or  YttrotantaJite^  is  found  native  at  Ytterby,  in  Sweden, 
in  red  felspar,  and  at  Broddbo  and  Finbo  near  Fahlun,  imbedded  in  qoartx  and 
albite.  It  exhibits  the  following  varieties : — a.  The  black  variety  exhibits  indistinct 
traces  of  crystallisation,  in  four-  or  six-sided  irregular  prisms  and  plates.  Hardness 
■-  5*5.  Specific  gravity  ■-  5*395  (Berzelius),  5*67  (Rose),  and  6-40  after  heating. 
Lustre  submetallic.  Streak  grey.  Opaque. — jS.  The  yellow  variety  is  non-ciystalline, 
and  occurs  in  laminae  in  the  fissures  of  felspar.  Hardness  '*  5.  Specific  ffiavity  «■ 
5-882  (Ekeberg);  5*810  (Potyka).  Lustre  resinous  on  the  surface,  ntrcons  on 
the  fracture.  Colour  yellowish-brown  to  greenish.  Streak  white.  Opaque. — y.  The 
brown  variety  occurs  with  the  yellow  in  thin  plates,  or  rarely  in  grains,  presenting  no 
trace  of  crystallisation.  Hardness  »  4*5  to  5.  Lustre  vitreous  inclining  to  lesinons. 
Colour  black,  with  a  very  light  shade  of  brown ;  f<lightly  yellow  in  thin  plates  by 
transmitted  light.     Streak  white. 

The  several  varieties  of  yttrotuntalite  give  off,  when  heated,  from '  3*9  to  6-64  per 
cent,  water,  are  infusible  alone  before  the  blowpipe,  but  decrepitate,  and  aasnms  a 
lighter  colour.  The  black  variety  froths  and  fuses  with  carbonate  of  sodium.  Thej 
dissolve  in  borax,  but  are  not  acted  upon  by  acids. 

The  following  analyses  are  taken  from  Eammelsbeig's  Minendchemie,  pp.  899, 
400:— a.  Black:  lost  by  ignition  5*74  per  cent,  water  (Berselins).— /j.  &own' 
Usek :  those  specimens  which  retained  their  colour  on  ignition  lost  2*72  per  cent, 
vatcr;  those  which  became  yellowish,  lost  606  per  cent  (Berzelins). — c.  Yellow: 
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limito.  The  oily  poitiont  are  treated  with  dilute  acids,  or  (as  HofmfcBngaeo— mwA) 
with  hydiochlorio  acid  gas,  to  remove  the  haslo  constitaeats.  The  sereral  mBoBb 
are  then  aeparated  one  firom  the  other  by  fractional  distillation,  or  hr  fraetional  wed- 
pitationof  their  platinum-Balta  (see  Pioolikb,  iv.  687).  The  oils  trtea  from  these  bases 
are  heated  with  strong  sulphurie  aoid,  which  decomposes  a  number  of  indetermiDate 
ampyreumatic  products,  whereby  the  subseonent  separation  of  the  remaining  eon- 
stituents  is  much  facilitated. — The  acid  products  contained  in  the  aerenJ  distillates 
are  remored  by  means  of  alkalis.  Strong  potash-ley  forms,  with  creooote  and  phenol, 
ciystallisod  compounds,  by  means  of  which  these  bodies  can  be  separated  mm  the 
rest  (iy.  389).  Potash-ley  and  milk  of  lime  are  also  ftreqnentl;^  used  to  free  the  nentzBl 
oils  from  resinous  bodies. — The  separation  of  the  neutral  oily  hydrocarbons  one 
from  the  other  is  effected  partly  by  fractional  distilUtion,  partly  by  other  methods. 
Mansfield,  by  subjecting  the  portion  of  light  coal-tar  oil  boiling  iJptween  80*  and  W®, 
to  a  cold  of  —  10^,  separated  benzene  in  the  crystalline  form  from  the  other  hydro- 
carbons contained  in  it  (i.  542).  The  defines  C"H*»  may  often  be  conveniently  sepa- 
rated from  other  hydrocarbons  by  combining  them  with  bromine  (iiL  187) ;  and  bj 
treating  the  bromine-compounds  with  sodium,  the  oleflnss  may  be  set  ire^  and  sspa^ 
rated  one  from  another  by  fractional  distillation.  The  hydrocarbons  of  the  benaene- 
seriee,  C^H^— *,  may  be  separated  from  mixtures  of  hydrocarbons  bj  oonrerting  them 
into  nitro-compounds. 

The  chief  liquid  constituents  of  wood-tar  aremethylic  acetate,  acetone,  hydroourbons 
— ^namely  toluene,  xylene,  and  cumene — methol  (a  mixture  of  Tolatile  oils  boiling  be- 
tween 100°  and  265°),  eupione,  creosote,  and  a  number  of  indefinite  oxidised  eompoonds, 
including  picamar  and  capnomor.  Amongst  the  solid  portions  are  rewnoos  matters 
more  or  less  resembling  colophony ;  also  paraffin,  napnthalene  (C'*fi*\  anthnesne 
(C"H'»),  chrysene  (C»«Il»*}i,  retene  (G'"H'»),  pyroxanthin,  pittacal,  and  cediiret. 

The  more  volatile  portion  of  coal-tar,  called  liffhtiU  or  Goal-mapkika,  oonsists 
mainly  of  benzene  and  its  homologues,  together  with  a  ncmber  of  bases,  OH^-^N, 
commencing  with  pyridine,  C*H*N ;  the  naphtha  from  cannel  and  Bogjiead  coal  is 
chiefiy  composed  of  alcoholic  hydrides,  homologous  with  marsh-gas,  together  with 
olefines  and  homologues  of  benzene.  The  less  volatile  oil,  or  dead-oil  of  coal-tar,  con- 
tains phenol  and  cresol ;  also  aniline,  picoline,  chinoline,  and  other  volatile  bases,  and  a 
number  of  solid  hydrocarbons,  inclucung  naphthalene,  anthracene,  chzyBene,  4ec. — ^The 
tars  obtai  ned  from  peat  and  lignite  are  intermediate  in  composition  between  wood-tar 
and  coal-tar.  8 hale-tar  contains  the  same  hydrocarbons  as  Boghead  naphtha;  also 
phenol,  and  a  large  quantity  of  the  bases,  OH'"~^N,  homologous  with  pyxioine.  (See 
Naphtha,  iv.  2.) 

The  preparation  of  tar  fh>m  coal,  peat,  lignite,  and  bituminous  shale,  has  acquired 
great  importance  of  late  years,  for  obtaining  paraffin  and  paraffin-oils  fbr  illnmination 
and  lubncation  (iv.  342).  Coal-tar  has  also  acquired  great  value  as  the  source  of 
aniline-colours,  and  of  phenol,  picric  acid,  &c.  Heavy  coal-oil  or  dead-oil  is  remar- 
kable for  its  antiseptic  q^ualities,  and  is  commonly  used,  without  further  pnrifieatioo, 
for  the  preservation  of  timber  for  railway  sleepers,  dec.  It  is  also  consumed  as  a  fuel 
in  common  lamps,  but  is  chiefly  used  for  burning  into  lampblack. 

Wood-tar  likewise  possossee  powerful  antiseptic  properties,  due  to  the  creosote  which 
it  contains:  hence  it  is  also  much  used  for  the  preservation  of  wood,  especially 
in  shipbuilding.  In  Russia  and  Sweden  it  is  prepared,  by  a  rude  kind  of  aistilla- 
tion,  from  the  resinous  wood  of  the  pine.  A  conical  cavity  is  formed  in  the 
side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  terminating  in  an  aperture 
which  opens  into  a  trough  leading  to  a  reservoir  for  the  tar.  The  kiln  is  filled  with 
wood  and  partially  covered  over  with  turf;  the  pile  is  lighted  at  the  top,  and  the 
combustion  is  regulated  by  covering  it  more  or  less  completely  with  turf.  The  wood 
is  thus  charred  from  above  downward,  and  the  tar  flows  out  at  the  bottom,  charged  with 
a  considerable  quantity  of  resin,  and  mixed  with  acetic  aciduul  oil  of  turpentine.  On 
heating,  an  impure  ensence  of  turpentine  is  distilled,  leaving  a  black  resinous  snbsUnce, 
which  constitutes  ordinary  pitch.  The  tar  thus  prepared  is  known  in  oommeree  as 
Stock/iolni  tar. 

The  process  just  described  is  evidently  a  very  wasteful  one,  especially  entailing  the 
loss  of  the  greater  part  of  the  more  volatile  products  of  the  distillation— acetic  acid, 
wood-spirit,  &c.  Accordingly,  wood-tar  is  now  more  generally  prepared,  like  the  other 
kinds  of  tar,  by  distillation  in  cylinders.    (For  deUils,  see  Hand»,d,  Chem.,  viii.  660.) 

See  the  next  article. 


TARAXAam    OmcxWAXiB.     Leontodon  Taraxacum.     Dandeiion.—Tbe 

herb  and  root  of  this  plant  are  used,  either  singly  or  together,  for  the  preparation  of 
Extract  ofpandtlion.  The  herb  contains  the  usual  plant-constituenta— albumin,  gum, 
sugar,  mucilage,  &c    The  root  contains  a  milky  juice,  which,  on  exposure  to  the  ur. 
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proportion  of  the  aigol  sent  to  this  oountiy  is  preriooslj  fabmitted  to  a  nrnplewoestf 
of  puriflcatioDp  which  consist*  in  redissolving  it  in  hot  water,  sad  •dding'  asoouJl  qoiB-i 
tity  of  clay  in  fine  powder.  The  clay  becomes  mixed  with  the  flooeal«nt  matter,  and 
carries  it  down  to  the  bottom  of  the  resseL  The  dear  solntion  is  coDccDtrst«d  and  a 
crop  of  crystals  obtnined,  which  is  then  called  tartar.  The  npetitioD  of  the  piocMS 
▼ields  a  proportionally  purer  article,  and  tartars  are  met  with  in  this  oountiy,  oratain* 
ing  from  85  to  98  or  99  per  cent  acid  tartrate  of  potassium. 

On  the  other  hand,  tartars  are  Tery  often  fraudulently  adulterated  with  solphste  and 
dilorido  of  potassium,  sulphate  and  chloride  of  calcium,  and  other  cheap  materials; 
so  that  it  is  of  importance  to  the  manufiurtnrer  of  tartaric  acid  to  possess  a  ready  method 
of  ascertaining  the  quantity  of  tartaric  acid  contained  in  them.  Now,  tbs  diieeC 
estimation  of  tartaric  acid  is  difi&cult,  as  none  of  its  salts  are  insoluble  in  water;  heacs 
it  has  been  usual  to  estimate  the  proportion  of  it  in  tartars  bj  determining  the 
quantities  of  potash  and  lime  present,  and  reckoning  both  bases  as  tartrates.  Sach 
a  method,  however,  would  clearly  lead,  in  the  case  of  adulterated  tartars,  to  aa 
OTer-€8timation  of  the  amount  of  tartaric  acid  present  Hence  it  is  nceesauy  to 
determine  not  only  the  amount  of  bases,  but  likewise  that  of  the  snlphane,  car- 
bonic, or  other  acids  present,  besides  the  tartaric;  to  ealcnlata  the  qaantitifs  of 
base  required  to  saturate  these  acids ;  and  reckon  only  the  remainder  as  tartrates; 
An  exact  and  ready  method  of  ascertaining  the  conunercial  Talue  of  taztsis  ia  stall  a 
desideratum. 

Tartrate  of  calcium  can  scarcely  be  regarded  as  an  impurity  in  tartar  intended  fbr 
the  manufacture  of  tartaric  acid,  inasmuch  as  the  first  step  in  the  preparation  of  thai 
acid  is  to  convert  the  tartrate  of  potassium  into  tartrate  of  calcium.  Nererthelees,  the 
presence  of  a  considerable  quantity  of  calcic  tartrate  in  the  tartar  is  olgeetiimable^ 
Decause  it  quickly  undergoes  decomposition  under  the  influence  of  damp,  and  is  eon- 
verted  into  carbonate.  For  this  reason  dry  storing-places  are  of  grfat  importanee  tog 
preserving  tartairs  and  argols,  especially  those  containing  much  tartrate  of  ealdvB. 
(See  Richardson  and  Watts's  Chemical  Thcknolcffy,  L  [6],  132,  108.) 

TASTAS-BMBTZO.    Potassio-antimonious  tartrate. 

TASTAJUO  AOXB.    C*H«0«  -  ^^^'g^*'!^*  "^  (^*^'^y'|^-— This     for* 

mula  represents  the  composition  of  five  different  tetratomic  and  dibaaie  aods^  some  of 
which  agree  with  one  another  in  nearly  all  their  chemical  characters,  thoogli  they  ar« 
all  distinguished  by  marked  differences  of  physical  properties,  especially  in  theircrys- 
talline  forms  and  their  relations  to  polarised  lights  These  fire  modiileatiotts  of  tar- 
taric acid  are : 

1.  Dcxtrotartaric  or  ordinary  Tartaric  acid, which  forms  aahydvons,  hemi- 
hedral,  rhombic  crystals,  and  turns  the  plane  of  polarisation  of  a  Inminons  ray  to  the 
right. 

2.  Lsevotartaric  or  Antitartaric  acid,  which  also  forms  anhydrous,  hemihe- 
dral,  rhombic  crystals,  but  turns  the  plane  of  polarisation  to  the  lefi. 

3.  Faratartaric  or  Kacemic  acid,  which  forms  hydrated,  holohedral,  tridinie 
crystals,  is  optically  inactive,  and  may  be  separated  into  dextrotartarie  and  laefTOtaxtarie 
acids  (p.  35). 

4.  Inactive  Tartaric  or  Mosotartaric  acid,  which  is  also  without  action  on 
polarised  lights  but  is  not,  like  the  preceding,  resolvable  into  dextrotartarie  and  Uero- 
tartaric  acids. 

5.  Metatartaric  acid,  a  modification  produced  by  the  action  of  heat  npon  oidi- 
nary  tartaric  acid,  is  deliquescent  and  uncrystalli sable ;  its  salts  differ  from  those  of 
ordinary  tartaric  acid  by  their  crystalline  form  and  greater  solubility. 

Dextrotartarie  and  Isevotartaric  acids  resemble  one  another  exactly  in  spedfie  gravity, 
solubility,  and  all  their  physical  properties,  excepting  crystalline  fonn,  action  on  polarised 
light,  and  pjroelectrical  relations.  Their  crystals  are  bounded  by  the  same  number 
of  faces,  inclined  to  one  another  at  exactly  the  same  angles ;  but  Jhey  exhibit  certain 
hemihedral  faces,  which,  when  the  cr}-8tals  are  similarly  placed,  are  situated  to  the 
right  in  the  one  crystal,  and  to  the  left  in  the  other ;  so  thai  the  two  crystals,  though 
similar,  are  not  superposible,  but  are  rekted  to  one  another  Jike  an  objiwt  and  its  re- 
flected image.  Solutions  of  the  two  acids  of  the  same  strength  deflect  the  plane  of  pola* 
risation  by  exactly  equal  amounts— the  one  to  the  right,  the  other  to  the  left-  [0!  » 
♦  9-6  (see  Light,  iii.  675).  Both  acids  exhibit  pyroelectricity,  but  in  opposite  diruc- 
tions,  a  crystal  of  either  acid,  when  heated  and  left  to  cool,  exhibiting  poeitiTa  electri«> 
dty  on  the  side  on  which  the  hemihedral  faces  are  situated. 
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and  soluble  neutral  tartrate  of  potaasinm : 

2C'n*K0«  +   Ca'CO"     -     C«H«KK)«  +   C*fl«Ca"0«   +    H*0   +    CO*. 

The  mixture  is  thrown  on  a  filter;  and  the  filtered  solution  of  neutral  potaastc  tar- 
trate is  mixerl  with  solution  of  calcic  chloride,  or  with  precipitated  calcic  sulphate, 
obtained  frf>m  a  previous  operation,  whereby  the  whole  of  the  tartaric  acid  ia  precipi- 
tated as  tartrate  of  calcium.  The  two  lime-precipitates  are  then  boiled  with  a  quan- 
tity of  dilute  sulphuric  acid  sufficient  to  convert  the  whole  of  the  calcium  into 
sulphate  ;  and  the  filtered  solution  of  tartaric  acid  is  evaporated  to  a  ajrtip  at  a  gentl« 
heat,  then  lef^  to  itf<elf  in  a  warm  place,  where  it  deposits  an  additional  quantity  of 
calcic  sulphate,  and  finally  transferred  to  the  ci^'stallising  Teasels.  The  presence 
of  an  excess  of  sulphuric  acid  greatly  favours  the  crystallisation  of  the  tartaric  acid, 
but  it  actM  injuriously  during  the  subsequent  evaporation  of  the  mother-liquors,  is 
it  becomes  more  and  more  concentrated,  and  ultimately  decompoees  a  oonaidenble 
quantity  of  the  tartaric  acid  still  remaining  in  solution.  (For  details  of  the  mano- 
facturing  process,  see  Richardson  and  Watts*s  Chemical  Teeknoiogy,  voL  L  pt.  v. 
p.  138.) 

XtSBTOtartaiio  Aeid*  C'H'O*.  Antitartaric  Add,  Lmvoracemie  AM, — ^The  for- 
mation of  this  acid  by  the  decomposition  of  raccmic  acid  has  already  been  mentioned. 
When  equal  weights  of  raicemic  acid  are  saturated,  the  one  with  aodia,  the  other  with 
ammonia,  and  mixed,  the  mixture  deposits,  on  cooling  or  spontaneoos  evaporation, 
large  beautiful  crystals  of  a  double  salt,  all  of  which  are  hcmihedral,  one  half  of  them 
having  the  hemihfdnU  forces  oppositely  situated  to  those  of  the  other  half;  and  no 
carefully  separating  these  two  kinds  of  crystals  (the  solutions  of  which  exhibit  equal 
and  opposite  actions  on  polarised  light),  purifying  them  by  recrystallisation,  predpitii- 
ting  the  solutions  by  nitnite  of  lead,  and  decomposing  the  lead-salts  with  sulphuric  or 
sulphydric  acid,  solutions  are  obtained  which  on  evaporation  yield  ciystals — the  one  of 
dcxtrotartaric  acid,  agreeing  exactly  in  character  with  those  obtained  ftmn  tartar,  as 
above  described  ;  the  other  of  Isevotartaric  acid,  agreeing  with  deztrotaitaric  acid  in  all 
respects,  excepting  in  the  opposite  hcmihedry  of  its  crystals,  and  the  opposition  of  its 
optical  and  pyro-electric  properties.  Respecting  the  preparation  of  laevotartmric  acid 
by  the  fermentation  of  racemic  acid ,  and  by  the  action  of  heat  on  the  mcemates  of 
cinchonicino  and  quinicine,  see  p.  673. 

Properties. — Tartaric  acid  crystallises  in  monoclinic  prisms,  having  the  axes  a:  h-.c 
0-7845  :  1  :  0-8054.     Anglo  A  :  <?  «   79°  43';    ooP  :    ooP  (orthod.)  —    102°  62*; 

Pc»]  :  [Poo]  (clinod.)   =  89o  26*;  -Pao  :  c  =  460  0';    +Pao    :  c  -   67°  30'. 

rdinaTy  combination  ooP  .  ooPoo  .  —Pao  .  +Pao  (the  last  often  wanting)  . 
[Poo  ].  The  faces  [Poo  ]  are  often  developed  only  at  one  extremity  of  the  orthodia- 
conal,  and  on  one  or  the  other  side  of  the  crystals,  according  as  the  acid  is  dextio-  or 
fevo-rotatory.     These  faces  are  often  greatly  predominant. 

The  crystals  are  colourless  and  transparent,  and  do  not  contain  any  water  of  cirstal- 
lisation  ;  their  specific  gravity  is  1*75  (Richter);  1-739  (Buignet,  Jahresb.  1861, 
p.  15).  They  are  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether ;  the  aqueous 
solution  becomes  covered,  after  a  while,  with  a  fungous  growth.  The  quantities  of  the 
crystallised  acid  contained  in  aqueous  solutions  of  different  densities  ar«  as  follows 
(Schiff,  Jahresb.  1859,  p.  41) : 


^ 


^elght  of  crjfttalHsed  acid 

SpwiAc  ftraTltr 
•olutfon  at  IS". 

in  100  ptf.  ol  lolution. 

33 

11654 

22 

11062 

14-66 

10690 

11 

10511 

7-33 

10337 

3-67 

10167 

On  mixing  the  concentrated  solutions  of  dextro-,and  Isevo-tartaric  acid,  crystals  of  ra- 
cemic acid  are  abundantly  deposited,  with  evolution  of  heat  quite  perceptible  to  the  hand. 

Respecting  the  molecular  rotatory  power  and  the  pyro-electricity  of  the  two  opposite 
tartaric  acids,  see  p.  672.  Their  pyro-electricity  is  very  strong,  the  heat  of  the  hand 
developing  it  sufficiently  to  affect  a  sensitive  electroscope. 

The  solution  of  tartaric  acid  forms  white  precipitates  with  the  aqueous  solutions  of 
caustic  5ary to,  atrontiay  fi?fie,  andacetatfof  ieadj  but  it  does  not  precipitate  the  chloride 
of  barium,  strontium,  or  calcium.  Tartaric  acid  is  distinguished  from  racemic  acid  by 
the  greater  solubility  of  its  calcium-salt  (p.  36). 

Tartaric  acid  added  in  excess  to  the  solution  of  a  potassium-salt  forms  a  white  crys- 
talline precipitate  of  acid  potassic  tartrate,  provided  the  solution  is  not  too  dilate: 
the  addition  of  alcohol  renders  the  reaction  much  more  delicate :  the  formation  of  the 
precipitate  '  rated  by  stirring,  and  by  rubbing  the  sides  of  the  vessel  with 
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a  glass  rod.  The  precipitate  is  soluble  in  free  alkalis,  which  convert  it  into  neutral 
tartrate ;  hence,  for  detecting  small  quantities  of  tartaric  acid  in  a  solution,  free  potash 
should  not  be  used,  but  rather  chloride  or  nitrate  of  potassium,  an  excess  of  which 
does  not  dissolve  the  acid  tartnite.  Tartaric  acid  may  be  detected  in  presence  of  a 
considerable  quantity  of  citric  acid  bv  mixing  the  solution  with  acetate  of  potassium, 
and  an  equal  volume  of  strong  alcohol.  On  the  other  hand,  a  small  quantity  of  citric 
acid  may  be  detected  in  the  midst  of  a  large  quantitv  of  tartaric  acid,  by  removing  the 
latter  as  above,  evaporating  the  alcoholic  filtrate,  and  treating  the  residue  with  chloride 
of  calcium  at  the  Iwiling  heat  (i.  995).  (Spiller,  CheuL  Soc  Qu.  J.  z.  110;  see  also 
Schnitzer,  Jahresb.  1862,  p.  626.) 

Decompositiam. — 1.  Tartaric  acid  melts  between  170^  and  180^,  and  is  gradually 
converted,  without  loss  of  water,  into  the  isomeric  compound,  metatartaric  acid 
(p.  688).  By  prolonged  heating,  water  is  eliminated,  and  tartralic  or  ditartaric 
acid,  C«H»»0»»  -  2C*H«0«  -  H«0,  is  produced  ;  then  tartrelic  acid,C*H<0»  - 
C^H'O*  —  HK) ;  and  ultimately  insoluble  tartaric  anhydride,  isomeric  with 
tlie  last.  If  the  heat  be  inereaaed,  decomposition  takes  place,  resulting  in  the  forma- 
tion of  p\'rotartaric  and  pyroracemic  acids  (iv.  769-771),  together  with  acetic  acid, 
formic  acid,  aldehyde,  furfurol,  ethylene,  carbonic  anhydride,  &c. 

2.  Tartaric  acid  heated  with  fused  kydrait  of  potamum  is  resolved  into  acetic  and 
oxalic  acids : 

C*H«0«    =     C«H*0»  +  C»H«0«. 

3.  By  the  oxidation  of  tartaric  acid  (e.ff,  by  the  action  of  chromates,  permanga- 
nates, peroxide  of  manganese,  peroxide  of  lead,  minium,  &c.),  carbonic  anhydride  and 
formic  acid  ure  generally  produced.  The  solution  of  the  acid  warmed  with  salts  of 
silcer,  ^ofd^  and  jUatinum^  reduces  the  metals.  By  slow  oxidation,  especially  by  the 
spontaneous  decompoiiition  of  nitrotartaric  acid,  an  oxidation-product  less  removed 
from  tartaric  acid  is  formed — namely,  tartronic  acid: 

C^H'O*  +  0«     -     C«H«0»  +  H*0  +  C0«. 

Tartaric  Taitronic 

acid.  acid. 

4.  By  the  action  of  hydriodic  acid  or  iodide  of  pho9phoru8t  tartaric  acid  is  reduced 
to  malic  or  to  succinic  acid: 

C*H«0«  +  2HI     -     BPO  +    P  +  C*H«0». 

Tartaric  Malic 

acid.  acid. 

C*H*0«    +    4HI  -  2H«0  +  2P  +  C^HW. 

Tartaric  Succinic 

acid.  acid. 

5.  With  pfniachloride  of  phosphortiSf  tKritaic  acid  yields  chloromaleic  chlo- 
ride, C'IIC10".C1«.  (Porkin  and  Duppa ;  see  Maleic  Acid,  iii.  788.) 

6.  I'ulverisod  tartaric  acid,  digested  for  several  hours  with  chloride  of  acetyl,  is  con- 
verted into  diacetotartaric  anhydride,  C'lIH)'  (Perkin,  Chem.  Soc  Qu.  J.  zx. 
150): 

C*HK)«  +  2C«H«0C1     =     2HC1  +  H*0  +  C«H«(C«H«0)*0*. 

7.  Tartaric  acid  heated  to  150^  in  a  sealed  tube,  with  an  equivalent  quantity  of 
A^nrowacM/,yieldsbenzotartaricacid,  C"H'«0'  -  C*H»(C'H»0)0«  «  C«H«0«  + 
C'H«0«  -  H«0.  (Dessaignes.  J.  Pharm.  [3]xxxii.47.) 

8.  Tartaric  acid  is  decomposed  by  strong  su/phuric  acid  and  by  nitric  acid.  With 
very  strong  nitric  acid  it  forms  nitrotartaric  acid. — Chlorine  and  bromine  act  but 
slifirhtly  upon  the  aqueous  solution. 

9.  The/<rffW7i/a//oiiof  crude  tartrate  of  calcium  yields  butyracetic  acid.  (Nollner, 
i.  688.) 

10.  Tartaric  acid  heated  with  a/roAo^,  monatomic  or  polyatomic,  forms  ethers,  with 
elimination  of  water ;  in  like  manner  with  cane-sugar,  glucose,  dulcite,  quercite,  and 
other  saccbaroidnl  substances.  (See  Tabtaric  Ethers.) 

Tartrates. — Tartaric  acid,  as  already  observed,  is  tetratomic,  and  for  the  most 

H« 
part  dibasic,  2  of  the  hydrogen-atoms  in  the  molecule,  (C^H'O*)*' 

H 

replaceable  by  metals,  and  the  other  two  by  alcoholic  or  acid  radicles.  With  mona- 
tomic metals,  it  forms  acid,  neutral,  and  double  salts,  like  the  following : 


0^  being  easily 


C*H«0«   0*           C*H«0«  \  0*  C«H«0*  \  0* 

H.K   J                    K«     j  NaJK  ) 

Aold  pousilc               Neutral  potataic  Sodio-potattic 

tartratt.                          tartrate.  tartrate. 
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With  diatomic  metals,  it  forms  neutral  salts,  C^H*M"0«,  and  donble  salts  consisting  of 
a  double  molecule  of  the  acid,  in  which  2  at.  hydrogen  are  replaced  by  a  diatomic 
metal  and  2  at.  more  by  an  alkali-metal ;  e.g. : 

H«     )  H«       ) 

C*HW>0«  (C*H»0«)«>0« 

Ba"   3  Ba"KM 

Keutral  baric  Baric  potauic 

Urtrate.  Urtratc. 

With  triatomic  metals,  tartaric  acid  forms  a  peculiar  class  of  salts— best  known 
in  the  case  of  antimony — the  constitution  of  which  may  be  illustrated  by  the  following 
formulae : 

''IVTo         ''TPTo         <"'^J'^}^ 

Acid  antimoDlouf  Potassio-antimonious  Neutral  anflmoutoua 

tartrate.  tartrate.  tartrate. 

These  formulae  are  a  typical  expression  of  the  idea  that  one  of  the  three  atomicities 
of  the  antimony  takes  the  place  of  1  at.  of  the  typical  hydrogen  of  the  tartaric  acid, 
binding  instead  of  it  one  atomicity  of  the  typical  oxygen  (Kekul^).  The  same  salts 
may,  however,  be  formulated  similarly  to  the  ordinary  tartrates,  by  supposing  1  at.  of 
the  basic  hydrogen  to  be  replaced  by  the  monatomic  radicle  antimonyl  8bO ;  thus : 

H'        )  IV        )  H»        ^ 

(C*H«0«)»'  \0*  (C'H'C)"  >0«  (C*H«07^  lO« 

H.SbO)  K.SbO    )  (SbO)«    \ 

Acid  antimonioui  Potassio-nntimoniout  Neutral  anttroonioua 

tartrate.  Urtrate.  tartrate. 

When  these  salts  are  heated  to  160° — 200°,  tliey  gire  off  water,  and  form  com- 
pounds which  may  be  regarded  either  as  tartrates  in  which  the  triatomic  antimony 
replaces  three-fourths  of  the  typic  hydrogen  of  the  acid : 

H-Sb'"  p  KSb*' p  ' 

or  as  antimonylic  derivatiTcs  of  the  first  anhydride  of  tartaric  acid : 

U.SbO(^  K.SbO   \^  (SbO)«    J"- 

Tartaric  acid  forms  similar  compounds  with  arsenic  and  with  boron.  (Kekul^*s 
Lehrbuchy  ii.  201.) 

The  first  of  the  formulce  above  given  for  the  antimony-salts  dried  at  160** — 200® 
represents  tartaric  acid  as  tetmbasic ;  and  this  view  is  further  in  accordance  with  tlie 
known  existence  of  a  tetraplumbic  tartrate  (p.  682) ;  but  in  most  of  its  relations, 
tartaric  acid,  as  already  ob&ierved,  is  only  dibasic. 

The  neutral  tartrates  of  the  alkali-metah  are  very  soluble  in  water;  the  acid 
tartrates  of  potassium  and  ammonium  are  sparingly  soluble ;  all  tartrates  are  insoluble 
in  alcohol.  Hence,  tarUiric  acid  dissolved  in  alcohol  does  not  decompose  carbonates. 
The  neutral  tartrates  of  the  earth-metals  and  heaxyy  vietah  are,  for  the  meet  part, 
insoluble  or  sparingly  soluble  in  water,  but  dissolve  in  aqueous  tartaric  acid,  also  in 
hydrochloric  and  in  nitric  acid ;  also,  with  exception  of  tbo  silver-  and  mercury- 
salts,  in  excess  of  potash  or  soda.  Ammonia  likewise  dissolves  all  tartrates,  except- 
ing tartrate  of  mercury. 

Tartaric  acid  added  to  the  solutions  of  most  metallic  salts  prevents  their  piwipita- 
tion  by  alkalis.  According  to  Aubel  and  Ramdohr  (Ann.  Ch.  Pharm.  ciii.  33; 
Jahresb.  x.  672),  metallic  oxides  may  be  divided,  according  to  their  behariour  with 
caustic  potash  or  soda  in  presence  of  tartaric  acid,  into  the  throe  following  groups : — 
a.  Oxides  soluble  in  the  alkali  in  presence  of  tartaric  acid,  and  not  precipitated  on 
boiling :  alumina,  bismuth-oxide,  chromic  oxide,  cobaltous  oxide,  cupric  oxide,  ferric 
oxide,  glucina,  lead-oxide,  nickel-oxide,  platinic  oxide,  zinc-oxide.-— 3.  Oxides  pre- 
eipitatcd  on  boiling  from  the  alkaline  solution,  if  moderately  dilute :  auric  oxide 
(i^uced  on  boiling),  cadmium-oxide,  manganous  oxide,  uranic  oxide. — 7.  Insoluble : 
mercuric  oxide,  silver-oxide  (reduced  on  boiling),  stannous  oxide.  (See  further  H. 
Grothe,  J.  pr.  Cbem.  xcii.  176 ;  Jaliresb.  1864,  p.  686.) 

Most  of  ttio  soluble  tartrates  cr}'KtalIi80  easily,  and  some  ^especially  the  double 
Baits)  form  large  well-defined  cryi^tals.  The  cr}'8tals  are  invariably  hemihedral,  and 
their  solutions  turn  tlie  plane  of  a  polarised  ray  to  the  right  or  to  the  left,  according 
to  the  position  of  the  hemihedral  faces.  The  dextro-  and  levo-turt rates  are  likewise 
opposite  in  their  pyro-electric  properties.  In  all  their  other  characters  they  resemble 
one  another  exactly,  and  the  solution  of  a  dextrotartrate  mixed  with  that  of  an  equal 
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Tartrate,  HsRcrRors. — This  nit  is  obtained,  by  pweiintatioii,  aa  a  white 
ezysUlline  powder,  or  in  the  form  of  shining  needles  or  scales.  It  ia  inaolnbla  in  water, 
but  Tery  soluble  in  nitric  acid.     Boiling  water  decomposes  and  tnma  it  grey. 

Tartrates  of  Potassium.— The  neutral  salt,  C*H*K*0*,  prepared  by  satii- 
rating  the  acid  salt  with  carbonate  of  potassium,  crystallises  with  difficult  in  short 
monoclinic  prisms,  the  faces  of  which  hare  generally  very  littln  Inatre.  Azea  a:  hie 
-  0-4021 : 1 :  11085.  Angle  h  \  e  -  75*»  1  2';  oeP  :  ooP  rorthod.)  —  1340  ^.^ 
+  Poo:  c  «  52°  6';  —Poo  :  <j  -  37**  25'.  The  most  frequently  occurring fiices  are : 
ooP,  oP,  ocPoo ,  [  oePoo  ],  +  Poo ,  —  Poo ;  more  rarely  +  JP  occora.  Cleayaga  parallel 
to  -¥  Poo  and  —  Px  . 

One  part  of  neotral  potassic  tartrate  dissolves  in  0*75  pt  water  at  2^,  in  0-66  pt  at 
14<>,  in  0-63  pt.  at  23^  and  in  0*47  pt.  at  64°  (Osann).  It  ia  yery  slightly  solnble 
in  boiling  alcohol.  Most  acids  addc-d  to  the  solution  of  this  salt  precipitate  the  add 
tartrate ;  bromine  forms  the  same  precipitate  without  attacking  the  tartaric  add. 

The  acid  salt,  hitartrate  of  potash,  or  cream,  of  tartar,  C*H*KO*,  ia  contained  in 
erape-juico,  and,  being  much  less  soluble  in  alcoholic  liquids  than  in  water,  ia  depoeited, 
during  the  vinous  fermentation  of  the  juice,  in  czystalline  crusts,  called  crude  tartar 
or  argol.  The  same  deposit  is  formed  in  many  kinds  of  wine  when  kept  in  casks  or 
bottles,  and  constitutes  the  well-known  crust  of  port-wine.  The  aalt  likewise  exists 
in  many  other  vegetable  juices.  Crude  tartar,  when  purified  by  reoystalliaation, 
jrields  cream  of  tartar.  The  pure  salt  is  also  formed  whenever  tartaric  add  ia  added 
in  excess  to  the  solution  of  a  potassium-salt. 

The  crystals  of  acid  potassic  tartrate  belong  to  the  trimetric  syatem,   and  are  iso- 

)rphou8  with  the  acid  ammonium-salt.     Axes  a  i  b  \  e  ^  0*7115  :  1  :  0*7372. 


moi 


Angle  P  :  P  (brach.)  =  125°  46';  P  :  P  (macr.)  »  100®  20';  P  :  P  (basal) 
1030  28';  ooP  :  ocP  (macr.V  -  70®  52';  Poo  :  P«  (basal)  -  72®  48';  2&ao  : 
2t«  «  111^42';  3P«>  :  3Pao  «-  131°  20'.  Ordinary  combination  P .  ooP,  with 
oof  00  and  the  above-mentioned  bracliydiagonal  domes.  One  half  of  the  crystals  is 
generally  pphcnoidically  enlai^ed  in  comparison  with  the  other  half.  ClesTage  most 
distinct  p;irallel  to  oP.  Spedflc  gravity  of  the  crystals  »  1*973  (Schiff);  1*956 
(Buignot). 

Acid  tartrate  of  potassium  is  but  slightly  soluble  in  water,  requiring  for  solution 
about  240  pts.  of  water  at  10^,  and  15  pts.  of  boiling  water.  It  ia  insoluble  in  strong 
alcohol,  but  dissolves  easily  in  concentrated  mineral  adds  and  in  alkalis,  which  con- 
vert it  into  the  neutral  tartrate. 

The  following  determinations  of  the  solubility  of  acid  potassic  tartrate  in  water,  at 
various  temperatures,  have  been  made  by  AUuard  (Ck)mpt.  rend.  lix.  600;  Jahresb. 
1864,  p.  94)  and  by  Chancel  (Compt  rend.  Iz.  408;  Jahresb.  1865,  p.  830),  in 
pure  water  and  in  water  containing  10*5  per  cent.  alcohoL  Alluard's  detecminatioiis 
were  made  under  a  barometrical  pressure  of  718  mm. : — 

Sciubility  of  Cream  of  Tartar,  C*IPKO«. 


Temperature. 

Quantities  of  Salt  diisolTed  in  100  pU.  by  weight  of 

water. 

Quantities  of  Salt  tfiaaolved 

in  iOOpc«.  bj  wrelyht  of 

water  eontainina  10*5 

per  oetii.  alctMaoL 

Chancel. 

t 
Allttard. 

Chancel. 

O^C. 

0-32 

0-24 

014 

5 

•0-30 

0-176 

10 

0*40 

0-37 

0-21 

15 

0-45 

0*25 

20 

0-67 

0-55 

0*306 

25 

0-67 

0*37 

30 

0-90 

0*806 

0*46 

35 

0-96 

0*67 

40 

1*31 

1*13 

0  70 

50 

1-81 

60 

2*40 

70 

3-20 

80 

4'60 

00 

5-70 

100 

690 

A  saturated  aqueous  solution  boils  at  996®  (Alluard).  The  solubility  of  the 
salt  in  water  or  in  dilute  alcohol  is  not  diminished  by  the  presence  of  fflacoae. 
""*       *»el.) 
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Ammonio-aodie  tartrate,  C*H«Na(NH*)0«.4H*0,  is  obtained  by  saturating  acid  tar- 
trate of  aramouium  with  carbonate  of  sodium,  and  concentrating  the  solution  ;  also  by 
mixing  tho  warm  solutions  of  equivalent  quantities  of  the  sodium-  and  ammoninm-salts 
of  racemic  acid,  and  cooling  the  solution,  or  leaA-ing  it  to  evaporate,  dextio-  and  Icro- 
tartrate  of  sodium  and  ammonium  being  then  deposited  in  equal  quantities.  The 
crystals,  which  are  often  of  considerable  size,  are  trimetric,  and  isomorphoos  vith 


00^2  (often  predominant)  .  ooPoo  .  oof  oo  .  too .  2^00  .  Poo  .oP.  1— »   the   hemihedial 

faces  being  situated  on  one  side  or  the  other  of  the  crystals,  according  as  the  salt  is 
dcxtro-  or  Iseyo-potatory.  Rotatory  power  [a]j  «  126°.  Specific  gratity  of  the 
crj'stals  =  1-587.  (Schiff.) 

Lithio'sodic  tartrate,  C''H<LiNaO«.2H«0,  resembles  tho  lithio-potassic  salt. 

Totaasio-sodic  tartrate,  RochvUe  or  Seigmtte  salt,  C«n<KNaO«.4H*0. — This  splendid 
salt  is  prepared  by  addinjr,  in  small  portions  and  successively,  4  pts.  cream  of  tartar, 
and  abr)ut  3  pts.  of  crystallised  soclic  carlwnate,  to  1 2  pts.  of  boiling  irater.  When  the 
whole  has  been  added,  tho  liquid  must  be  tested,  to  ensure  that  it  is  slightly  alkaline, 
and  then  concentrated  by  evaporation.  On  cooling,  it  deposits  fine  large  cijstals  of 
the  double  salt,  and  the  mother-liquors  yield  an  additional  quantity ;  after  a  certain 
time,  however,  they  deposit  nothing  but  needles  of  sodic  tartrate ;  but  by  redissolving 
these,  and  adding  cream  of  tartar,  an  additional  quantity  of  Kochelle-salt  may  be 
obtaine<l.  The  crystals,  which  arc  often  very  large,  are  rhombic  prisms,  isomorphoos 
with  the  preceding  salt.  Axes  a  '.  b  :  c  =  ()-8317  :  1  :  0*4296.  Angle  ooP :  odP 
rmacr.)  -  79°  30';  oo|>2  :  qcI>2  (maer.)  =  45°  10';  Poo  :  Poo  (basal)  =  54°  38'; 
JE>oc  :  p30  (basal)  =  46°  30';  2? ao  :  2f  oo  (basal)  =  81°  20'.  The  crystals  exhibit,  for 
the  most  parr,  the  same  faces  as  the  ammonio-sodic  salt;  &oo ,  however,  is  usually  but 
slightly  developed.     Specific  gravity  =  1-707  (Schiff);  1-790  (Buignet). 

The  crystals  melt  in  their  water  of  crystallisation  between  70°  and  80°,  forming  a 
trans{^^rent  liquid,  which  begins  to  boil  at  120^,  the  ebullition  continuing  till  the  tem- 
perature rises  to  215°,  by  which  time  all  the  water  (amounting  to  25*1  percent.)  is  driven 
off.  Tho  residue  is  a  viscid  mass,  which  remains  transparent  when  cold,  and  absorbs  mois- 
ture* from  the  air  (Fresenius,  Ann.  Ch.  Pharm.  liii.  234). — The  dry  salt  dissolves  in 
2-62  pts.  water  at  6°  (Fresenius).  The  crystals  dissolve  in  3*3  pts.  water  at  3°,  in 
2-4  pts.  at  11°,  and  in  1*5  pt.  at  26°  (Osann) ;  in  2  pts.  at  5*6°,  in  1*2  pU.  at  12-6°,  in 
0-42  pt.  at  25°,  and  in  0*3  pt.  at  37*5°  (Braudcs).  The  solution  saturated  at  8°  has 
a  density  of  1-254. 

Euhidio-sodic  tartrate,  C«H'RbNaO«.4H20.— The  solution  of  this  salt,  when  left  to 
evaponito  spontaneously,  solidifies  to  a  transparent  jelly  ;  but,  by  slow  cooling  of  a  hot 
.  solution,  er}'stals  are  obtained  isomorphous  with  Kochelle-salt,  and  exhibiting  the  same 
faces,  with  addition  of  2p2  and  2Pc»  .  (Piccard,  Jahresb.  1864,  p.  126.) 

Tartrates  of  Thallium. — 1\\q>  neutral  salt,  OH*T1»0*,  is  slightly  soluble  in 
water  and  in  alcohol.  The  crj-stuls,  which  usually  occur  as  twins,  appear  to  be  trimetrie, 
but  different  in  form  from  the  neutral  ammonium-  and  potassium-salts.  De  la  Fn>- 
vostayo  gives,  as  approximate  measurements  of  tho  angles,  ooP:  oeP(macr.)  ■»60'; 
ooP  :  ocP,  =  120°;  .  cxtoo  :  foo  =r  131°;  ooP  :  too  -  110°.  The  crystals  are 
anhydrous  alterable  in  tho  air,  become  curl>onised  at  170^,  and  at  higher  tempentures 
leave  yellow  oxide  of  thallium,  with  a  small  quantity  of  reduced  metal. 

The  acid  salt,  CH'TIO",  is  precipitated,  on  adding  tartaric  acid  to  a  solution  of  the 
neutral  s;ilt,  in  small  flat  prisms,  which  are  diflRcult  to  measure.  De  la  Provostaye 
gives,  as  approximate  angular  values,  ool*oo:  ooP  —  123°;  too:  foo  =■  108°  to  110°; 
00 too :  Px  >-  125°  to  1*26° ;  these  angles  are  nearly  the  same  as  in  the  acid  tartrates 
of  ammonium  and  i^otassium.  This  i^alt  is  less  soluble  than  the  neutral  tartrate  of 
thallium.  (Kuhlmann,  Jahresb.  1862,  p.  188.) 

/3.  Tartrates  coyitaining  Diatomic  Metals, 

Tartrate  op  Barium,  C*K*Ba"0\  is  precipitated,  on  mixing  tartrate  of  potas- 
sium with  chloride  of  barium,  or  tartaric  acid  with  baryta-water,  in  white  flocks,  which 
become  cnstallino  when  left  nt  rest ;  it  is  insoluble  in  excess  of  tartaric  acid. 

Potassio-baric  tartrate,  CTI^Ba"K«0".2H20.  or  C*H«Ba"0«.C«H*K«0'«.2H«0,  is 
obtained,  as  a  sparingly  soluble  pulverulent  precipitate,  on  evaporating  a  solution  of 
cream  of  tartar  with  baryta-wati^. — Sodio-baric  tartrate,  C''H*Ba"Na*0'*.2HK),  is  pr*- 
cipitjited  on  mixing  u  solution  of  Rochelle-salt  with  chloride  of  barium;  if, however 
the  solutions  are  dilute,  it  separates,  after  some  time  only,  in  tlie  form  of  needles  *  it 
lightly  Folublo  in  water,  more  soluble  in  solution  of  Kochelle-salt. 
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Ammoniacal  Cupric  Tartratet.— The  teirammnniai^  mlt,  4NH«.C«H*Cu*0»,  or  tartrate 
of  ammoaipramtiwHium,  C*n*[N'II*(NII*)'Cu'TO*,  remains,  on  eYaporating  a  solation 
of  cupric  tartrate)  in  ammonia,  as  an  uncrystallisable,  har  I,  vitrcouB  mass,  permanent 
in  the  air.  Its  aqueous  solution  is  also  vury  permanent,  does  not  act  upon  ccUnloee, 
and  is  not  reduced  by  heating  with  glucose.  At  150^  it  gives  off  all  ita  ammonia; 
between  100''  and  110"^  only  half^  leaving  tartrate  of  cuprammcnium,  2NH'.C*H*Cu'0* 
«  C'Il\N^lI''Cu")*0«. 

Cupric  tartrate  dissolves  easily  also  in  aqueous  ethylamine,  forming  a  dark-blue 
liquid,  which,  on  t'va(X)ration,  leaves  a  blue,  vitreous,  deliquescent  salt,  approximating 

position  to  the  formula   C«H*[jJg' ^jjjJCu-]o«.  (Schiff,  Jahrcsb.  1862, 


in  com 


p.  204.) 

Taktuatk.  Fkbbous. — White  or  pale-green  crystalline  powder,  precipitated  on 
mixin:;  a  solution  of  ferrous  sulpiiate  with  tartaric  acid  or  neutral  potassic  tartrate,  or 
on  dissolvin:^  motuUic  iron  in  tartaric  acid.  It  dissolves  easily  in  caostic  alkalif^ 
forniinp;  a  solution  which  oxidises  quickly  on  exposure  to  the  air. 

Tautratks  OF  Lead. — The  monoplumbic  or  dibasic  salt,  CH^Pb^O*,  is  a  white 
crystalline  precipitate,  obtained  by  mixing  nitrate  or  acetate  of  lead  with  tartaric 
ai'id.  It  is  very  soluble  in  nitric  acid  and  in  excess  of  tartaric  acid  ;  also  in  tartrate 
of  ammonium,  the  couceutrated  solution  solidifying  to  a  gelatinous  mass.  When 
treated  with  chloride  of  acetyl,  it  yields  chloride  of  lead  and  a  thick  yellowish  syrop, 
which  decom{>ose8  at  130^,  with  evolution  of  carbonic  oxide  and  carbonic  anhydride. 
(Schiitzenberger,  Jahresb.  1861,  p.  439.) 

A  diplumhic  or  titrahasic  salt,  C'H'Pb'O*,  is  obtained  by  boiling  an  ammoniacal 
solution  of  the  monoplumbic  salt.  (Erdmann,  Ann.  Ch.  Pharm.  xzi.  19. — Httints, 
7x)itschr.  Ch.  Pharm.  1861,  p.  17.) 

Taut  RATES  of  Maonesiu  ii. — The  neutral  salt,  C*H*Mg'0*.4H*0,  is  obtained 
in  crystalline  crusts,  by  evaporating  a  solution  of  magnesium-carbonate  in  tartaric  acid. 
It  dissolves  in  122  pts.  of  water  at  16^.— The  acid  salt,  C^H^Mg^O"  (crystallised),  is 
formed  in  the  preparation  of  the  ncutml  salt  when  an  excess  of  tartaric  acid  is  used. 
It  forms  crj'stftlline  crusts,  soluble  in  52  pts.  water  at  16°. 

Putassio-mogmsic  tartrate,  C*'H*Mg''K'''0*.4H-0,  is  obtained,  in  ciystals,  by  boiling 
cream  of  tartar  with  water  and  carbonate  of  magnesium. — An  ammonio-magneme  salt 
of  corresponding  composition  is  obtaineil  in  a  similar  manner. — The  sodio-ptaanesie 
salt,  CH^Mg'Na'O'.Sir^O,  is  deposited,  on  evaporating  a  mixture  of  Rochelle-saft  and 
carbonate  of  magnesium,  in  monoclinic  prisms  having  the  anglwi  ooP  :  ooP  =  129**; 
oP  :  ooPoo  =  103°.  Ammonia  throws  down  from  the  solution  of  either  of  these  salts 
a  bjisic  tartnite  of  magmsium,  C*ll*Mg''0*.]VIg"0.2H'0,  the  formation  of  which 
interferes  considembly  with  the  use  of  t^irtiric  acid  in  Otto's  method  of  separating 
phosphoric  acid  from  certain  bases :  honcc  citric  acid  is  preferable  for  this  purpose. 
(See  Pjiosphoric  Acid,  iv.  647.) 

Tartrate  of  Manganes r. — ^A  solution  of  neutral  potassic  tartrate,  mixed  with 
manganous  chloride,  first  deposits  acid  tartrate  of  potassium,  and  then  colonriess 
crystals  of  manganous  tartrate,  which  are  decomposed  by  boiling  water  into  a  soluble 
nci<l  salt  and  an  insoluble  basic  salt.  By  dissolving  manganous  carbonate  in  cream  of 
tartar,  a  very  soluble  salt  is  obtained,  difficult  to  crystallise. 

Tartrate,  Meroubic. — White  precipitate,  insoluble  in  water,  yeiy  soluble  in 
weak  nitric  acid. 

Ammonio-mircuric  tartrate,  obtained  by  boiling  acid  tartrate  of  ammonium  with 
mercuric  oxide,  forms  small  prisms  soluble  in  water. — Tartrate  of  mercuramnumiH'm 
is  obtained,  by  digesting  mercuric  tartrate  with  ammonia,  as  a  white  powder 
insoluble  in  water.  It  appears  also  to  be  formed  when  mercuric  oxide  is  heated 
with  neutral  tartrate  of  ammonium:  the  oxide  then  dissolves,  with  cvolotion  of 
ammonia ;  and  if  an  excess  of  it  be  used,  a  white  compound  separates  ;  the  filtered 
liquid,  when  concentrated,  deposits  needles,  and,  on  addition  of  water,  a  white  pivcipi- 

fate,  containing  C"H'«(N2H2Hg»)"0".6H-0.    (Harff,  Brandes*  Aich.  t.  269.— Bur ck- 
hardt,  ibid.  [2]  xi.  257.) 

Potamo-mnrcuric  tartrate  is  obtained,  in  small  slightly  soluble  prisms,  by  digesting 
mercuric  oxide  with  cream  of  tartar. — When  cream  of  tartar  is  boiled  with  dhloride 
of  mereurammonium  (white  pretMpitatc),  a  largo  quantity  of  carbonic  anhydride  is 
evolved;  thofilterwl  liquid  deposits.,  on  evaporation,  sparingly  soluble  salts  containing 
mertnirv  :  nnd  the  mother-liquors  yield  needles,  apparently  consisting  of  the  compoand 
4C*IPK()«.HjrTl-.GH'0. 

Tartrate  of  Nickel. — Precipitatwl  as  a  green  crystalline  powdeT,  neariy 
insoluble  in  water,  on  saturating  a  boiling  solution  of  tartaric  acid  with  hjdn&te  or 
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Ammoniacal  Cupric  TartraUs. — Tlio  tetrammoniated  salt,  4NH'.C*H*Cu''0*,  or  tartrate 
of  ammocKpr ammonium,  C*H^[N'*II*(NH*)*Cu"]"0*,  remains,  on  evaporating  a  solution 
of  cupric  tartrate  in  ammonia,  as  an  uncrystallisable,  har ),  vitreous  mass,  permanent 
in  the  air.  Its  aqueous  solution  is  also  very  permanent,  does  not  act  upon  cellulose, 
and  is  not  reduced  by  heating  with  glucose.  At  150°  it  gives  off  all  its  ammonia; 
between  100°  and  110^  only  half;  leaving  tartrate  of  ci'prammcnium,  2NH».C*H*Cu''0* 
■-  C*H*(N2H«Cu")'0«. 

Cupric  tartrate  dissolves  easily  also  in  aqueous  etkt/famine,  forming  a  dark-blue 
liquid,  which,  on  evaporation,  leaves  u  blue,  vitreous,  deliquescent  salt,  approximating 

in  composition  to  the  formula   C*H*Lj^jj,.q,jjsv  >Cu  j6*.  (Schiff,  Jahresb.  1862, 

p.  204.) 

Tartrate,  Ferrous. — White  or  pale-green  ciystalline  powder,  precipitated  on 
mixing  a  Holution  of  ferrous  sulphate  with  tartaric  acid  or  neutral  potassic  tartrate,  or 
on  dissolving  metallic  iron  in  tartaric  acid.  It  dissolves  easily  in  caustic  alkalis, 
forming  a  solution  which  oxidises  quickly  on  exposure  to  the  air. 

Tartrates  OF  Lead. — The  monopfumbic  or  dibasic  salt,  C*H*Pb''0*,  is  a  white 
crystalline  precipitate,  obtained  by  mixing  nitrate  or  acetate  of  lead  with  tartaric 
acid.  It  is  very  soluble  in  nitric  acid  and  in  excess  of  tartaric  acid  ;  also  in  tartrate 
of  ammonium,  the  concentrated  solution  solidifying  to  a  gelatinous  mass.  When 
treated  with  chloride  of  acetyl,  it  yields  chloride  of  lead  and  a  thick  yellowish  syrup, 
vhich  decomposes  at  130*^,  with  evolution  of  carbonic  oxide  and  carbonic  anhydride. 
(Schiitzenberger,  Jahresb.  1861,  p.  439.) 

A  diplumhic  or  tetrabasic  salt,  C*H*Pb'0*,  is  obtained  by  boiling  an  ammoniacal 
solution  of  the  monoplumbic  salt.  (Erdmann,  Ann.  Ch.  Pharm.  zxi.  19. — H^ntz, 
Zeitschr.  Ch.  Pharm.  1861,  p.  17.) 

Tartrates  of  Magnesium. — The  neutral  saltf  C^H*Mg''0*.4H*0,  is  obtained 
in  crystalline  crusts,  by  evaporating  a  solution  of  magnesium-carbonate  in  tartaric  acid. 
It  dissolves  in  122  pts.  of  water  at  16°.— The  add  salt,  C"H'»Mg''0"  (crystallised),  is 
formed  in  the  preparation  of  the  neutral  salt  when  an  excess  of  tartaric  acid  is  iised. 
It  forms  crystalline  crusts,  soluble  in  62  pts.  water  at  16°. 

Potassio-magtysic  tartrate,  C*H'Mg'TC'O*.4H*0,  is  obtained,  in  crystals,  by  boiling 
cream  of  tartar  with  water  and  carbonate  of  magnesium. — An  ammonio-magnesic  salt 
of  corresponding  composition  is  obtained  in  a  similar  manner. — The  sodio-niagnesic 
salt,  C*H"Mg"Na*0*.6H''0,  is  deposited,  on  evaporating  a  mixture  of  Rochelle-salt  and 
carbonate  of  magnesium,  in  mouoclinic  prisms  having  the  angles  ooP  :  ooP  =  129^; 
oP  :  ooPoo  a  103°.  Ammonia  throws  down  from  the  solution  of  either  of  these  salts 
a  basic  tartrate  of  magnesium,  C*Il*Mg*0*.Mg"0.2H*0,  the  formation  of  which 
interferes  considerably  with  the  use  of  tArt^ric  acid  in  Otto's  method  of  separating 
phosphoric  acid  from  certain  bases :  hence  citric  acid  is  preferable  for  this  purpose. 
(See  Phosphoric  Acid,  iv.  647.) 

Tartrate  of  Manganes e. — ^A  solution  of  neutral  potassic  tartrate,  mixed  wit h 
manganous  chloride,  first  deposits  acid  tartrate  of  potassium,  and  then  colourless 
crystals  of  manganous  tartrate,  which  are  decomposed  by  boiling  water  into  a  soluble 
acid  salt  and  an  insoluble  basic  salt.  By  dissolving  manganous  carbonate  in  cream  of 
tartar,  a  very  soluble  salt  is  obtained,  difficult  to  crystallise. 

Tartrate,  Meqouric. — ^White  precipitate,  insoluble  in  water,  very  soluble  in 
weak  nitric  acid. 

Amnionio-^mercuric  tartrate,  obtained  by  boiling  acid  tartrate  of  ammonium  with 
mercuric  oxide,  forms  small  prisms  soluble  in  water. — Tartrate  of  mcrcuramntonmm 
is  obtained,  by  digesting  mercuric  tartrate  with  ammonia,  as  a  white  powder 
insoluble  in  water.  It  appears  also  to  be  formed  when  mercuric  oxide  is  heated 
with  neutral  tartrate  of  ammonium:  the  oxide  then  dissolves,  with  evolution  of 
ammonia ;  and  if  an  excess  of  it  be  used,  a  white  compound  separates ;  the  filtered 
liquid,  when  concentrated,  deposits  needles,  and,  on  addition  of  water,  a  white  precipi- 
tate, containing  C«H'»(N*H2flg»)"0'«.6H«0.  (Harf f,  Brandes*  Arch.  v.  269.— Burc k- 
hardt,  ibid.  [2]  xi.  267.) 

Fotassio-Tturcuric  tartrate  is  obtained,  in  small  slightly  soluble  prisms,  by  dieting 
mercuric  oxide  with  cream  of  tartar. — When  cream  of  tartar  is  boiled  with  chloride 
of  mercurammonium  (white  precipitate),  a  lai^e  quantity  of  carbonic  anhydride  is 
evolved;  the  filtered  liquid  deposits,  on  evaporation,  sparingly  soluble  salts  containing 
mercun' ;  and  the  mother-liquors  yield  needles,  apparently  consisting  of  the  compound 
4C*H*KO«.Hg''C1^.6H»0. 

Tartrate  of  Nickel. — Precipitated  as  a  green  crystalline  powder,  nearly 
insoluble  in  water,  on  saturating  a  boiling  solution  of  tartaric  acid  with  hydrate  or 
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white  granular  precipitate  formed  on  adding  alcohol  to  a  solution  of  antimonioos 
oxide  in  aqueous  tartaric  acid.  It  is  insoluble  in  water,  gires  off  its  water  of  crystal- 
lisation at  100°,  and  an  additional  atom  of  water  at  190°,  leaving  the  salt 
C*H*(SbO)"0*,  analogous  in  composition  to  the  first  anhydride  of  tartaric  acid. — Acid 
antimoniotis  tartrate,  C*R\ShO)0\  or  C*H\SbO)«0«.C*H«0«(?),  appears  to  be  formed 
on  adding  alcohol  to  the  concentrated  solution  of  tho  hyperacid  salt.  At  160**  it  girea 
off  1  at.  water,  leaving  the  salt  C*H»(SbO)0*.— The  hyperacid  salt,  C*H*(SbO)«0«. 
3C*H*0*.5ir''0,  is  deposited,  after  some  time,  from  a  syrupy  solution  of  antimonious 
oxide  in  excess  of  tartaric  acid,  in  large  crystals  derived  from  a  right  rectangular 
prism.  It  is  very  soluble  in  water,  deliquesces  in  moist  air,  and  gives  off  23*1  percent, 
water  at  160^.  (P^ligot,  Ann.  Ch.  Phys.  [3]  xx.  289.) 

Ammonio-antimonious  tartrate,  C*H*(NH*){SbO)0*.^H'0,  is  produced  by 
boiling  antimonious  oxide  with  solution  of  acid  tartrate  of  ammonium.  The  filtered 
solution,  evaporated  to  a  stiff  jelly,  gradually  yields  rather  large  octahedral  crystals 
belonging  to  the  trimetric  system,  in  which  the  axes  ai  bi  c  «  0*8923  :  1  :  1*0801. 
Angle  P  :  P  (brach.)  =  110°  68';  P  :  P  (macr.)  =  101°  8' ;  P  :P  (basal)  « 
llO"^  42'.  Ordinary  combination,  P  .  oP  .  2P  .  ooP,  the  P-j&ices  being  predomi- 
nant, and  four  of  them,  so  situated  as  to  form  by  extension  a  rhombic  sphenoid,  being 
more  developed  than  the  other  four.  Cleavage  parallel  to  oP.  The  ciystals  are 
isomorphous  with  those  of  ordinary  tartar-emetic,  and  more  soluble  than  the  latter. 
They  effloresce  on  exposure  to  the  air,  and  give  off  ammonia  when  heated  a  little 
above  100°. 

When  the  octahedral  crystals  just  described  have  been  removed  from  the  mother- 
liquor,  this  liquid  yields,  in  a  short  time,  fine  prismatic  crystals,  much  more  efflorescent 
than  the  octahedral  crystals,  and  containing  |  at.  water  (16*3  per  cent.),  which  they 
give  off  at  100°.    These  crystals  are  rhombic  prisms,  having  the  angle  ooP  :   ooP  ■■ 

127*^,  and  hemihedral  from  having  two  only  of  the  edges  of  each  base  replaced  by  the 

p 
octahedral  faces  -,  forming  an  angle  of  85°  SO',  and  situated  alternately  on  the  two 

bases.  (Pasteur.) 

Pot  a  ssio -antimonious  tartrate,  C*H^K(SbO)0*.  J  H*0.  Tartar-emetic,  Tar- 
tartts  emeticus.  Tarianis  sfibiaius.  Brechweinstein.  Spiessglamweinstein, — This 
salt  was  known  to  the  older  chemists.  It  is  generally  said  to  have  been  discovered 
by  Mynsicht  (about  1631),  but  it  had  been  previously  mentioned  by  Basil  Valentine, 
about  the  eud  of  the  fifteenth  century.  It  is  prepared  by  boiling  3  pts.  antimonious 
oxide  for  about  half  an  hour  with  4  pts.  cream  of  tartar,  renewing  the  water  as  it 
evaporates,  and  filtering  the  solution  while  still  hot.  Instead  of  antimonious  oxide;, 
the  oxychloride  (algaroth-powder)  or  oxysiUphide  (glass  of  antimony)  may  be  used. 

Potassio-antimonious  tartrate  forms  octahedral  crystals  isomorphous  with  the  corre- 
sponding ammonium-salt^  and  exhibiting  the  same  faces  and  direction  of  cleavage. 
Axes  a:b:c  =  0-9656  :  1  :  1-054.  Angle  P  :  P  (brach.)  =  108°  16* ;  P  :  P  (macr.) 
»  104°  22';  P  :  P  (basal)  =  116°.  Optical  rotatory  power  [a]J  -  +166**  2'. 
Specific  gravity  of  the  crystals  «  2607  (Schiff);  2-588  (Buignet). 

Tartar-emetic  gives  off  part  of  its  water  of  crystallisation  on  exposure  to  the  air,  the 
crystals  then  becoming  opaque,  and  the  whole  at  100°.  When  heated  to  200°,  it  gives 
off  another  atom  of  water,  and  leaves  the  salt  G*H^K(SbO)0^,  analogous  in  constitu- 
tion to  the  first  anhydride  of  tartaric  acid. 

Tartar-emetic  dissolves  in  14-6  pts.  of  cold  and  1*9  pt.  of  boiling  water.  The 
solution  yields  a  crystalline  precipitate  with  alcohol,  reddens  litmus,  and  has  a  nauseous 
metallic  taste.  It  is  used  in  medicine ;  from  5  to  10  centigrammes  are  sufficient  to 
excit«  vomiting ;  in  large  doses  it  is  poisonous.  It  is  also  used  externally  as  an  in- 
gredient of  pommades  and  plasters  for  the  treatment  of  skin-diseases,  chronic  catarrh, 
&c 

Stiipkuric,  hydrochloric,  and  nitric  acids  form,  with  solution  of  tartar-emetic,  white 
precipitates  consisting  of  basic  antimony-salts,  soluble  in  excess  of  those  acids,  and  in 
tartaric  acid. — Ammonia  forms,  in  the  concentrated  aqueous  solution,  a  white  precipi- 
tate of  antimbnious  .oxide  insoluble  in  excess  of  ammonia. — Potash  forms  a  similar 
precipitate,  soluble  in  excess. — Mercuric  chloride  forms  a  precipitate  of  calomel. — 
Sulphydric  acid  throws  down  orange-red  antimonious  sulpnide;  infusion  qf  galls 
throws  down  white  flocks,  and  produces  a  cloud  even  in  dilute  solutions. 

Tartar-emetic  is  reduced  at  a  white  heat,  yielding  an  alloy  of  antimony  and  potas- 
sium, mixed  with  charcoal,  which  decomposes  water  with  evolution  of  hydrogen,  and, 
when  brought  in  contact  with  a  few  drops  of  water,  sometimes  produces  violent  ex- 
plosions. 

An  acid  potassio-antimonious  tartrate,  C<H<K(SbO)0«.C*H«0«.fH*0,  is  usually 
contained  in  the  mother-liquors  of  ordinaiy  tartar-emetic,  and  is  likewiae  produced 
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strychnine-salt  forms  brittle  needles  or  laminse,  very  slightly  soluble  in  water.  (Sten- 
house.) 

Tartrates  OF  Arsenic. — Arsenions  and  arsenic  oxide  dissolve  in  acid  tar- 
trates of  alkali-metal,  forming  double  salts  analogous  to  tartar-emetic.  (Mit- 
scherlich,  Lihrbuch. — Pelouze,  Ann.  Ch.  Phys.  [3]  vi.  63. — Marignac,  loc.  cit.) 

Armnomo-arseinous  iartratey  C*H\NH*)(A80)0*.iH'0,  is  prepaml  by  boiling 
arseniuus  oxide  for  a  long  time  iiith  acid  tartrate  of  ammonium,  the  filtered  liquid 
first  depositing  crut»ts  of  the  latter  salt  with  a  little  arsenious  oxide,  and  afterwards, 
when  strongly  concentrated,  lai*gH  efflorescent  crystals  of  the  double  salt,  which  are 
trimetric  combinations  having  the  axes  a  :  b  :  c  «=.  0-8760  :  1  :  0*6941.  Angle  P  :  P 
(brach.)  =  122«>64';  P  :  P  (macr.)  -  113°  62';  P:  P  (basal)  =  93°;  ooP  :  odP 
(macr.)  «  82°  26';  2p<x,  :  2p»  (basal)  «  108^^28'.  Observed  combination  ooP  . 
oof  00  .  P  .  2f  00  .  oP  (Marignac). — The  corresponding  iN>/amtfiR-  and  sodium-salts 
are  obtained  in  like  manner,  but  do  not  crystallise  so  well.  Marignac  obtained  the 
potassium-salt  in  rhombic  prisms  of  92°  50'  with  dihedral  summits  of  85°  10',  resting 
on  the  acute  prismatic  edges. 

Poiassio-arsenic  tartrate,  C«H*K(AsO*)0«.|H«0,  is  obtained  by  adding  1  pt  of 
cream  of  tartar  to  a  solution  of  rather  more  than  1  pt.  arsenic  oxide  (As'O^)  in  5  or  6 
pts.  of  water,  and  raising  the  liquid  to  the  boiling  heat— or,  better,  mixing  it  with 
alcohol,  the  double  salt  then  separating  as  a  cirstalline  powder.  It  is  very  soluble  in 
water,  which  however  quickly  decomposes  it,  liberating  acid  tartrate  of  potassium.  It 
parts  with  its  wat«r  of  crystallisation  at  100°,  but  does  not  give  off  any  more  water  at 
higher  temperatures  without  undergoing  complete  decomposition.  (Pelouze.) 

A  compound  of  strontio-arsenious  tartrate  with  nitrate  of  ammonium, 
2C«IPSr"(A80)*0".(NH*)NO«.12H*0,  separates  from  a  mixture  of  the  component  salta 
in  large  trimetric  crystals,  ooP  .  (xP2  .  ooPoo  .  ccf  oo  .  Poo  .  ^too .  Angle  ooP : 
ooP  (brach.)  =  113°  68';  too  :  too  (brach.)  -  113°.  The  form  of  the  crystals 
resembles  that  of  a  dimetric  or  quadratic  combination,  in  which  ooPoo  would  formtho 
end-face  ;  but  the  crystals  are  not  optically  uniaxial.     (Marignac.) 

Tartrates  of  Bismuth,  C"H"fii«0'».6H«0  -  BiK)».3C*H*0».6H«0.— When 
a  hot  concentrated  solution  of  4  pts.  tartaric  acid  is  added  to  a  hot,  moderately  strong 
solution  of  6  pts.  bismuth-oxide  in  nitric  acid,  the  mixture  first  remains  limpid,  but, 
when  left  at  rest,  deposits  a  considerable  quantity  of  bismuth-tartrate  in  small  crystals, 
forming  a  hard  whit«  crust  at  the  bottom  of  the  liquid  ;  they  must  be  washed  with 
aqueous  tartaric  acid,  as  pure  water  decomposes  them.  (B.  Schneider,  Pogg.  Ann. 
Ixxxviii.  65.) 

Tartrate  of  Bismuth  and  Potassium  is  produced  by  boiling  a  solution  of  cream  of 
tartar  with  excess  of  bismuth-oxide,  and  is  deposited,  on  concentrating  the  liquid,  as  a 
perfectly  white  powder,  containing  (at  100°)  C*H'''K(BiO)0*,  analogous  therefore  to 
tartar-emetic  dried  at  200°.  (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixi.  244.) 

Tartrates  op  Boron.  (Meyrac,  J.  Pharm.  iii.  8. — Soubeiran,  iffid.  iii. 
399;  xi.  660 ;  xxxv.  241. — Soubeiran  and  Capitaine,  ibid,  xxv.  741. — Duflos, 
Schw.  J.  Ixiv.  333. — Vogel,  J.  Pharm.  iii.  1. — Robiquet,  ibid,  [3]  xxi.  197. — 
Wackenroder,  Arch.  Pharm.  [2]  Iviii.  4. — Wittstein,  Repert  Pharm.  [3]  vi.  1, 
177. — On  the  optical  characters  of  these  salts:  Biot,  Ann.  Ch.  Phys.  [3]  xi.  82.)— Tar- 
taric acid  forms,  with  boron  and  the  alkali-metals,  salts  analogous  to  tartar- emetic,  the 
group  BO  taking  the  place  of  hydrogen,  or  a  metal,  just  like  Uie  group  BbO. 

Tartaric  and  boric  acids,  triturated  together,  form  a  mixture  which  appears  to  be  a 
definite  compound,  inasmuch  as  it  deliquesces  in  moist  air — a  property  not  exhibited 
either  by  tartaric  or  by  boric  acid  alone.  Boric  acid  also  dissolves  in  water  contain- 
ing tartaric  acid  more  easily  than  in  pure  water,  the  boric  acid  being,  however,  depo- 
sited on  evaporation. 

Boro-potassic  tartrate,C*'S}K(RO)0*  (at  100°) — also  called  Borotartrate  of  potassium, 
OP  Soluble  Cream  of  Tartar — is  obtained  by  evaporating  to  dryness,  1  pt.  boric  anhy- 
dride, 2  pts.  cream  of  tartar,  and  24  pts.  of  water,  and  treating  the  mass  with  alcohol« 
which  takes  up  the  excess  of  boric  acid.  It  is  a  white  amorphous  mass,  very  soluble 
in  water,  but  insoluble  in  alcohol.  Mineral  acids  added  to  its  solution,  do  not  throw 
down  either  boric  acid  or  cream  of  tartar.  At  180°  it  gives  off  1  at.  water,  leaving  the 
salt  C*H*'K(BO)0*,  and  behaves  in  other  respects  like  tartar-emetic.  Soluble  cream 
of  tartar  is  used  in  medicine  as  a  purgative,  and  externally  as  a  lotion  for  ulcers. 

By  boiling,  for  some  hours,  1  pt.  boric  acid  and  12  pts.  cream  of  tartar  with  a  large 
quantity  of  water,  removing  the  deposit  of  cream  of  tartar  which  settles  down  on 
cooling,  then  evaporating  to  dryness,  taking  up  the  residue  with  a  little  cold  water, 
removing  the  new  deposit  of  cream  of  tartar  (if  any),  repeating  these  operations  till 
cold  water  no  longer  separates  the  latter  salt,  ana  finally  treating  the  product  with 
boiling  alcohol,  a  salt  is  obtained,  containing  11*4  per  cent,  of  boric  anhydride  (B*0')^ 
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dissolring  the  product  in  water,  adding  chloride  of  calcium,  filtering  immediately  from 
the  racemate  of  calcium  which  separates  out,  and  learing  the  filtrate  to  itself,  the  cal- 
cium-salt of  inactire  tart^iric  acid  separates  out.  The  acid  crystallises  well,  and  most 
of  its  salts  are  quite  equal  in  beauty  to  the  corresponding  tartrates  and  racemates. 
(Pasteur,  Ann.  Ch.  Pharm.  Ixxxviii.  212.) 

The  inactive  tartaric  acid  prepared  from  dibromosuccinic  acid  is  probably  the 
same  modification. 

Mesotartaric  acid,  obtained  by  Dessaignes  (Compt.  rend.  It.  769  ;  Jahresb. 
1862,  p.  305),  together  with  dextrotartaric,  racemic,  and  aposorbic  acids,  by  oxidising 
sorbin  with  nitric  acid,  also  by  boiling  tartaric  or  racemic  acid  for  a  long  time  (at  least 
400  hours)  with  hydrochloric  acid,  appears  also,  from  comparatiTe  experiments  of 
Pasteur  (Bull.  Soc.  Chim.  1862,  p.  107)f  to  be  identical  with  inactiye  tartaric  acid. 

a.  It  is  separated  from  the  oxidation-products  of  sorbin  by  first  removing  the  tar- 
taric and  racemic  acid  as  acid  ammonium-salts,  precipitating  the  acid  filtrate  with 
chloride  of  calcium,  and  decompot^ing  the  calcium-salt  with  sulphuric  acid. — fi.  In 
preparing  it  from  tartaric  acid,  the  greater  part  of  the  unaltered  tartaric  acid,  and 
a  certain  quantity  of  racemic  acid,  likewise  formed  in  the  reaction,  must  first  be 
removed  by  crystallisation,  the  hydrochloric  acid  expelled  by  evaporation  over  the 
water-bath,  and  the  remaining  liquid  half  neutralised  with  ummonia,  whereby  nearly 
all  the  tartaric  acid  is  precipitated  as  acid  ammonium-salt  The  filtrate,  when  concen- 
trated, yields  large  well-defined  crystals  of  acid  mesotartrate  of  ammonium. — 7.  In 
preparing  it  from  racemic  acid,  the  unaltered  racemic  acid  is  removed  by  crystallisation, 
the  hydrochloric  acid  expelled  by  evaporation,  the  remaining  liquid  half  neutralised 
with  ammonia,  and  then  precipitated  with  acetate  of  calcium. 

Mesotartaric  acid  is  very  soluble  in  water  (10  pts.  dissolving  in  8  pts.  of  water  at 
16®).  It  usually  crystallises  in  rectangular  plates  containing  1  at.  water  of  crystalli- 
sation :  C*1I*0*.H*0.  These  crj^stals  effloresce  in  a  vacuum,  and  give  oflT  their  water 
of  crystallisation  at  100°.  If  the  residue  be  then  dissolved  in  water,  and  the  solution 
evaporated  to  the  crystalline  point,  large  anhydrous  crystals  are  obtained,  resembling 
those  of  ordinary  tartaric  acid.  The  solution  of  these  crystals,  however,  if  left  to  itself, 
gradually  yields  the  hydrated  acid. 

Mesotartaric  acid  melts  at  140° ;  at  200°  it  is  partly  decomposed,  giving  off  pyro- 
tartaric  acid;  the  remaining  portion  is  partly  converted  into  racemic  acid.  It  is  also 
transformed  into  racemic  acid  by  prolonged  boiling  with  hydrochloric  acid.  (Des- 
saignes, Bull.  Soc.  Chim.  1865,  i.  34;  Jahresb.  1865,  p.  393<.) 

The  mesotartrates  for  the  most  part  resemble  the  tartrates,  but  the  acid  am- 
monium- and  potassium-salts  are  moderately  soluble  in  water,  and  the  acid  doe^  not 
precipitate  a  solution  of  gj'psum. — The  calcittm'sa/t^  C*H*C5a''0*.4H'0,  dissolves  in 
hydrochloric  acid,  and  is  precipitated  from  the  solution  by  ammonia  ;  it  also  reacts 
with  potash  in  the  same  way  as  tartrate  of  calcium. — The  lead-salt  contains  C*H'Pb"0*. 
H«0;  the  fHver-salt,  C*H^Ag«0-.H*0. 

Metatartario  Aoid«  This  isomer  of  tartaric  acid,  discovered  in  1831  by  Bra - 
connot  (Ann.  Ch.  Phys.  [2]  Ixviii.  299),  and  further  examined  by  Erdmann 
(Ann.  Ch.  Pharm.  xxi.  9),  and  by  Laurent  and  Gerhardt  (Und.  Ixx.  848),  is 
produced  by  quickly  heating  tartaric  acid  to  170° — 180°,  and  keeping  it  at  that 
temperature  till  completely  fused.  The  product  is  a  transparent  gummy  mass,  which 
gradually  becomes  opaque  and  crystalline.  If  the  beat  be  continued  longer,  ditartaric 
acid  is  also  produced. 

Metatartaric  acid  is  deliquescent^  While  still  hot  and  liquid,  it  turns  the  plane  of 
polarisation  strongly  to  the  right ;  but  as  it  cools  and  solidifies,  the  dextrorotatory 
power  becomes  weaker,  and  at  3*5°  perceptible  laevorotation  is  produced. 

The  metatartrates  have  the  same  composition  as  the  tartrates,  but  are  for  the 
most  part  distinguished  from  them  by  their  crystalline  forms,  and  by  greater  solubility. 
By  boiling  their  aqueous  solutions,  they  are  gradually  converted  into  tartrates. 

The  OLvi  amnion ium-saftf  C*H*(NH*)0*,  separates  from  very  concentrated  solutions 
in  groups  of  microscopic  needles,  usually  exnibiting  the  form  of  spindles,  somewhat 
thickened  in  the  middle.  It  is  more  soluble  than  the  acid  tartrate,  and  is  further 
distinguished  therefrom  by  not  giving  any  precipitate  with  chloride  of  calcium.  Its 
solution,  saturated  with  ammonia,  is  precipitated  by  chloride  of  calcium  only  when 
highly  concentrated  ;  and  the  crystalline  metatartraU  of  calcium  thus  obtained, 
C*H*Ca"0".4lI''0,  is  distinguished  from  the  tartrate  by  the  form  of  its  crystals, 
which  appear,  under  the  microscope,  as  irregular  lenticular  grains,  or  small  prisms 
unsymmetrical  at  the  two  ends,  whereas  the  tartrate  forms  small  often  elongated  octa- 
hedrons. Metatartrate  of  calcium  gives  off  half  its  water  of  ciystallisation  at  160°, 
and  the  rest  at  230°.  When  once  deposited  in  the  crystalline  state,  it  dissolves  but 
very  slowly  in  boiling  water,  being  at  the  same  time  converted  into  tartrate ;  but  it 
disMulves  easily  in  cold  water,  especially  if  slightly  acidulated  with  nitric  or  hydro- 
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chloric  acid.  The  liquid  neutralised  with  ammonia  again,  after  a  while,  deposits 
metatartrate  of  calcium,  with  its  characteristic  crystalline  form;  but  if  the  metitar- 
trate  dried  at  220°  be  dissolved  in  hydrochloric  acid,  the  solution,  neutralised  with 
ammonia,  yields  octahedral. crystals  of  calcic  tartrate.  (Laurent  and  Gerhardt.) 

Acid  metatartrate  of  potassium,  C*H*KO',  resembles  the  acid  tartrate  in  appearance 
and  in  its  reactions.  On  neutralising  metatartaric  acid  with  potash,  ana  adding 
alcohol,  a  limpid  oil  is  precipitated,  which  crystallises  slowly,  in  the  form  of  neutral 
potassic  tartrate,  and  the  solution  ojf  which  yields  with  calcium-salts  octahedral  crystals 
of  calcic  tartrate. 

Olyootartario  Aoid,  C«H*0*.  (A.  Schoyen,  Ann.  Ch.  Pharm.  cxxxii.  168.)— 
Olyoxal,  C'H*0*,  unites  with  2  at.  hydrocyanic  acid,  forming  a  black  amorphous  sub* 
stance*,  which,  when  heated  with  alkalis,  gives  off  ammonia,  and  is  convprted  into 
glycotartaric  acid.  This  acid  is  deliquescent,  alterable  at  100°,  and,  when  more 
strongly  heated,  gives  off  the  same  odour  as  tartaric  acid. 

The  glycotartrates  of  the  aikali-metalsy  even  the  acid  potassium-salt,  are  easily 
soluble,  and  their  solutions  are  precipitated  by  chloride  of  barium,  chloride  of  calcium, 
acetate  of  lead,  and  nitrate  of  silver. — The  barium-salt  contains  C'H^Ba"0'.H'0 ;  the 
lead-salt,  C«HTb''0«.HH). 

Acids  derived  from  Tartaric  Acid  by  substitution  of  Acid  Radicles  for  the  Alcoholic 

Hydrogen, 

(C«H»0)*) 
Siaoetotartarto  Add,  (^WO*  <-  (C*HK)')>^ 

H«     j 

HjdHde,  C»HW  -  (cSh)«)«'|^-    (BallJk,  Wien.  Akad.Ber.  xxix.  26.— Pilz, 

ihid.  xliv.  [2]  7 ;  Jahresb.  1861,  p.  368.— Perkin,  Chem.  Soc.  Qu.  J.  xx.  149).— The 
anhydride  is  produced  by  heating  pulverised  tartaric  acid  with  chloride  of  acetyl : 

C*H«0«  +   2C«H»0a     -     C«H»0'  +   2HC1  +  H«0. 

It  is  a  tough  crystalline  solid,  melting  at  126° — 127°  C.  When  distilled,  it  undergoes 
A  considerable  amount  of  decomposition,  especially  if  the  distillation  be  carried  on 
slowly.  It  boils  above  250^  C,  but  no  fixed  point  can  be  obtained,  acetic  anhydride 
coming  over  during  the  distillation,  as  well  as  other  products,  some  of  which  affect 
the  eyes  like  acrolein  ;  a  residue  of  carbon  is  left  in  the  retort.  If  heated  gently,  it 
Hublimes  in  beautiful  but  small  prisms.  It  is  slightly  soluble  in  benzene,  and  crys- 
tallines from  this  solvent  in  slender  white  needles.  It  also  crystallises  from  acetic 
anhydride.  (Perkin.) 

Diacetotartaricacid,  C»H^»0*  -  C*H»0».H«0,  is  formed  by  the  direct  combi- 
nation of  the  anhydride  with  water.  The  aqueous  solution,  evaporated  in  a  vacuum, 
leaves  the  acid  as  a  transparent,  gummy,  deliquescent  substance,  having  a  very 
ncid  taste.  When  strongly  heated,  it  decomposes,  without  previous  formation  of 
tlie  anhydride.  Heated  with  caustic  potash  or  soda,  it  is  resolved  into  tartaric  and 
acetic  acids : 

c«H>»o«  +  2n=o    -   c*n«o«  +  2C«h*o«. 

Diacetotartaric  acid  is  dibasic,  forming  acid  and  neutral  salts ;  they  are  all  very 
soluble,  and  somewhat  difficult  to  obtain  pure  ;  they  are  prepared  by  dissolving  the 
eevenil  carbonates  in  the  aqueous  acid. 

Tlie  neutral  potassium^  and  sodium-salts  are  very  deliquescent. — The  acid  potassium- 
salt,  C"II*KO*,  is  a  crystalline  powder,  very  soluble,  but  not  deliquescent ;  it  has  an 
acid  taste,  and  reddens  litmus  powerfully. — The  barium-salt,  C*H*Ba''0",  cr}-8tallisee 
from  a  syrupy  solution,  in  slender  deliquescent  needles,  sometimes  half  an  inch  long. — 
The  calcium-salt,  C*H'Ca"0\  dries  up,  on  evaporation,  to  an  opaque,  friable,  deliques- 
cent mass. — The  cupric  salt,  CIl*Ca  '0*,  furms  blue  crystals. — The  mercurous  salt  is  a 
gelatinous  precipitate,  soluble  in  acetic  acid. — The  silver-salt,  C"H*Ag'0*,  is  a  white 
crystalline  mass,  very  slowly  acted  upon  by  light.  (Perkin.) 

Paratartaric  (racemic)  acid,  heated  with  chloride  of  acetyl,  yields  diacetopa ra- 
ta rtaric  anhydride,  as  a  beautiful  crystalline  bodv,  isomeric  with  diacetotartaric 
anhydride,  which  it  resembles  in  melting-point  and  other  properties.  In  contact  with 
water,  it  yields  diacetoparatartaric  acid,  which  is  resolved  by  heating  with 
alkalis  into  acetic  and  paratartaric  acids.  (Perkin.) 

H.C'H»0) 
BensotartarloAcld,C^«H»»0'  -  (C*n«0»)»' >0*.  (Dessaignes,  J.  Pharm.  [3] 

H«    > 
Vol.  V.  Y  Y 
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xzxii.  47  ;  Jahresb.  1847,  p.  307.) — Produced  by  heating  1  at.  tartaric  acid  and  1  at. 
benzoic  acid  to  150°  in  a  scaled  tube : 

c*n«o«  +  C'H«o«   -   H»o  +  c»H>•o^ 

A  brown  liquid  is  thereby  formed,  which,  when  dissolved  in  hot  water,  deposita  ben- 
zoic acid ;  the  residue,  left  on  evaporating  the  mother-liquor  to  dryness,  dissolves  par- 
tially in  carlx>nate  of  sodium ;  and  the  solution,  decolorised  with  charcoal  and  slightly 
supersaturated  with  hydrochloric  acid,  deposits  benzotartaric  acid,  in  warty  groups  of 
microscopic  cr}'stals  (Dessaignes).  It  is  also  formed,  to(;ether  with  ethylbenzo- 
tartaric  acid,  by  the  action  of  dilute  alcoholic  potash  on  benzotartaric  ether,  and 
remains  in  the  mother-liquor  after  the  ethylbenzotartaric  acid  has  separated  out. 

(Perkin,  p.  695.), 

Benzotartaric  acid  is  more  soluble  than  benzoic  acid  in  wat>er,  but  less  soluble  in 
alcohol.  It  remains  unaltered  at  the  temperature  at  which  benzoic  acid  melts  and 
sublimes:  at  a  higher  tenlperature,  it  melts  and  gives  off  benzoic  acid,  the  residue 
turning  brown,  and  emitting  the  odour  of  burnt  tartar.  A  cold  saturated  solution  of 
the  acid  forms  no  precipitate  with  ferric  chloride,  lime-water,  or  silver-nitrate,  but  a 
slight  precipitate  with  basic  acetate  of  lead.  When  saturated  with  ammonia,  it  forms 
a  pale-yellow  precipitate  with  ferric  chloride,  none  with  chloride  of  calcium.  In  a 
solution  of  the  acid  one-fourth  saturated  with  ammonia,  nitrate  of  silver  forms  a 
white  precipitate,  consisting  of  argentic  benzotartrate,  C"H•Ag•0^ 

IMbromotartarie  Add,  C^H^BrK)*,  is  formed  by  the  action  of  bromine,  at  100^, 
on  bromomaleic  acid  (iii.  788) ;  probably  thus : 

C*H«BrO*  +  Br«   +   2H«0     -     3HBr  +   C»H*Bi»0«. 

It  is  veiy  deliquescent.  (EekuH,  Jahresb.  1861,  p.  363.) 

(N0«)«  ) 
Witrotartarto    Add*  OH'N^i*  -  {C*BH)*y*yO*.  (Dessaignes,  Ann.   Ch. 

H«     3 

Pharm.  bcxxii.  362  ;  Ixxxix.  339.) — ^This  acid  is  formed  by  adding  1  pt  of  pulverised 
tartaric  acid  to  4  J  pts.  of  very  strong  nitric  acid ;  then  adoing,  with  stirring,  an  equal 
volume  of  strong  sulphuric  acid ;  pressing  the  pasty  mass  between  porous  tiles  ;  dis- 
solving it  in  a  small  quantity  of  lukewarm  water ;  cooling  to  0°,  and  pressing  the  crys- 
tals between  paper. 

Nitrotartanc  acid  dissolves  in  absolute  alcohol,  and  remains,  on  spontaneoua 
evaporation,  in  distinct  prisms.  It  is  optically  active,  like  tartaric  add  (Cnautard). 
It  is  very  unstable,  its  aqueous  solution,  even  at  a  few  degrees  above  0^,  continually 
giving  off  nitric  oxide  and  carbonic  anhydride.  By  spontaneous  erapOTadon,  it  yields 
tartronic  acid  (p.  698),  and,  when  heated  to  40® — 60°,  oxalic  Eda.—Bj sulphide  of 
ammonium  it  is  reconverted  into  tartaric  acid. 

The  nitrotartrates  have  not  been   much   examined. — ^The    acid  ammonmm^sali, 

Ji4[c^H'(K0*)'0*,  forms  small,  veiy  soluble  crystals. — The  neutral  amnumium'talt 

yields,  with  nitrate  of  silver,  an  easily  soluble  silver-salt,  containing 
Ag«C*H«(NO«)«0«. 

TASTAXXO  AMZBB8.    See  Tabtrajoc  Acm  and  Tabtramidb. 


Since  tartaric  acid  contains  four  atoms  of 
replaceable  hydrogen,  it  should  be  capable  of  yielding  two  anhydrides,  by  the  loss  of 
H*0  and  2H'0  respectively :  thus — 

(C'HWjo,  CW)"jo.,  (C'ffOT.O'. 

Tartaric  acid.  First  anhydride.  True  anhydride. 

But  as  the  four  typic  hydrogen-atoms  of  tartaric  acid  are  not  all  of  the  same  character 
(two  being  alcoholic  and  two  basic),  it  is  further  possible  that  the  first  anhydride  may 
exhibit  three  isomeric  modifications,  according  as  the  alcoholic  or  basic  hydiogen-atoms 
of  the  acid  are  eliminated  in  its  formation :  thus — 

(C'H'OTjo.         (c«H«^y.|o«.        (cwVI^*- 

Dibasic  acid.  Monobasic  Neutral  an- 

add.  hydride. 

Further,  two  or  more  molecules  of  tartaric  acid  may  unite  together  in  giving  up 

water,  thereby  producing  compounds  analogous  to  the  polvethylenic  alcohols  (ii.  670), 

the  polyglycerins  (ii.  894),  and  the  polykctic  acids  (iii.  461).    The  simplest,  and 

theiefore  the  most  probable  of  these  compounds,  would  be  di  tartaric  acid,  which, 

by  further  elimination  of  water,  might  yield  corresponding  anhydrides :  thoo — 
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H«       \  H«       \ 

(c«H'0')"Io,  (omo'r  Q, 

(C«H«0«)"  r     •  (C«HK)»/'   "  • 

H«        J  H*        j 

DiUrUric  acid.  DItarUrIc  anhjrdride. 

All  these  oompounds  might  possibly  be  prcdneed  by  the  action  of  heat  upon  tartaric 
acid.  Only  a  few  of  them  haye,  howeyer,  been  actually  obtained;  and,  moreoyer,  the 
statements  of  different  chemists,  who  haye  inyestigated  the  decompositions  of  tartaric 
acid  by  heat,  do  not  quite  agree.  (See  especially  Braconnot,  Ann.  Ch.  Pharm.  ii. 
315.— Fr^my,  ibid.  uz.  197;  xzix.  142;  Ixzyiii.  297.— Erdmann,  ibid,  zzi.  9.— 
Laurent  and  Gerhardt,  ibid,  Izz.  348.)  But,  as  already  obseryed  (p.  675),  it 
appears  most  probable  that  the  first  effect  of  heat  on  tartaric  acid  is  to  conyert  it  into 
the  isomeric  compound,  metatartaric  acid;  and  thatikfterwards,  by  successiye  elimi- 
nation of  water,  tnere  are  formed — first,  ditartar  ic  acid,  then  a  soluble  modification 
of  the  first  anhydride,  C^H^O*,  called  by  Fr^my  tartrelic  acid;  and,  finally,  the 
neutral  insoluble  modification  of  the  same  anhydride.  The  true  anhydride  of  tartaric 
acid,  C«H*0*.0*  is  not  known.  (Kekul^  Lekrbruch,  ii.  199.) 

lUtartarto  Aeid,G^>K)"  -  2G*HH)*  -  H*0.— This  acid  (called  Tar tralie  acid  hy 
Fremy,  laotartaric  acid  by  Laurent  and  Gerhardt)  is  produced  by  melting  tartaric  acid, 
and  keeping  it  at  a  temperature  of  170^,  till  it  no  longer  giyes  a  precipitate  of  calcic 
tartrelate  with  lime,  or  with  calcic  acetate  (Fremy)  ;  also  by  adding  tartaric  anhy- 
dride to  melting  tartaric  acid  (Schiff,  Zeitsohr.  Ch.  Pharro.  1862,  p.  376).  It  is 
yery  soluble  in  water,  and  not  crystallisable.  Its  salts,  C«H*M'0"  and  C^H^M^OI*, 
eyen  the  calcium-salt,  are  also  yery  soluble  in  water,  and  are  precipitated  by  alcohol  in 
the  form  of  syrup  or  of  bulky  flocks.  By  boiling  with  water,  they  are  conyerted,  first 
into  acid  metatartrates,  and  then  into  tartrates. 

Gerhardt  (TVot/^,  ii.  15,  61)  regards  tartralic  acid  as  isomeric  with  tartaric  and 
metatartaric  acids,  on  the  ground  that  tartaric  acid  may  be  conyerted  into  it  without 
loss  of  weight,  eyen  in  presence  of  water.  According  to  this  yiew,  the  composition  of 
the  taitralates,  which  are  neutral,  is  the  same  as  that  of  the  acid  tartrates  and  meta- 
tartrates ;  but  analysis  shows  that  the  composition  of  these  salts  agrees  more  nearly 
with  the  formula  of  the  ditartrates  aboye  giyen. 

TartreUo  Aold«  C*H*0»  =  OHW  -  H*0.  SoluhU  Tartaric  Anhydride,-^ 
Obtained  by  quickly  heating  small  quantities  of  tartaric  acid  till  the  fused  mass  swells 
up.  It  is  a  yellowish,  tumefied,  deliquescent  mass,  which  dissolyes  in  water,  forming 
an  acid  solution. 

Chloride  or  acetate  of  calcium  added  to  this  solution,  throws  down  tartrelate  of 
calcium^  C*H*Ca''0**,  as  a  syrupy  mass,  which  is  insoluble  in  Water,  and  becomes  crys- 
talline by  contact  with  alcohol.  The  barium-  and  strontium-ealts^  which  are  similar 
in  composition,  and  prepared  in  like  manner,  are  also  syrupy  masses,  insoluble  in 
water.  Tartrelic  acid,  heated  with  lead-oxide  to  160°,.  yields  a  lead-salt  containing 
C*H*Pb*0*. — In  contact  with  alkalit,  it  forms  tartralates  or  ditartrates.  By  boiling 
with  water,  it  is  conyerted,  first  into  metatartaric,  then  into  tartaric  acid. 

Zasoluble  Tartaiio  Anlijrdridef  C*H*0',  is  formed  by  heating  tartaric  add 
for  some  time  to  150^,  exhausting  the  product  with  cold  water,  and  drying  it  in  a 
yacuum.  It  is  a  white  powder,  insoluble  in  water,  alcohol,  and  ether ;  and  is  conyerted 
by  water,  slowly  in  the  cold,  quickly  on  boiling,  into  tartaric  acid.  (Fr^my.) 


Tartaric  acid,  like  other  dibasic  acids,  forms,  with 
monatomic  acids,  both  acid  and  neutral  ethers,  the  former  of  which  are  monobasic 
acids ;  e.g. : 


0«.  (C^H«0«)«^  \  0\ 

^H»)«     ) 


(C*H«0«)«^ 
H.C«H»  )  (C«H 

EtbylUrUric  Neutral  ethylic 

acid.  tartrate. 

The  two  alcoholic  hydrogen-atoms  in  these  ethers  are  also  replaceable  by  acid- 
radicles,  forming  compounds  like  the  following : 


H.C»H«0  \  C«H«O.C'H»0  \ 


H.C^H)) 

(C'H«07'   0\  (C*H«07^  \  0\  (C*H»0*)»' 

H.C«H»  j  (C«H»)«   j                     (C*H»)« 

Rlhylbenio-  AcctoUrtaric                      Acetobenao- 

tartark  add.  ether.                            tarUric  ether. 


[»)«    j 


0«. 


Closely  related  to  these  ethers  arc  also  certain  dibasic  acids,  deriyed  from  tartaric 

TT  2 
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a/:'id  by  Uac  unlmUViXii/n  of  acid-nvfli'.-leis  for  one  or  both  of  it«  aleoholic  liTdrog»ai- 
ntz/iuv  (p.  6b'^y :  ^M. 


(C^H=0-/'lO*. 


Jifuz'XArUric  DiaotitoCartaric  Diiuu-otastaric 

M'ld.  acid. 


11i«^  <'y>niiljttjii'>ii  '/f  th(r««  «y>iDponD48  shows  that  tartaric  add  maj  be  regarded  as  a 
d't'diomif  tiltyAi'A,  uh  w<'11  &«  &  dilMsic  a/nd. 

Tli«r  a';i<l  tJirUirlt'.  ef.h«?n»  an;  fonnwl  bj  tlic  direet  action  of  tartaric  acid  on  tie 
alc/holtf ;  t)io  lif^utrsil  «thfn  b/  passinf^  hydrochloric  acid  fs^  iDto  a  solution  of  the 
axfid  in  ih''  rt-mH-tiUYt:  alcohols.  The  d«ri  rati  res  of  these  ethers  coptaining  acid 
radi<!li'S,  ttrti  iormtyi  by  tntatiuf^  th«^m  with  alcoholic  chlorides. 

A  f<^w  utht*n  are  also  known,  produced  bj  the  action  of  tartaric  acid  on  poljalomic 
ttlcjhols, 

Neutral  Tartaric  Ethers,  containing  Monatomie  Alcokol-radicUt. 

attijnio  TMTtrate,  or  Tarlsrlc  BthMr,  C*H>«0«  »  C^H«(C-'H*)K>*.  (Demon- 
d  ft  sir,  Ann.  Ch,  J'luirm.  Uxx  301.)— This  ether  is  a  liquid  which  acts  on  polarised 
lifjht.  It  benrs  li  soniowhat  hi^h  tompffniture  without  d«NX»mpoeition,  but,  when  heated 
to  a  ctirtain  fioint,  f^ives  off  (vmsidrrable  quantities  of  pyrotArtaric  acid.  It  mixes  in 
nil  projHirtionH  with  vutter,  alcohol,  and  common  t-ther. — With  ammonia  it  yields 
turtriiniii?  iicid  f>r  (urtniniid«s  acc^inlin^  to  the  time  for  which  the  action  is  continued. 

Titrtaric  etlu^r  in  ({(•compr>H<Hl  by  sodium,  with  evolution  of  hydrogen;  the  action  is 
slow,  on  u<*(U)iiMt  of  (he  vimriditv  of  the  ether,  but  may  be  made  to  go  on  very  rapidly, 
by  mixing  it  with  tlv»  or  six  times  its  volume  of  anfiydrous  benzene.  On  separating 
the  I'XCdiiM  of  Hoilium,  und  evaporating,  a  pale  yellowish-biown,  uncrystalline,  but  friable 

U.Na   ) 
residue,   is  obtiiimid,  probably  consisting  of  sodiotartaric  ether — C*HK)'rO. 

{C'U^y ) 
1)y  tlut  continued  action  of  the  s(Mlium,  a  gelatinous  product  is  also  formed,  probably 

Nu»    ) 
disodiotiirtaric  other,  CMP()«  >0*.    (Porkin.) 

(C«II»)0 

AoetotartMTle  Sther,  C'»ll»«0'  -  C«n«(C«IPOXC«H»)»0«.  (Perkin,  Chem. 
Hoc.  J.  XX.  145.)--l*rotlui*(Hl  by  the  action  of  acetylic  chloride  on  an  equivalent  quan- 
tity ot'  tartarii'  ether ;  the  action  tjikos  place  at  ordinary  temperatures,  large  quantities 
(tf  hydiMidiloric  acid  l>eiu^  evolved,  and  the  mixture  becoming  hot.  The  oily  product  is 
purillrd  by  U);itating  it  with  water,  dinsolving  in  other,  agitating  the  ethereal  solution 
with  dry  carltonate  of  sodium,  Altering,  and  evaporating  to  dimness  over  the  water- 
bath. 

Acctotartario  other  is  au  oily  liquid,  having  about  the  consistence  of  olive-oil, 
heavier  than  water,  and  slightly  soluble  therein,  but  quite  insoluble  in  saline 
solutiiiUH.  It  in  perfectly  neutral  to  te»t-paper,  and  has  a  rather  bitter  taste.  When 
Homt^what  st  rongly  heatiil  in  a  n^turt,  it  decomposes,  giving  off  acetic  acid ;  at  about 
2H7'\  an  oil  pastttts  i»ver,  and  finally  a  carbonaceous  residue  is  left.  It  is  decomposni 
by  aqutsnm  nnuuouia,  the  si^lution,  when  evaporated,  yielding  a  yellowish  syrupy 
jirmluot,  Imving  a  bitter  and  Hlightly  burning  taste.  Heated  with  chloride  o/benzoyi. 
It  gives  otf  hydrochloric  acid,  and  forms  a  thick  colourless  oil,  probablj  benz- 
MHttutartario  ether. 

Aovtt»tartario  ether  is  rapidly  decompost*d  by  sodium,  especially  when  diluted  with 
beuKene,  hYdnn*en-fi:as  InMug  evolvixl,  and  a  tninsparent  gummy  substance  formed, 
proliablv  ivuMstiugof  sodaoetotartaric  ether,  C*H«Na(C«H*6XC*H*)K)«. 

»Uo#totMrtaHo  Btheis  C"H»H>»  -  C*HXC«H«0)»(C*H*)K>«.  (Perkin, 
Chem.  .Sv.  J.  XX.  U7.) — IVxluced  by  treatins  1  at.  tartaric  ether  with  2  at.  chloride 
txf  acetyl,  and,  after  the  r**aotion  has  abated,  heating  the  product  for  a  short  time  to 
100-^  iu  a  Si^alell  tul>e.  When  purified  like  the  preceding,  it  solidifies  to  a  beautiful 
ervstalline  ma<is,  waioh  n\ay  l>e  separated  fh)m  a  small  quantity  of  oily  acetotaitaric 
ether  by  stroug  pressure  belween  bibulous  paper,  and  then  crvstallised  from  water. 

Piacetotartario  ether  disi^wlves  in  all  proportions  in  alcoh<.l  and  common  ethtr^  ami 
is  precipitated  {h>m  its  alA>holic  »i>lation  by  water.  When  it  is  boiled  with  water,  a 
eousiderable  quantity  di:»olves,  and  the  solution,  on  cooling,  deposits  it  in  splendid 
pffiionatic  crystals  more  than  1|  inch  long.  It  is  slightly  9ol^ble  in  cold  water,  boC 
Ott  tbo  additioa  ^4  a  strong  solution  of  chloride  of  sodxum»  the  liquid  becomes  eloiaij; 
Md  Um  dMoetottirtarie  ether  cxTStaUisea  oat  on  standiiig. 

DilftMlotutwne  ether  mehs  to  a  coloartess  oSL  at  67^,  and  docs  not  fMoIidify  on 
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coolinff ;  but  as  soon  as  a  small  particle  of  the  solid  product  is  thrown  into  it,  it  begins  to 
crystallise  in  tufVs  of  needles,  and  in  a  few  moments  becomes  perfectly  solid.  During 
crystallisation,  it  evolves  heat  sufficient  to  become  quite  hot  to  the  hand.  When 
strongly  heated,  it  distils  with  only  slight  decomposition.  It  boils  between  294^  and 
298°. 

Diacetotartaric  ether  is  not  quickly  decomposed  by  aqueous  potash,  or  by  cold  alcoho- 
lic ammonia.  It  is  scarcely  acted  upon  by  sodium,  eitner  in  the  fused  state,  or  when 
dissolved  in  benzene. 

Paratartaric  (racemic)  ether  treated  with  chloride  of  acetyl  yields  acetopara- 
tartaricand  diacetoparatartaric  ether,  isomeric  with  the  tartaric  ethers  just 
described.  Monacetoparatartaric  ether  is  a  colourless  oil.  Diacetoparatartaric  ether 
is  a  solid  body,  melting  at  60*5°,  boiling  at  about  298^,  and  distilling  with  slight 
decomposition.  It  dissolves  in  alcohol  or  ether  in  all  proportions.  It  is  deposited 
from  its  boiling  aqueous  solution,  on  cooling,  in  small  tufts  of  needles,  and,  after 
lung  standing,  sometimes  forms  short  but  very  brilliant  prif^ms  on  the  sides  of  the  vessel. 

aanxotmrtarie  Btli«r,  C'»H'»0^  -  Cf*H«(C'H»0)(C«H»)«0«.  (Perkin,  Chem. 
Soc.  J.  XX.  139.) — Produced  by  heating  chloride  of  benzoyl  with  a  slight  excess  of 
tartaric  ether  to  100**  for  two  or  three  hours.  When  purified,  like  the  preceding 
compound,  by  agitation  with  carbonate  of  sodium,  solution  in  ether,  &c.,  it  forms  a 
viscid  transparent  oil,  which,  on  standing  (especially  under  water)  for  two  or  three 
weeks,  is  almost  wholly  converted  into  a  mass  of  colourless  prismatic  ciystals,  which 
may  be  freed  from  oil  by  pressure. 

&nzotartari£  ether,  when  pure,  is  a  white  inodorous  solid,  heavier  than  water,  and 
easily  pulverised.  It  melts  at  64°,  and  cools  to  a  viscid  oil,  which  does  not  solidify 
until  it  hafl  stood  for  some  considerable  time;  but  the  Introduction  of  a  minute  piece 
of  the  solid  product  immediately  causes  it  to  commence  cr}'8tallising  ;  and  this  takes 
place  with  a  veiy  considerable  elevation  of  temperature.  It  crj'stallises  in  transparent 
prinms.      If  strongly  heated,  it  distils  with  decomposition.      It   is  soluble  in   all 

f>roportions  in  a/coaol  and  (ther ;  slightly  soluble  in  boiling  water,  the  solution 
)ecoming  milky  and  depositing  oily  drops  on  cooling;  afterwards  beautiful  but 
small  prismatic  crystals  separate.  Its  aqueous  solution  has  a  slightly  bitter  taste. 
Its  solutions  do  not  change  the  colour  of  litmus-paper. — Aqueous  potash  appears  to 
be  without  action  upon  it.  With  sodium,  it  liberates  hydrogen,  and  appears  to  form  a 
sodium-compound.  When  heated  in  a  Eealed  tube  to  100^  with  alcoholic  awmonia,  it 
slowly  decomposes,  and  is  apparently  converted  into  benzoic  acid,  tartramide,  bcnzo- 
tartramide,  and  alcohol. 

Alcoholic  potash  quickly  decomposes  benzotartaric  ether,  yielding,  if  in  excess, 
tartaric  and  benzoic  acids ;  but  if  dilute  solutions  are  used,  and  the  quantity  of  potash 
present  is  not  sufficient  to  produce  complete  decomposition,  benzotartaric  and  ethyl- 
benzotartaric  acids  are  produced  (p.  695).  The  formation  of  these  products  is 
represented  by  the  following  equations : 

^2I|C*H«(C»H»0)0«    +    H«0  «   CH'O  +  ^,^,  |  C«H»(C'H*0)0«. 

fienxoUrtaric  ether.  Alcohol.  Ethylbenxnurtaric 

acid. 

^2»|C*H«(C'H»0)0«   +   2H20  -  2Cm«0   +   JJ  |  C*H»(C'nK))0«. 

B«nsotArtaric 
acid. 

^J{1|C^H«(C'H*0)0«   +   3mO  -  2C*R*0  +   2|c*H*0«  +  C'H«0». 

Tartaric  Benxoic 

acid.  acid. 

Benzotartaric  ether  is  not  converted  into  dibenzotartaric  ether  by  heating  with 
chloride  of  benzoyl ;  neither  does  this  compound  appear  to  be  produced  by  heating 
tartaric  ether  with  2  at.  chloride  of  benzoyl. 

Paratartaric  ether  heated  with  chloride  of  benzoyl,  yields  bcnzoparatartaric 
ether  isomeric  with  benzotartaric  ether,  but  melting  at  a  much  lower  temperature, 
viz.  57^,  and  not  crystallising  so  readily. 

AoetobensotaitaHo  Btber,  CH-K)*  «  C*HXC2H«0)(C^H*0XCm»/0«. 
(Perkin,  Chem.  Soc.  J.  xx.  146.) — Prepared  by  heating  benzotartaric  ether  with  a 
slight  excess  of  chloride  of  acetyl  to  140° — 150*^,  in  a  sealed  tube  for  three  or  four 
hours.  It  is  a  very  thick  colourless  oil,  heavier  than  water,  showing  no  tendency  to' 
solidify,  neutral  to  test-paper,  very  soluble  in  alcohol  and  ether. — Heated  with 
alcoholic  potash,  it  is  completely  resolved  into  alcohol,  and  acetic,  benzoic,  and  tartaric 
acids; 

C"H»0*  +  4H^0  -  2C*HH)  +  CH^O*  +  CHH)"  +  C*RH)\ 
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Snoeinotartario  BtHer,  C~H««0»*  «  C«H«(C*H«0«)''(C»H»)«0»«.  (Perkin. 
Chem.  Soc.  J.  xx.  143.) — This  body,  formed  by  the  substitution  of  1  at  suocinyl 
for  2  at.  hydrogen  in  a  double  molecule  of  tartaric  ether,  is  prepared  by  heating  2  at. 
tartaric  ether  with  1  at.  chloride  of  succinyl  in  a  test-tube  to  100^,  as  long  as  hydro- 
chloric  acid  continues  to  go  off: 

2Cm\Cm'')H)*  +   (C«H*OyCl«  =  2HC1  +   C«H«(C*H*0«)*(Cni»)*0«. 

The  product,  purified  like  the  preceding,  is  an  extremely  thick  oil,  generally  of  a  pale- 
yellow  colour.  It  dissolves  freely  in  alcohol  and  ether,  forming  neutral  solutions.  It  is 
decomposed  by  alcoholic  potash,  and  cannot  be  distilled  without  decomposition. 

MetliyUo  Tartrate,  C«H>«0«  -  C*H*(CH«)«0«.  Meiht^tartarie  JRAer.— Pre- 
pared like  ethyltartario  ether,  which  it  resembles.    (Bemondesir.) 

fi.   Acid  Tartaric  Ethers  containing  Monatomie  Alcohol-radules. 

These  are  monobasic  acids,  produced  by  the  direct  action  of  alcohols  on  tartaric 
acid. 

Amyltartarto  Aoid,  C»H>«0«  =  C»H»(C»H")0».  TaHramylic  Jcu/.— This 
acid,  discovered  by  Ba lard  (Ann.  Ch.  Phys.  [3]  xii.  309),  and  more  folly  investi- 
gated by  Breu  nlin  (Ann.  Ch.  Pharm.  zci.  314),  is  prepared  by  digesting  150  pts. 
finely-pulverised  tartaric  acid,  for  several  days  (at  about  130^),  with  88  pts.  rectified 
amylic  alcohol.  A  syrupy  liquid  is  then  formed,  which,  by  slow  cooling,  solidifies  to 
warty  masses  of  unctuous  crystals,  btying  an  intensely  bitter  taste.  Thej  melt  at  a 
gentle  heat,  and  dissolve  in  a  small  quantity  of  water,  but  a  larger  quantity  of  water 
separates  the  amyltartaric  acid  in  oily  drops.  (Breunlin.) 

The  amyltartrates,  C*H«M(C»H»»)0«  and  C*H«M''(C»H")«0»,  are  for  the  most 
part  soluble  in  water.  Most  of  them  remain  unaltered  when  their  aqueous  solutions 
are  boiled,  but  they  decompose  when  dried  at -100^. 

Amyltartrate  of  Barium,  prepared  by  saturation,  fepaiates  £rom  its  concentrated 
solution,  in  colourless,  nacreous,  crystalline  laminae,  containing  C*H*Ba''(C*H")*0*. 
2H'0,  which  become  dull  when  dried  at  a  gentle  heat,  and  are  decomposed  at  100^. 
They  dissolve  in  alcohol,  and,  on  adding  water  to  the  solution,  the  anhydrous  salt, 
C*H*Ba"(C*H")*0".  is  precipitated  in  white  amorphous  flakes.— The  caiciumsale, 
C*H»Ca"(C*H")'^0'*,  likewise  obtained  by  neutralisation,  remains,  on  evaporating  its 
solution  over  oil  of  vitriol,  as  a  friable  saline  mass,  which  dissolyes  very  readily  in 
water,  and  is  not  decomposed  at  100°. — The /fiuf-^o/^,  obtained  by  precipitating  the 
potassium-salt  with  acetate  of  lead,  appears  to  be  a  basic  salt. — The  potatsium-salt, 
obtained  by  decomposing  the  barium-salt  with  carbonate  of  potassium,  separates,  on 
evaporation  and  cooling,  as  a  white  crystalline  mass,  containing  C^H*K(C*H")0*.H*0. 
It  is  sparingly  soluble  in  cold,  easily  in  boiling  water,  and  gives  off  its  water  of  crys- 
tallisation at  100°.— The  sodium-salt,  C*H*Na(C*H")0«,  prepared  in  like  manner, 
separates,  by  evaporation  over  oil  of  vitriol,  in  soft,  nodular,  anhydrous  crystals.  The 
silver-salt,  C*H^^lLg(C*H")0*,  separates  on  cooling  from  a  hot  concentrated  solution  of 
the  potassium-salt  mixed  with  nitrate  of  silver,  in  tufts  of  needles  having  an  adaman- 
tine lustre.  (Breunlin.) 

Ztbyltartario  Aeld«  C«H»»0«  -  C*R\C^*)0:^Tartrethylie  op  Tarirovinic 
Acid,  (Marian,  Trommsd.  J.  xiii.  2,  43. — Trommsdorff,  ibid,  xxiv.  1,  11. — 
Guirin-Varry,  Ann.  Ch.  Phys.  [2]  Ixii.  67.) — When  absolute  alcohol  is  boiled  for 
some  time  with  tartaric  acid,  and  the  liquid,  after  dilution  with  water,  saturated  with 
carbonate  of  barium,  insoluble  tartrate  of  barium  is  formed,  together  with  a  solution 
of  the  ethyltartrate,  which  is  deposited  in  crystals  on  concentrating  the  liquid.  Tliis 
salt,  decomposed  with  an  equivalent  quantity  of  sulphuric  acid,  yields  ethyltartaric  acid. 

This  acid  crystallises  in  elongated  prisms,  witn  oblique  bases ;  it  is  colourless,  in- 
odorous, tastes  both  sweet  and  sour,  and  quickly  absorbs  moisture  from  the  air.  It  is 
yery  soluble  in  alcohol  and  in  ether.  Its  aqueous  solution  is  completely  decomposed, 
by  prolonged  boiling,  into  alcohol  and  tartaric  acid.  It  dissolyes  sine  and  iron,  with 
evolution  of  hydrogen. 

Ethyltartaric  acid  is  decomposed,  by  dry  distillation,  into  alcohol,  water,  acetic 
ether,  acetic  acid,  ethylene-gas,  pyrotartaric  acid,  and  other  pnxlucts. — Nitric  acid 
converts  it  into  acetic,  carbonic,  and  oxalic  acids. 

The  solution  of  ethyltartaric  acid  gives  no  precipitate  with  potash  or  soda,  in 
whateyer  proportion  the  alkali  may  be  added. — ^When  added  by  drops  to  baryta-water, 
it  forms  a  precipitate,  which  disappears,  with  the  exception  of  a  slight  turbidity,  as 
the  liquid  approaches  neutrality,  but  reappears  on  adding  an  excess  of  the  acid« 
These  characters  distinguish  ethyltartaric  acid  from  taitaric  acid.'With  limi-ioaUr^ 
it  tnwnta  ^  nrecipitatc  soluble  in  excess  of  the  acid. 
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solution  of  the  acid  in  mctbylic  alcohol  with  carbonate  of  barium,  and  crystaJlises,  by 
spontaneous  evaporation,  in  whit«  rectangular  prisms,  much  more  soluble  in  hot  than  in 
cold  water.  It  decomposes  at  about  160^,  yielding  a  syrupy  alliaceous  liquid,  contain- 
ing water,  methylic  alcohol,  methylic  acetate,  and  a  crystAllisable  substance,  which 
may  be  obtained  from  it  by  evaporation. — The  lead-salt  and  the  silver-Mlt  are  obtained 
by  precipitation. 

Acids  isoTnerie  with  Methyltartaric  Acid, 

CrTRATARTAHic  Acid,  C*H*0*.  (Carius,  Ann.  Ch.  Pharm.  czxix.  169;  Jahresb. 
1861,  p.  393.) — An  acid  produced  by  boiling  a  neutral  salt  of  chlorocitramalic  acid 
with  water  i 

C*H»K2C10»  +  H«0     »    KCl  +   C»H'KO«. 

Chlorocitrama-  CitraUrtrate* 

Ute. 

To  prepare  it,  a  solution  of  chlorocitramalate  of  barium*  is  repeatedly  evaporated  to  dry- 
ness, with  excess  of  baryta.  On  carefully  decomposing  the  resulting  barium-salt  with 
dilute  sulphuric  acid,  evaporating  the  filtrate,  and  decolorising  with  animal  charcoal, 
citratartaric  acid  is  obtained,  as  a  transparent,  amorphous,  deliquescent  mass,  which 
melts  above  100^,  and  becomes  carbonised,  with  evolution  of  acid  vapours. 

Citratartaric  acid  is  dibasic.  Its  potassium-  and  ammonium-sail ts  have  the  composi- 
tion C*H*M'0* :  the  former  crystalhses  in  needles.  The  free  acid  is  precipitated  by 
acetate  of  lead ;  the  solutions  of  the  neutral  alkali-metal  salts  form,  with  lead-  and 
silver-salts,  precipitates  which  are  soluble  both  in  the  free  acid  and  in  excess  of  the 
alkaline  salt ;  no  precipitate  with  chloride  of  barium,  calcium,  copper,  or  zinc.  Citra- 
tartaric acid  reduces  an  ammoniacal  silver-solution  at  the  boiling  heat,  and  prevents 
the  precipitation  of  ferric  oxide  by  alkalis. 

Citratariraie  of  barium  contains  C*H«Ba"0« ;  the  neutral  lead-salt,  C*H«Pb''0«  ; 
the  basic  lead-salt,  C»H«Pb''0«.Pb''0. 

Dibasic  acids  having  the  same  composition,  and  perhaps  identical  with  the  pre- 
ceding, are  produced : — o.  By  the  reduction  of  oxalic  ether  ^th  sodium-amalgam,  tho 
pasty  amalgam  being  covered  with  alcohol  of  80  per  cent.,  and  the  oxalic  ether 
gradually  added.f  This  acid,  Lowig's  glycomalicacid,  is  uncry stall isable,  but  its 
acid  barium-salt  may  be  obtained  in  crystals.  (Lowig,  Jahresb.  1862,  p.  311.) 

fi.  By  the  action  of  silver-oxide  on  dibromopyrotartaric  acid  (iv.  774) : 

C*H«Br»0*  +  Ag«0  +  H«0  -  2AgBr  +   C»H«0«. 

The  acid  thus  produced  (homotartaric  acid)  is  very  soluble  in  water,  and  the 
syrupy  solution  yields  crystals  af^er  long  standing.  Its  salts  are  almost  all  soluble  in 
water. — The  neutral  harium-saltf  C*H*Ba''0*  (at  160°),  is  insoluble  in  alcohol. 
(Kekul^,  Ann.  Ch.  Pharm.  Suppl.  i.  346;  Lehrbuch,  ii.  213.) 

y.  Tartaric  Ethers  containing  Polyatomic  Alcohol-radicles, 

These  ethers  are  formed  by  heating  tartaric  acid,  in  various  proportions,  with 
glycerin,  mannite,  dulcite,  pinite,  glucose,  &c.  Their  composition  and  properties 
have  already  been  described.  See  Ethkbs  (ii.  621,622);  Glxjcosotabtabic  Acid 
(ii.  872) ;  Gltcebotabtauic  Acids  (ii.  893). 

Native  sulphate  of  potassium,  also  called  ArkanOe  and  Glaserite. 

A  general  pharmaceutical  name  for  salts  of  tartaric  acid : — Tar- 
tarus ammoniatus  is  ammonio-potassic  tartrate. — T.  boraxattis,  or  tartarised  borax,  is 
the  gummy  salt  obtained  by  evaporating  a  mixture  of  1  pt.  borax  and  3  pts.  cream  of 
tartar  (p.  687). — T.  chalyfteatus  is  potassio-ferric  tartrate. —  T.  emeticus:  potassio- 
antimonious tartrate. —  T.{firratus or  ferruginosus)^  T.  kalico-ferricus,  and  T  martialis 
or  martial  us  f  are  various  preparations  containing  ferric  tartrate. — T.  reaeneratus: 
acetate  of  potassium. — T.  solubilis :  neutral  tartrate  of  potassium. — T,  saubilis  am- 
moniacalis:  ammonio-potassic  tartrate. —  T  stibiatus:  tartar-emetic. — T.  tartarisaius: 
neutral  tartrate  of  pot^issium. — T.  vitriolatus :  sulphate  of  potassium. — T,  vitriolatus 
acidus :  acid  sulphate  of  potassium. 

Syn.  with  Ditabtasic  Acid  (p.  691). 

Ethylic  tartramate. 


*  This  salt  it  prepared  hy  treating  a  cold  solution  of  citraconate  of  barium  with  bynochloroas  acid, 
produced  hj  passfug  chlorine  into  water  containing  mercurous  oxide  in  suspension.  (Jahrest).  1863,  p. 

t  The  reduction  of  ethylic  oxalate  by  sodittm-amalgUB,  uoder  different  conditionJ.  yieldt  ncemoi 
carbonic  or  detoxalic  acid,  C»H«0«  (p.  40).  i  #  -^ 
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C«H»(C-H«N)0«  -  2H»0     -     C»»H»NO*. 

Acid  tartrate  of  Tartranil. 

aniline. 

Boiling  water  dissolves  out  the  tartranil ;  the  brown  rraidue  dissolves  in  boiling 
alcohol ;  and  the  solution,  on  cooling,  deposits  crystals  of  tartranilide. 

Tartranilide  crystallises  in  colourless,  nacreous,  slender,  interlaced  needles,  insoluble 
in  water,  slightly  soluble  in  ether,  moderately  soluble  in  alcohol.  It  may  be  heated 
to  250^  without  decomposition,  melts  and  decomposes  at  a  higher  temperature,  but  by 
careful  heating  to  somewhat  below  its  melting-point,  it  may  be  sublimed  in  shining 
laminse.  It  is  not  altered  by  boiling  with  alkaline  solutions.  It  is  dissolved  with 
difficulty  by  hot  hydrochloric  acid,  with  partial  decomposition  by  nitric  acid,  easily 
by  sulphuric  acid. 

Syn.  with  Amtltastabic  Acid  (p.  694). 

Syn.  with  Fhentltabtbimidb  (ij\fra). 

Syn  with  PHBirTLTA.BTRAMic  Actd  (p.  697). 

Syn.  with  PHENTLTABTItAinDB  (p.  697). 

See  T^BTA.Ric  Acm  (p.  675). 
TASTRBXiXO  ACZB.    Soluble  tartaric  anhydride  (p.  691). 

Syn.  with  Ethtltabtabic  Acid  (p.  694). 


.|ot}S' 


C«H*NO'  -  (C«H'0«r>^  -  C«H'(NH«)0«(acidainmoniniii. 

M        ^ 

tartrate)  —  2H^0. — This  compound  has  not  been  obtained ;  but  phenyltart.rimide  or 
tartranil,  C'»H»NO«  -  C^H\C>H*)NO«,  is  produced,  as  above  described,  together 
with  tart-ranilide,  by  the  dehydration  of  tartrate  of  aniline.  It  may  be  purified  by 
recrystallisation  and  treatment  with  animal  charcoal,  and  separates,  on  cooling  from 
hot  solutions,  as  a  white  granular  powder,  or  in  nacreous  laminae.  It  dissolves  easily 
in  water  and  in  alcohol,  sparingly  in  ether.  It  may  be  heated  to  somewhat  above 
200^  without  deromposition  (the  granular  variety  becoming  crystalline,  and  partly 
volatilising  as  a  woolly  sublimate),  but  melts,  and  decomposes  at  230^.  It  is  tasteless, 
but  reddens  litmus-paper  distinctly.    (Arppe,  loc,  eit.) 

AOXDm    Syn.  with  Gltcbbotabtabic  Acid  (ii.  893). 

AOZB.    Syn.  with  Mbthtlta.btabic  Acm  (p.  695). 

CH*0*.  (Bessaignes,  Compt.  rend,  zzxiv.  731; 
zzxviii.  44.) — A  dibasic  acid,  produced  by  the  spontaneous  decomposition  of  nitrotar- 
taric  acid  (p.  690) ;  also,  accoiding  to  Bae  yer  (Jahresb.  1864,  p.  641),  by  the  action 
of  sodium-amalgam  on  mesoxahc  acid,  CHK)*  (iii.  932).  It  crystallises  in  rather 
large  prisms,  which  melt  at  160^,  and  decompose  with  formation  of  glycollide 
(ii.  919): 

C«H«0»     -     C*H«0«  +   C0«  +  HK). 

The  tartrouates  of  the  alkali-metals  are  soluble  in  water :  the  acid  amTnonium-salt 
crystallises  in  prisms :  the  nlversalt  contains  CH'AgH)^ — The  aqueous  add  forms 
precipitates  with  argentic,  plumbic,  and  mercnrous  Ktlts,  and  with  the  acetates  of 
oarium,  calcium,  and  copper. 

TASTROVimo  ACZD.    Syn.  with  Etbtltabtabic  Acid  (p.  694). 
TARTaxXN    C«H*0*.— The  radicle  of  tartaric  acid. 
TARTXTSiZO  £LCXDm    Syn.  with  Tabtaric  Acid. 

TA8MAWZTS.  A  fossil  resin  occurring,  in  small  scales  or  plates,  between  the 
layers  of  a  rock  containing  alumina  and  ferric  oxide,  occurring  on  the  Mersey  River  in 
Tasmania.  The  resin,  which  forms  from  30  to  40  per  cent,  of  the  entire  deposit,  is 
translucent  and  reddish-brown,  has  a  specific  gravity  of  1*18,  hardness  »  2,  and  a 
conchoidal  fracture.  It  is  not  dissolved  by  alkahs,  alcohol,  ether,  carbonic  disulphide, 
benzene,  or  other  hydrocarbons.  It  is  slowly ondised  by  nitric  acid,  with  formation  of 
snlphuric  acid ;  oil  of  vitriol  chars  it,  and  ehminates  sulphydric  acid.  By  dry  distilla- 
tion, 'A,  yields  oily  and  solid  products,  smelling  like  Canadian  petroleum.  It  bums 
readily  in  the  air,  with  a  smoky  flame  and  offensive  odour.  It  gives  by  analysis  (after 
deduction  of  8  to  12  per  cent,  ash,  consisting  of  silica,  alumina,  and  a  little  ferric 
oxide),  79'34  per  cent,  carbon,  10*41  hydrogen,  5*32  sulphur,  and  4*94  oxygen,  agreeing 
nearly  with  the  formula  C*»H«0»S.    (Church,  Phil.  Mag.  [4]  xxviii.  465.) 

TAmrvS-SULTB.  A  day-slate  occurring  in  the  Taunus  range  in  Western 
(Germany.     It  has  a  grey  to  violet  colour,  and  silky  iridescent  lustre,  and  con- 
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is  concentrated  by  evaporation :  it  then,  on  cooling,  yields  crystals  of  pnre  taurine 
(Kolbe).     The  series  of  reactions  is  represented  by  the  following  equations : — 

C2H«S0«  +   2PC1*     -     C'H<SO«a«  +   2P0C1»  +   2HC1. 
Jfetbionic  ChlorethjrU 

acid.  sulphuric 

chloride. 

C»H*S0'C1«  +   H»0     -  HCl   +    CTI»C1S0«. 

Chiorethjl-  ChloretLyl- 

sulphunc  tulphuiic 

chloride.  acid. 

C^H*C1S0«   +  NH»     -  Ha   +   CH'NSO'. 

ChlorethvU  Taurine, 

lulphunc 
acid. 

Properites. — Taurine  forms  large,  transparent,  monoclinic  crystals,  having  a 
vitreous  lustre,  and  usually  exhibiting  the  combination  odP  .  ooPoo  .  +P  .  —  P, 
like/lg.  301  (ii.  155),  also  with  oP  and  other  faces.  Axes  a:b:c  »  14648  :  I  : 
006648.  Angle  A:  c  «  86°  22';  ooP  :  ooP  (orthod.)  =  68°  32';  oP  :  ooP  « 
87°;  +P:  +P(clinod.)  «  137°  30';  -P:  ~P  (clinod.)  =  139°  44'.  The  crys- 
tals grate  between  the  teeth,  and  have  a  pungent  taste ;  they  are  neutral  to  vege- 
table colours,  and  permanent  at  100^,  but  melt  and  carbonise  at  a  higher  temperature. 
By  dry  distillation,  they  yield  a  brown  empyreumatic  oil,  together  with  a  yellow 
slightly  acid  liquid,  which  contains  an  ammoniacal  salt,  and  reddens  ferric  chloride 
(acetate  of  ammonium  ?). 

Taurine  is  more  soluble  in  hot  than  in  cold  water ;  1  pt.  dissolves  in  15'5  pts. 
water  at  12°.  It  is  nearly  insoluble  in  absolute  alcohol. — Strong  sulphuric  and  nitric 
acids  dissolve  it ;  but  it  is  not  decomposed  by  nitric  or  by  nitromuriatic  acid,  even  at 
the  boiling  heat,  or  by  dry  chlorine. — Nitrous  and  converts  it  into  isethionic  acid, 
with  evolution  of  nitrogen  (Gibbs,  Sill.  Am.  J.  [2],  xxv.  30).  Its  aqueous  solution 
is  not  precipitated  by  salts  of  copper,  mercury,  or  silver. — ^Melted  with  caustic  potash, 
it  yields  a  residue,  which,  when  treated  with  dilute  sulphuric  acid,  gives  off  sulphydric 
and  sulphurous  acids,  and  yields  a  deposit  of  sulphur.  If  evaporated  slowly  with 
caustic  potash,  it  gives  up  all  its  ammonia  at  a  certain  stage,  without  blackening  ; 
and  the  cooled  residue,  if  then  treated  with  sulphuric  acid,  gives  off  sulphurous  acid, 
without  sulphydric  acid  or  deposition  of  sulphur,  and  yields  by  distillation  a  mixture 
of  acetic  and  sulphurous  acids. 

TJimtZSCZTB.  A  variety  of  ferrous  sulphate,  found  on  the  Windgalle,  in  the 
Canton  Uri,  Switzerland ;  it  has  the  composition  of  ordinary  green  vitriol  but  forms 
orthorhombic  crystals,  like  those  of  magnesium-sulphate. 

TAVKOCBJBVOCBOZiZC  ACZB.  A  sulphuretted  acid  contained  in  goose- 
bile.  It  has  not  been  obtained  quite  pure,  but,  according  to  He  in  tz  and  Wislicenus 
(Pogg.  Ann.  cviii.  647),  it  consists  of  C^H**NSO',  differing  therefore  in  composition 
from  taurocholic  acid,  and,  when  boiled  with  baryta-water,  yields  chenocholic  acid, 
C**H**0*,  homologous  with  hyocholic  acid,  C**H*H)*.  Chenocholic  acid  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  separates  from  solution  mostly  as  an 
amorphous  mass,  rarely  in  indistinct  cr}'stals.  Its  solution  has  an  acid  reaction,  and 
gives,  with  sugar  and  sulphuric  acid,  the  blood-red  coloration  characteristic  of  tho 
biliary  acids. — Its  barium-salt,  C**H"*Ba"0*,  is  insoluble  in  water  and  in  ether,  but 
soluble  in  absolute  alcohol. — Tho  potassium-salt  dissolves  easily  in  water  and  in  alcohol, 
but  not  in  dilute  potash-ley. 

TAUKOCKO&ZC  ACZB.  C2•H«^NS0^  Choleie  Acid.  Sulphochdeie  Acid. 
(Strecker,  Ann.  Ch.  Pharm.  Ixvii.  SO;  Ixx.  169. — Lieberkiihn  and  Heintz, 
Lehrbuch  dir  Zoochnnie,  p.  367. — Hoppe,  Arch.  Path.  Anat.  xv.  126. — Cloetta  and 
Vulpian,  N.  Jahrb.  Pharm.  vii.  106.— J.  Parke,  Bull.  Soc  Chim.  1866,  ii.  242.)— 
An  acid  occurring  as  a  sodium-salt  in  the  bile  of  most  animals.  In  the  bile  of  serpents 
{Boa,  Python),  and  in  that  of  the  dog,  it  occurs  free  from  glycocholic  acid ;  in  that  of 
fishes  (Pleuronectes,  Gadus,  Esojc,  Pirca),  and  of  the  sheep,  wolf,  goat,  and  domestic 
fowl,  mixed  with  only  a  small  quantity,  and  in  that  of  the  ox,  with  a  large  quantity 
of  glycocholic  acid. 

Taurocholic  acid  may  bo  prepared  from  dog's  bile,  by  evaporating  the  decolorised 
alcoholic  extract  of  the  bile ;  digesting  the  residue  with  a  small  quantity  of  absolute 
alcohol,  and  adding  ether,  which  precipitates  the  alkaline  taurocholate  in  the  crystalline 
state  ;  mixing  the  aqueous  solution  of  this  salt  with  acetate  of  lead  and  a  little  am- 
monia ;  exhausting  the  washed  precipitate  with  boiling  alcohol ;  and  saturating  the 
hot  filtered  liquid  with  sulphydric  acid  gas.  On  evaporating  the  filtered  liquid  to  a 
small  bulk,  and  precipitating  with  excess  of  ether,  the  syrupy  precipitate  solidifies, 
after  some  time,  into  a  mass  of  fine  silky  needles  of  p>are  taurocholic  acid«  which  in 
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phenic  acids.  It  is  a  colourless  oil,  which  smells  like  castoreum,  remains  liqnid  at 
18^,  and  makes  a  white  spot  upon  the  skin.  With  an  equal  volume  of  strong 
Bulphuric  acid,  it  solidifies  to  a  dendritic  mass,  the  mother-liqour  of  which  contains 
phenylsulphuric  acid.    When  boiled  with  nitric  acid,  it  yields  a  nitro-acid. 

TAUTOC&ZWB.  Breithaupt*s  name  for  a  ferruginous  bitter  spar,  from  Freiberg, 
containing,  according  to  Ettling  (Ann.  Ch.  Pharm.  xcix.  204),  4907  per  cent.  CaCC?, 
83-28  MgCO«,  14-89  FeCO«,  and  209  MnO«  (=   99-33). 

TAVTO&ZTB.  A  mineral  allied  to  bucklandite,  but  regarded  bjBreithaupt 
as  a  distinct  species,  occurring  in  the  volcanoic  rocks  at  Lake  Laach,  near  Andemacb. 
It  is  opaque,  black,  with  vitreous  lustre,  and  crystallised  like  bucklandite :  hardness 
«  6*5  ;  specific  gravity  <-  3*865.  It  appears  to  consist  mainly  of  the  silicates  of  fer- 
mosum,  magnesium,  and  aluminium. 

TAZnr.  A  resinous  substance  obtained  from  the  leaves  of  the  yew-tree  ( Taxus 
iMccata)^  by  treatmont  with  alcohol  and  tartaric  acid,  two  pounds  of  the  leaves  vielding 
3  gmins  of  takin.  It  is  slightly  soluble  in  water,  dissolves  easily  in  alcohol,  ether,  and 
dilute  acids,  and  is  precipitated  from  the  acid  solutions  by  alkalis  in  white  bulky 
flocks.  It  is  not  precipitated  by  tannic  acid  or  tincture  of  iodine.  Strong  sulphuric 
acid  dissolves  it,  with  purple-red  colour.     (Lucas,  Arch.  Pharm.  [2],  Izzxv.  146.) 

TAVUSUr.  An  amorphous,  purgative,  bitter  substance,  contained  in  the  root  of 
Trianotperma  fic\fotia^  Mart.,  a  climbing  cucurbitaeeous  plant,  indigenous  in  Brazil. 
(Peckolt,  Arch.  Pharm.  [2],  cxiii.  104.) 

TCSA*ZiAir«    A  blue  powder,  containing  copper,  used  by  the  Chinese  for  pro- 
ducing blue  colours  on  porcelain.    (Eb  elm  en  and  Salv^tat)  Ann.  Ch.  Phys.  [3], 
r.  338.) 

VGUSZf  8  ASLBBBTa  A  kind  of  caoutchouc,  less  elastic  than  the  ordinary 
kind.  It  is  said  to  flow  from  incisions  in  the  stem  of  a  tree  cultivated  in  Kurdistan, 
and  to  harden  in  the  air  (Handw.  d.  Ckem,  viii.  526). 

TXA.  ThS.  Thee.  Folia  thea. — The  dried  leaves  of  the  tea-plant,  Tkea  sinensis. 
This  plant  is  indigenous  and  extensively  cultivated  in  China,  Japan,  and  the  northern 
parts  of  the  eastern  peninsula  of  India,  and  has  been  introduced  more  or  less  success- 
ftilly  into  British  India  on  the  southern  declivities  of  the  Himalayas,  Java,  the  Kong 
Mountains  in  Western  Africa,  Brazil,  Madeira,  and  other  countries  of  warm  and  tem- 
perate climates ;  it  appears,  indeed,  to  be  capable  of  flourishing  in  all  latitudes  between 
0®  and  40°.  It  was  formerly  supposed  that  there  were  two  species  of  the  tea-plant, 
7%ea  viridiSf  yielding  green,  and  Thea  Bohea,  yielding  black  tea ;  but  it  appears,  from 
the  recent  observations  of  Mr.  Fortune,*  that  either  green  or  black  tea  mny  be  obtained 
at  pleasure  from  the  same  plant, 

Greenteais  prepared  from  the  young  leaves,  which,  within  an  hour  or  two  after 
they  have  been  gathered,  are  roasted  in  pans  over  a  brisk  wood-fire.  After  four  or 
five  minutes'  roasting,  the  leaves  become  fiaccid,  and  are  rolled  by  the  hands  upon  a 
wooden  table ;  they  are  then  again  thrown  into  the  drying-pans,  where  they  are  kept 
in  rapid  motion,  and  in  about  an  hour,  or  an  hour  and  a  half,  are  completely  dried. 

Black  tea  is  allowed  to  lie  in  heaps  for  ten  or  twelve  hours  after  the  leaves  have 
been  gathered ;  they  are  then  tossed  about  for  some  time,  till  they  become  flaccid.  At 
this  stage  they  begin  to  emit  a  fragrant  smell ;  they  are  next  rolled  in  balls,  with  the 
hand,  upon  a  wooden  table,  and  a  large  quantity  of  liquid  is  expressed  firom  them ; 
after  which  they  arc  shaken  out>,  roast^  for  a  few  minutes,  agained  rolled,  and,  whilst 
still  flaccid,  are  exposed  to  the  air  for  some  hours  upon  shallow  bamboo  trays :  this 
alternate  heating  and  rolling  is  repeated  three  or  four  times,  and  finally,  the  leaves  are 
dried  slowly  over  charcoal  fires.  A  species  of  fermentation  appears  to  occur  during 
the  drying  of  the  leaf,  in  consequence  of  which  a  development  of  essential  oil  takes 
place,  by  which  the  agreeable  aroma  is  occasioned :  this  aroma  is  wanting  in  the  fresh 
leaf.  The  change  of  the  leaf  from  ^^reen  to  black  is  mainly  due  to  chemical  alterations 
produced  by  the  oxygen  of  the  air  upon  the  constituents  of  the  leaf,  and  especially 
upon  the  astringent  principle — ^this  change  being  prevented  in  green  tea  by  the  rapid 
process  of  drying  to  which  it  is  subjected. 

Many  kinds  of  green  tea^  intended  for  the  European  market,  are  coloured  by  dusting 
them  with  a  finely-pulverised  mixture  of  pmssian-blue  and  gypsum,  turmeric  being 
also  sometimes  added ;  but  the  Chinese  never  colour  tea  intended  for  their  own  use. 
Teas  for  the  forei^  market  are  also  frequently  perfamed  with  various  sweet-scented 
flowers — as  roses,  jasmine,  orange.  Gardenia  Jhrid€L^  OUa  fraaranSf  &c 

Tea  is  subjected  to  numerous  adulterations.    It  is  often  mixed  with  various  leaves 

***  The  Tea  DIstricCt  of  China  and  India,**  1^  R.  Fortnue  (8rd  edition,  London,  John  Murrav.  1857), 
LMOt  li.SS7. 
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(as  those  of  the  elm,  willow,  sloe,  &o.)t  dried  and  prepared  like  trne  tea-leaves ;  or  it  ia 
mixed,  during  the  colouring  process  above  mentioned,  with  graphite,  talc,  &c.  In 
some  instances,  preparations  of  copper  have  actually  been  used  to  give  a  green  colour 
to  tea  (Ounther,  J.  pr.  Chem.  x.  279. — ^Warington,Chem.  Gaz.  1852,  p.  238). — 
A  kinci  of  adulteration,  which  has  been  much  practised  in  this  country,  is  the  work- 
ing up  of  spent  tea-leaves,  which  are  prepared  in  the  Chinese  fashion,  so  as  to  resemble 
black  and  green  tea.  Sometimes  also  products  are  sent  into  the  market  as  tea,  or 
mixed  in  considerable  quantities  with  various  kinds  of  tea,  which  do  not  consist  of 
tea-leaves  at  all,  but  are  artificial  mixtures,  made  out  of  tea-dust,  sand,  and  dirt  of 
various  kinds,  united  together  with  paste.  A  substance  of  this  kind  is  prepared  in 
China,  and  called  by  the  Chinese  *' Lie-tea,**  by  the  English  "  gum  and  dust." 

Chemical  Constitution  of  Tea, — The  most  important  constituents  of  tea  are,  an 
essential  oil^  to  which  it  owes  its  peculiar  aroma ;  two  nitrogenised  bodies,  viz.,  tkeine 
or  caffeine,  and  legumin  ;  and  a  peculiar  astringent  substance,  or  tannin, 

Mulder  (Ann.  Ch.  Pharm.  xzviii.  314)  analysed  four  kinds  of  tea,  ficom  China  and 
Java.  He  found  the  proportion  of  water  in  all  of  them  nearly  the  same,  whereas 
P^ligot  (tbid,  xlvii.  358)  found  the  average  amount  of  water  equal  to  10  per  cent, 
in  green  tea,  and  8  per  cent,  in  black  : — 

Composition  of  Dried  lea.     (Mulder.) 


Chinete  Tea. 

. * . 

Crren                Black 

Java 

Green 

Tea* 

1 

Black 

(  Hjrton ). 

(Coiifo). 

(Hyson). 

(CoilKO), 

Volatile  oil 

0-79 

0.60 

0-98 

0  65 

Chlorophyll 

2-22 

1-84 

3-24 

1-28 

Wax 

0-28 

*          • 

0-32 

Resin 

2-22 

3-64 

1-64 

2-44 

Gum 

8-56 

7-28 

12-20 

1108 

Tannin 

17-80 

12-88 

17-66 

14-80 

Theine 

0-43 

0-46 

0-60 

0-66 

Extractive  matter     . 

22-80 

19-88 

21-68 

18-64 

Extractive  deposit* 

•                 •             • 

[1-48 

•         • 

1-64 

Extracted  by  hydrochlori 

cacid  23-60 

1912 

20-36 

18-24 

Albumin  (?  legumin) 

300 

2-80 

3-64 

1-28 

Woody  fibre      . 

1708 

28-82 

18-20 

27-00 

Ash 

6-56 

5-24 

4-76 

6-36 

104-34 

10404 

105-18 

10306 

The  volatile  oil  of  tea  is  obtained  either  by  distillation,  or  by  extraction  with 
ether.  It  is  lemon-yellow,  lighter  than  water,  easily  solidifies,  resinises  quickly  on 
exposure  to  the  air,  and  possesses  in  a  hieh  degree  the  smell  and  taste  of  tea.  It  has  a 
powerful  stimulating  action,  and  in  rather  l^e  quantities  produces  giddiness  and 
headache :  in  combination  with  tannin,  however,  it  produces  (according  to  Mulder) 
merely  a  diuretic  and  sudorific  action. 

The  properties  of  theine,  and  the  methods  of  extracting  it  from  tea,  have  already 
been  described  under  Caffeine  (i.  707).  The  following  are  the  proportions  of  it  in 
various  kinds  of  tea,  as  determined  by  Stenhouse  (Ann.  Ch.  Pharm.  xlv.  866; 
xlvi  227  ;  Ixxxix.  245 ;  cii.  126):— 


Green  Hyson  tea 

contains 

1-05  per 

coat,  tholne. 

Black  Congo 

If 

1-02 

n 

„     Assam 

i» 

1-37 

II 

Cheap  green  Twankay 

»» 

0-98 

If 

Cheap  black  Bohea 

f> 

0-70 

If 

Black  tea  (average)  f 

If 

200 

II 

The  same 

•1 

2-13 

ft 

Black  Kumaon  tea  (Himalayas)        „ 

1-9 

II 

P^ligot  (Ann.  Ch.  Pharm  xlvii.  361)  found  in  Hyson  tea  2*40  and  2*56  per  cent, 
theine ;  in  a  mixture  of  equal  parts  of  Gunpowder,  Hyson,  Caper,  and  Kaisow  tea,  2*70  ; 
in  Gunpowder  tea,  3-5  and  4*1  per  cent.,  and  by  a  more  complete  method  of  extraction 
6-21  per  cent.,  of  which  3-84  crystallised  out  from  the  concentrated  solution,  and  2-37 
were  obtained  from  the  mother-liquor  by  precipitation  with  tannic  acid. 

The  proportion  of  nitrogen  in  tea,  dried  at  100^,  is  (according  to  P^ligot) 
in  Pekoe  tea  6*58,  Gunpowder  6-15,  Souchong  6-15,  and  Assam  6-10  percent.  The  aqueous 

*  OxIdlMd  extractlTe  matter,  according  toWarington  (Ann.  Ch.  Pharm.  \xxx\.  333). 
f  Gram,St«haBhoote,andCampb«ll(Chem.Soc.  Qu.  J.lx.SS). 
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extract  of  100  pts.  dried  Gnnpowder  tea  yielded  4'30 ;  of  green  Soncbong,  4-70  per  cent, 
nitrogen.  The  leaves,  exhau8t€d  by  hot  water,  contained,  when  dried,  4-6  per  cent. 
{Sowshong)  and  4.40  per  cent.  ( Gunpowder)  nitrogen.  The  exhausted  leaves  contain 
casein  (legumin),  combined  with  tannin  in  the  form  of  a  compound  insoluble  in  water, 
which  may,  however,  bo  rendered  soluble  by  addition  of  alkali.  According  to  Peligot*8 
determinations — 

100  pts.  of  Gunpowder  tea  contain : 

Water    .         .         .     10K^„^.  .  ^JVolatileoil  .         .        .      05 
Extract.         .         .     47r^°**'°^°«  jTheine  ...       60 

Exhausted  leaves ,  •    j*3  „  Legumin      .         .         .12* 

100 


100  pts.  Souchong  tea  contain : 

Water    .        .        .       8>„...^  J  Volatile  oil 
Extract.         .         .     43  { ~^***°^°S  |  xheine 
Exhausted  leaves    .  _49  „  Legumin 

Too 


0-5 

60 

140 


In  the  way  in  which  tea  is  generally  used,  namely,  as  a  watery  infusion,  the  legumin 
remains  in  the  spent  leaves  which  are  thrown  away ;  but  among  the  Mongols  and  other 
tribes  of  Central  and  Northern  Asia,  tea  is  used  more  as  an  article  of  food  than  as  a  mere 
beverage.  These  people  make  use  of  a  product  called  brick-tea^  prepared  in  China  from  in- 
ferior teas,  and  from  the  stalks  and  other  refuse  of  the  better  sorts,  which  are  compressed 
into  cakes,  either  alone,  or  more  frequently  with  addition  of  sheep's  or  bullock's  blood. 
These  cakes  are  pounded  and  boiled  with  water  containing  common  salt»  carbonate  of 
potassium,  or  other  alkaline  salt  (to  dissolve  the  legumin),  and  the  whole,  mixed  with 
fat  and  flour,  is  consumed  as  a  thin  broth. 

The  tannin  of  tea-leaves  is  commonly  said  to  be  identical  with  gallotannic  acid. 
Stenhouse,  however,  regards  it  as  a  peculiar  kind  of  tannin  distinct  from  the  latter ;  he 
finds  also  that  it  is  associated  in  tea-leaves  with  a  small  qnantity-of  gallic  acid.  Ac- 
cording to  K.  Wagner  also,  all  tannins  occurring  in  healthy  vegetable  organs  are 
essentially  distinct  from  those  which,  like  gallotannic  acid,  are  found  only  in  diseased 
tissues  like  gall-nuts  (see  Tannic  Acid,  p.  660).  The  tannin  of  tea-leaves  produces  a 
blue-black  precipitate  with  iron-salts. 

The  proportion  of  ash  in  tmadulterated  commercial  tea  varies  from  4*73  to  6-5  per 
cent. ;  in  adulterated  tea  it  is  often  much  larger ;  in  some  of  the  Chinese  '*  Lie-teas," 
Warington  found  from  34  to  45-5  per  cent.  ash.  The  ash  of  tea  is  especially  distin- 
guished by  its  largo  amounts  of  iron  and  manganese.  Fleitmann  (Liebig's  Cheniische 
irirfct  4te  Aufl.  ii.  182)  found  in  an  infusion  of  70  grms.  of  Pekoe  tea,  0-104  grm. 
ferric  oxide,  and  0*20  grm.  manganous  oxide.*  Lehmann  found  in  the  ash  of  tea-infu- 
sion 0-7  per  cent,  manganic  oxide. 

The  follo\»ing  are  analyses  of  tea-ash:  a  and  b  of  "  Sottchong^*  hj  Spooner; 
c,  "  Oolong^'*  by  Tevis  :  d^  "  Young  Hyson^''  by  Hague ;  e,  "  Ifing  Young ^^  by  Homer ;  "f 
/,  dry  aqueous  extract  of  tea,  by  Lehmann  }  : — 


Ash  per  cent,  of  dry  tubtUnce. 

a. 

b. 

c. 

4. 

e. 

/. 

5*48 

641 

5  14 

694 

4-73 

l9-€9 

100  pts.  of  ash  contain : 
Na«0 
K«0. 
MgO. 
CaO  . 
Fe»0» 
Mn«0»       . 
P'O*. 
SO*  . 

SiO»  .... 
C0«  . 
NaCl 

25-46 
3-70 
9-59 

11-36 
8-42 

l'2-6'2 
10-14 
1604 

2-40 

1-70 
44-96 
8-41 
8-77 
6-80 

ll-46 
6-96 
8-79 

2-15 

4000 

12-38 

617 

7-68 

7-18 

8-26 
8-27 
7-81 

•    • 
2-25 

9.26 
33-95 
6-79 
817 
4-75 

16*64 

4-89 

10-89 

4-66 

12-88 
28-38 

8-39 
19-31 

17-44 
4-76 
559 

3-25 

503 
47-45 
6-84 
1-24 
3-29 
0-71 
9-88 
8-72 
2-31 
10-09 
3-62 

99-73 

100-00 

100-00 

10000 

10000 

99-18 

*  There  must  be  lome  error  in  these  numbers. 

*  The  analyses  a— e  were  made  under  Horsford*!  directfcm  (Sill.  An.  J.  [t],  xi.  S49).    The  enormbut 

itlons  in  the  proportiona  of  potash  and  soda  are  prolwbly  due  to  defeckire  analysis. 
isMg's  Chemisckc  Brit^.AUi  Aufl.  ii.  18S. 
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TEETH. 


Comparative  Analyses  of  Teeth  and  parts  of  Teeth  of  various  Animals,    (Von  Bi bra,) 


Enamel : 

Woman,  molar  .  .  (27)* 

Man,  molar  .  .  (28) 

Wolf,  molar  .  .  (21) 

Fox,  molar  .  •  (21) 

Lion,  canine  .  .  (25) 

Bear,  canine  .  .  (26) 

Soal,  canine  .  .  (17) 

Horse,  molar  •  (H) 

Ox,  incisor  .  •  (6) 

Dentine : 

Woman,  molar  .  .  (27) 

Man,  molar  .  .  (28) 

Wolf,  molar  .  .  (2n 

Fox,  molar  .  •  (24) 

Lion,  canine  .  .  (25) 

Bear,  canine  .  .  (26) 

Seal,  canine  .  •  (17) 
Elephant  (Indian),  tu8k(  14) 

(16) 

Dolphin     .  .  (16) 

Boar,  task.  •  (13) 

Horse,  molar  .  .  (10) 

Ox,  incisor  .  .  (6) 

Goat,  incisor  .  .  (3) 

Stag,  molar  .  .  (2) 

Crocodile  .  .  .  (29) 

Crusta  Petrosa : 

Dolphin     .  .  .  (16) 

Ox,  incisor  .  .  (6) 
Crocodile  . 

Whole  teeth: 

Saw-fish    .  .  .  (30) 

Pike.        .  .  .  (31) 

Black  fish  .  .  (32) 

Plaice        .  .  .  (33) 


I'hos. 
(ihNte  of 
calcium 

and 
I  fluoride 
of  c<<l* 
dum. 


81-63 
89-82 
87-82 
88-24 
83-33 
84-38 
85-60 
89-01 
83-77 

67-64 
66-72 
68-81 
71-84 
6003 
64-88 
68-46 
38-48 
4648 
66-37 
60-00 
61-28 
58*38 
63-04 
63-51 
6347 

69*42 
58-00 
53-39 

61-99 
63-98 
59-94 
57-20 


Cnrbn. 

nattf  of 

calcium. 


Phot. 
pUtktu  of 
roagne- 
fttum. 


SalU. 


8-88 

2-55 

4-37 

1-34 

1-21 

1-10 

1-72 

1-20 

2*94 

3-70 

2-20 

601 

1-94 

1-00 

1-19 

1-95 

7-00 

1-32 

7-97 

2-49 

3-36 

108 

1-04 

•97 

•90 

-99 

3.00 

4-21 

134 

6-40 

109 

-97 

6*63 

12-01 

386 

7-84 

184 

1-36 

2-51 

6-43 

6-08 

1-75 

7-89 

•97 

2-83 

1-70 

3-99 

3-72 

6-33 

10-75 

1-79 

1-47 

722 

•99 

6-29 

9-99 

3-64 

1-70 

2-54 

•73 

901 

2-00 

134 

•88 

97 
88 
83 
75 
64 
77 
63 
60 
61 


100 
.83 
•80 
•78 

•77 
-80 
•78 
•70 
•77 
•99 
•43 
•74 
•76 
•93 
68 
1-36 

•93 

•78 

142 

1-81 
•97 

1-77 
1-82 


Total 
inoricA- 

nic 
matter. 


9403 
96-41 
90-96 
91-91 
90-61 
93-36 
8917 
92-75 
92-70 

79-00 

71-99 

71-62 

7461 

6801 

7842 

71-80 

6682 

68-96 

7066 

69-87 

69-85 

67-44 

6860 

71-80 

71-91 

73-61 
66-94 
7109 

69-14 
68-22 
72-72 
61-24 


Fat. 


trace 
•20 


ToUl 
organic 
m^ter. 


•19 
•07 

•68 

•40 

•73 

•40 

•42 

•82 

•43 

•24 

•34 

•82 

•13 

•38 

•52 

•60 

•80 

-77 

•66 

•95 

•76 

133 

1-18 

243 

•09 


6-97 
3-59 
9-04 
809 
9-39 
664 
10-83 
7-26 
7-30 

2100 
28^01 
28-38 
26-49 
31-99 
26-58 
28-70 
43-18 
41  05 
29-44 
30-63 
30- 15 
32*56 
31-50 
28-20 
28-09 

26-39 
33-06 
28-91 

30-86 

31-78 
27-28 
38-76 


*  The  figuref  io  parentheses  are  Von  Bfbra*t  nnmbert. 


Fossil  teeth  : 

Rhinoceros  Tichorhinus : 
Upper  molar : 
Enamel     . 
Dentine     . 
Elephas  primigenius,  molar. 


*> 


It 


Cave  Bear,  molar 
Fish,  acrodvs 
Fish  from  chalk 


tt 


Phos- 
phate of 
calcium. 


Fluo- 
ride of 
calcium. 


83-11 
64-66 
62*83 
68-43 
6403 


4^14 
3-09 
415 
3-72 
2-61 
9001 
85-01 


Carbo- 

nate  of 

calcium. 


7-66 

12-80 

14-99 

15-46 

1-46 

1-80 

911 


Sul- 
phate of 
calcium. 


•96 


Phos- 
phate 

of  mag. 

ueslum. 


•73 

•80 

211 

1-34 

8-25 

•52 

•45 


Silica, 
iron, 
alu- 
mina, 
chioridn 
of  calci- 
um, &c. 


nic  sub- 
stance. 


•24 

317 

6-63 

2303 

•32 

1560 

1-91 

9-14 

•30 

234.5 

5-50 

2-17 

14-89 

•64 

(Loss) 

708 


TELLURIDE&— T  ELLURITES. 


SchoiiUKAti  in  Hungary. 

Pilten  in 
Hungary. 

Braiil. 

Wehrle. 

Berzeliut. 

Hriischauer. 

Wehrle. 

Damour. 

Bismuth       • 
Tellurium    . 
Sulphur 
Selenium     • 

600 

34-6 

4-8 

•     • 

58-3 

360 

4-3 

•         • 

69-2 

35-8 

4-6 

•          • 

611 

29-7 

2-3 

•     • 

791 
15-9 
31  ( 
1-6$ 

78-4 
15*6 

4-6 

99-4 

98-6 

99-6 

931 

99-6        985 

The  great  variations  in  the  proportion  of  tellurium  to  bismuth,  and  the  fact  that  the 
crystalline  forms  of  the  mineral  and  its  two  constituents  belong  to  the  same  system 
(bismuth,  rhombohedral ;  tellurium,  hexagonal),  lead  to  the  conclusion  that  it  is  not  a 
definite  compound,  but  an  isomorphous  mixture  of  tellurium  and  bismuth.  It  must 
be  observed,  however,  that  many  of  the  analyses — namely,  these  by  Genth  of  the 
specimens  from  Virginia  and  Georgia,  which  contain  no  sulphur  and  little  or  no 
selenium — agree  nearly  with  the  formula  Bi^Te'  (requiring  59-9  per  cent,  bismuth,  and 
48*1  tellurium) ;  and  that  those  by  Berzelius,  Wehrle,  and  Hruschsuer  may  be  repre- 
sented approximately  by  Bi*Te*S. 

Tellmide  of  Ck>ld  and  SUwer.    See  STLVAinTB  (p.  647). 

Tellnrlde  of  Bj-drofron.    See  Htdboobn,  Tklluridb  of  (iii.  204). 

ToUnride  of  &oad,  FbTe.  AJtaiU,  Cubic  7W/un«m.— This  mineral 
occurs  in  the  mine  of  Savodinskoi,  near  Bamaoul  in  the  Altai,  amaUy  massive,  with 
cubic  cleavage,  rarely  in  cubic  crystals.  It  has  a  metallic  lustra  and  tm-white  colour, 
like  that  of  native  antimony.  Hardness  »  3  to  3*5.  Specific  gravity  »  8*159. 
Sectile.  Before  the  blowpipe  it  volatilises  in  the  reducing  flame,  leaving  only  a  minute 
bead  of  silver,  and  colours  the  flame  blue.  It  is  soluble  in  nitric  acid.  It  contains 
88*37  per  cent,  tc'llurium,  60*35  lead,  and  1*28  silver  (G.  Rose,  Pogg.  Ann.  xviii.  68), 
and  is  therefore  PbTe  (38*3  tellurium,  and  61 '7  lead),  mixed  with  a  small  quantity  of 
silver-telluride. 

TeUmido  of  Sllwar,  Ag'Te.    HeAsite,    PeUite.    Bitefluret  of  Silver. — Occurs  in 
the  Savodinskoi  mine  in  the  Altai,  at  Nagyag  in  Transylvania,  and  at  Retzbanya  in 
Hungary,  in  ooarse-erained  masses  and  granular,  with  metallic  lustre,  lead-grey  or 
steel-grey  colour,  and  slightly  malleable.     Hardness  =  2  to  3*5.    Specific  gravity  » 
8*3  to  8*9.    Before  the  blowpipe  on  charcoal,  it  melts  to  a  black  globule,  which  on 
cooling,  after  being  subjected  to  the  action  of  the  reducing  flame,  exhibits  points  or 
dendrites  of  silver  on  its  surface.     Heated  in  a  tube,  it  melts,  and  colours  the  glass 
yellow.     Fused  with  carbonate  of  sodium,  it  yields  a  globule  of  pure  silver. 
.  Analyses: — a,  b.    From  the  Savodinskoi  mine  (G.  Hose,  Pogg.  Ann.  xviii.  64). — 
c.  From  Nagyag  (Petz,  ^tid,  Ivii.  470).— if,  e.  From  Betzbanya  (Rammelsberg, 
Mineral chemie^  p.  15) :  d.  massive  ;  €.  granular  with  green  coating;  after  deduction  of 
15*25  per  cent,  insoluble  matter: 

36*96  86-'89  37-76  .       .  Ss'o 

62*42  62*32  61*55  60*28  64*5 

0-69 
0*50 


Tellurium 
Silver  . 
Gold    . 
Iron     . 


0*24 
99*62 


99*71 


10000 


97-5 


The  formula  AgTe  requires  37*27  per  cent,  tellurium,  and  62*73  silver. 

Tellnrides,  Organic  See  Amtl,  Ethtl,  Methyl,  Tslluridbs  of  (i.  206; 
li.  550  ;  iii.  992). 

The  alcoholic  tellurides  obtained  byWohler  have  the  composition  RH'e.— Cahoura 
has  lately  shown  (Compt.  rend.  Ix.  20,  1147  ;  Jahresb.  1865.  p.  447),  that  telluride  of 
methyl  unites  directly  with  iodidt^  of  methyl,  forming  a  crystalline  compound,  (CH*)'TeI, 
sparingly  soluble  in  water,  easily  soluble  in  alcohol.  This  iodide,  treat'^d  with  oxide  of 
pilver,  yields  an  alkaline  product,  which,  when  neutralised  with  hydrochloric  acid,  forms 
platinic  chloride,  an  orange-coloured  double  salt,  2(CH*)*TeCl:Pt'^Cl^. 

Telluride  of  ethyl  unites  in  like  manner  with  iodide  of  ethyl,  forming  the  compound 
(C'H^)*TeI ;  and  corresponding  compounds  are  formed  by  the  sulphides  and  selenides 
of  ethyl  and  methyl  witn  the  iodides  of  those  radicles. 

See  Tbllubiux,  Oxidbs  aiid  Oxtobn-acids  of. 
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With  hfdrogen^  it  forms  a  gaseous  compouDcl,  HTe,  analogous  to  sulphjdric  and 
selenhydric  acids.  It  unites  also  with  the  alcohol'Tadicles^  methyl,  ethyl,  and  amy!, 
forming  ccmpouncU  represented  by  the  general  formula  KH'e,  which  are  diatomic 
radicles,  analop:ou8  to  t.ie  selenides  of  the  alcohol  •radicles. — With  chlorine  it  forms  a 
tetrachloride,  TeCl\  analogous  to  SeCl*,  and  a  dichloride,  TeCl^to  which  there 
does  not  appear  to  be  any  definite  analogue  among  the  sulphur-  and  selenium-com- 
pounds (pp.  223.  533) ;  and  similar  compounds  with  hromine  and  iodine.  The  inorganic 
compounds  of  tellurium  hare  been  studied  chiefly  by  Berzelius ;  the  organic  compoonda 
by  Wohler. 

TSXiXiXrsZTTar,  AZAOTS  or.    8ee  Tellvbidfs  (p.  707). 

TSZATTSZUBf,  BAOBCZBBS  07.  The  dibromide,  TeBr*,  is  produced  by 
distilling  tlio  tetrubromide  with  finely  pulverised  tellurium,  and  passes  over  as  a 
violet  vapour,  which  condenses  to  slenaer  black  needle-shaped  crystals.  It  melts 
eaisily,  and  is  decomposed  by  water  with  formation  of  tellurous  acid,     (Berzelius.) 

The  tetrabromide,  TeBr',  may  be  prepared  by  adding  finely  divided  tellurium, 
with  frequent  agitation,  to  bromine  contained  in  a  tube  cooled  with  ice,  and  distilling 
off  the  excess  of  bromine  after  all  the  tellurium  is  dissolved  (Berzelius).  According 
to  V.  Ilauer  (J.  pr.  Chem.  Ixxiii.  98),  it  is  more  easily  prepared  by  covering  small 
pieces  of  tellurium  with  hydrobromic  acid  in  a  flask,  then  adding  bromine,  and  leaving 
tiie  fljisk  closed  till  all  the  bromine  has  disappeared,  the  action  being  assisted  by 
shaking  the  flask  from  time  to  time.  The  niby-coloured  solution  thus  obtained  yields 
the  dry  compound  by  evaporation  over  the  water-bath. 

Tetrabromide  of  tellurium  forms  a  compact  red-yellow  mass,  which  melts  at  a  gentle 
heat  to  a  dark-red  transparent  liquid,  and  solidifies  in  the  crystalline  form  on  cooling. 
It  may  be  sublimed  without  decomposition  in  pale-yellow  needles.  It  dissolves  without 
alteration  in  a  small  quantity  of  water,  forming  a  yellow  solution,  which  becomes 
colourless  on  dilution,  the  tetrabromide  l^eing  thereby  resolved  into  hydrobromic  and 
tellurous  acids.  The  yellow  solution  evaporated  over  the  water-bath  deposits  the 
hydratod  tetrabromide  in  ruby-coloured  crystals. 

Tetrabromide  of  tellurium  forms  cinnabar-red  compounds  with  the  bromides  of  tho 
alkali- metals. — The  potassium-salt^  2KBr.TeBr*.3H'0,  was  first  obtained  by  Berzelius, 
by  evaporating  a  mixed  solution  of  the  component  salts.  According  to  v.  H  auer,  it  is 
better  prepared  by  mixing  1  at.  finely  pulverised  tellurium  with  2  at.  bromide  of 
potassium  in  a  flask,  and  adding  water  till  tho  bromide  is  completely  dissolved ;  then 
adding  bromine  by  small  portions,  with  frequent  agitation,  and  leaving  the  flask 
closed  till  all  the  bromine  has  disappeared.  On  warming  the  resulting  dark-red  solu- 
tion, to  expel  tho  excess  of  bromine,  decanting  it  from  a  yellowish  deposit  which 
forms,  and  Icavinp:  it  to  cool,  the  double  salt  separates  in  dark-red,  opaque,  shining 
crystals,  which  ctfloresce  superficially  in  dry  air.  It  is  slightly  soluble  in  cold,  easily 
in  hot  water.  When  heated,  it  gives  off  its  water  of  crystallisation  without  melting. 
The  anhydrous  salt,  which  is  orange-yellow,  decomposes  at  a  higher  temperature, 
giving  off  tetrabromide  of  tellurium. 

TS&ZiTntZUBK,  CB&OSZBB8  Or.  The  dichloride,  TeCl',  is  formed  by 
distilling  a  mixture  of  equal  parta  of  finely  divided  tellurium  and  the  tetrachloride 
(Berzelius),  or  by  passing  chlorine  slowly  over  strongly  hejitod  tellurium,  or  native 
telluride  of  silver.  It  may  be  freed  from  admixed  tetrachloride  by  fractional  distilla- 
tion (H.  Rose).  It  is  a  black  amorphous  mass,  having  an  earthy  fracture;  melts 
easily  to  a  black  liquid,  and  is  much  more  volatile  than  the  tetrachloride.  Its  yapour 
is  purple  when  mixed  with  air;  yellow  when  pure.  When  exposed  to  the  air,  it 
absorbs  moisture,  but  does  not  fume.  When  mixed  with  water,  it  becomes  milky 
from  formation  of  tellurous  acid.  Hydrochloric  acid  decomposes  it,  separ.iting  half 
tho  tellurium  in  the  metallic  state,  and  dissolving  the  other  half  as  tellurous  acid.  The 
dichloride  may  be  fused  in  all  proportions  with  metallic  tellurium,  or  with  the  tetra- 
chloride. 

Tetrachloride  of  Tellurium^  TeCl*,  is  obtained  by  gently  heating  tellurium  in  a 
stream  of  chlorine-gas,  till  a  dark-yellow  liquid  is  produced.  This  liquid  turns  yellow 
on  cooling,  and  crystallises  to  a  white  mass  at  the  moment  of  solidiflcatiun.  The 
t4ftrachloride  melts  easily  to  a  yellow  liquid,  turning  red  near  its  boiling  point :  it  is 
not  very  volatile,  but  forms  a  dark-yellow  vapour  when  strongly  heated.  It  is  very 
deliquescent,  and  is  decomposed  by  cold  water,  with  separation  of  a  basic  salt  and 
tellurous  acid.  Boiling  water  dissolves  it,  the  solution  on  cooling  depositing  crystals 
of  tellurous  acid.     Dilute  hydrochloric  acid  dissolves  it  without  alteration. 

By  mixing  a  solution  of  the  tetrachloride  with  chloride  of  ammonium  or  chloride  of 
potassium^  double  Wilts  are  formed,  which  crystiillise  in  lemon-yellow  oclahedrons. — A 
xuimrwmnd  of  the  tetrachloride  with  chloride  of  aluminium,  2AlCl*.TeCl*,  is  obtaineil, 
to  R.  Weber  (J.  pr.  Chem.  Ixxvi.  313),  by  melting  the  two  chlorides  to- 
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Belenium  by  its  reaction  with  solution  of  potassiuTn^anide,  which  dissolves  seleniom 
but  not  tellurium  ;  further  by  its  behayiour  before  the  blowpipe  (p.  711);  and  lastly, 
by  dissolving  the  precipitate  in  nitric  acid,  nitromuriatic  acid,  or  a  mixture  of  hydro- 
chloric acid  and  potassium-chlorate,  neutralising  the  solution,  after  complete  oxidation, 
with  carbonate  of  sodium,  evaporating  to  dryness,  fusing  the  residue  at  a  moderate 
heat  with  nitre,  dissolving  the  product  in  water,  acidulating  with  nitric  acid,  and 
adding  chloride  of  barium.  Selenate  of  barium  is  then  precipitated,  whereas  tellurate 
of  barium  remains  in  solution. 

d.  Estimation  and  Sep  arat  ion. — Tellurium  is  mostly  estimated  in  the  metallic 
state.  If  it  is  present  in  solution  in  the  form  of  tellurous  acid,  as  is  always  the  case 
when  tellurium-ores  are  treated  with  nitric  acid,  it  is  best  precipitated  by  gulpkurouM 
acid  or  an  alkaline  sulphite.  The  tellurium  thereby  separated  is  collected  on  a 
weighed  filter,  carefully  dried  at  a  gentle  heat,  and  weighed.  If  the  tellurous  acid  is 
combined  with  bases  in  such  proportion  that  the  solution  does  not  exhibit  an  acid 
reaction,  it  must  be  mixed  with  hydrochloric  acid  in  sufficient  quantity  to  redissolve 
the  precipitate  of  tellurous  acid  formed  at  first.  It  is  best  also  to  concentrate  the 
liquid  as  much  as  possible  before  adding  the  reducing  agent,  as  the  teUurium  is  then 
separated  more  quickly  and  completely  than  from  a  more  dilute  solution.  The  solu- 
tion thus  prepared  is  to  be  heated  in  a  flask,  but  not  to  the  boiling-point,  and  the 
solution  of  alkaline  sulphite  gradually  added :  the  tellurium  is  then  precipitated  as  a 
black  bulky  powder.  Nitric  acid,  if  present,  may  vitiate  the  result  by  reoxidiaing  part 
of  the  reduced  tellurium :  it  should  therefore  be  previously  removed  by  warming  the 
liquid  with  hydrochloric  acid.  If  the  tellurium  is  present  as  telluric  acid,  the  latter 
must  first  be  reduced  to  tellurious  acid  by  heating  the  solution  with  hydrodiloric  acid 
as  long  as  chlorine  continues  to  escape. 

The  method  of  reduction  by  sulphurous  acid  or  alktiline  sulphites,  serves  to  separate 
tellurium  from  the  tellurites  and  tellurates  of  the  alkali-metals,  and  of  other  metals 
which  are  not  precipitated  by  sulphydric  acid.  If  the  quantity  of  alkali-metal  is 
to  be  likewise  estimated,  the  reduction  must  of  course  be  effected  by  sulphite  of  am- 
monium or  free  sulphurous  acid ;  in  the  latter  case,  the  solution  must  be  digested  for 
some  days  with  excess  of  aqueous  sulphurous  acid,  in  a  closed  vessel  placed  in  a  warm 
situation.  The  separation  of  tellurium  from  the  tellurites  and  teUuratee  of  these 
mebils  may  also  be  effected  by  precipitation  with  sulphydric  acid.  As  the  precipitated 
tellurium-sulphide  is  generally  mixed  with  free  sulphur,  it  must  be  digested,  while  still 
moist,  with  nitromuriatic  acid,  or  better,  with  nydrochloric  acid  and  potassium- 
chlonite,  and  the  tellurium  precipitated  from  the  filtered  solution  by  an  alkaline 
sulphite,  as  above.  Telluric  acid  must  first  be  reduced  to  tellurous  acid  by  heating 
witn  hydrochloric  acid. 

From  the  tellurites  and  tellurates  of  metals  which  are  precipitated  by  sulphydric 
acid,  and  form  sulphides  insoluble  in  sulphide  of  ammouium,  tellurium  may  be  sepa- 
rated by  supersaturating  the  solution  with  ammonia,  and  digesting  it  at  a  very  gentle  hoat 
with  excess  of  ammonium-sulphide.  The  sulphide  of  tellurium  then  remains  dissolvtd, 
and  may  be  precipitated  from  the  filtered  solution  by  acetic  or  very  dilute  hydrochloric 
acid,  oxidised  as  above  with  nitromuriatic  acid,  &c.,  and  the  tellurium  precipitat^l  by 
an  alkaline  sulphite.  The  same  method  may  be  used  for  separating  tellurium  from 
iron,  cobalt,  nickel,  zinc,  and  manganese.  It  is,  however,  not  so  advantageous  in  any 
case  as  the  precipitation  with  alkaline  sulphites,  because  it  is  difficult  to  ensure  the 
complete  solution  of  the  tellurium-sulphide  in  sulphide  of  ammonium. 

From  all  metals  which  form  non-volatile  chlorides,  tellurium  may  be  separated  by 
igniting  the  compound  in  a  stream  of  chlorine,  whereby  it  is  volatilised  as  dichloride 
or  tetrachloride,  according  to  the  rapidity  of  the  stream  of  gas.  The  volatilised 
chloride  is  passed  into  water  acidulated  with  hydrochloric  aci^  in  which  the  tetra- 
chloride of  tellurium  diasolves  completely,  the  dichloride  with  separation  of  tellurium. 
The  tellurium  is  then  reduced  from  the  solution  by  an  alkaline  sulphite. 

Another  method  of  separation,  applicable  in  most  cases,  is  to  fuse  the  compound 
with  3  pts.  dry  sodium-carbonate  and  3  pts.  sulphur  in  a  covered  crucible,  and  digest 
the  mass  when  cold  with  water.  The  metals  combined  with  the  tellurium  then 
remain  as  insoluble  sulphides,  while  the  tellurium  dissolves  as  sulphotellurite  of 
sodium.  From  this  solution  the  tellurium-sulphide  may  be  precipitated  by  a  dilute 
acid,  and  treated  as  abpve  for  the  determination  of  the  tellurium. 

From  antimony,  arsenic,  and  tin,  tellurium  may  be  separated  by  precipitation 
with  alkaline  sulphites. 

From  selenium  and  sulphur  it  is  separated  by  fusion  with  potassium-cyanide,  in 
the  manner  already  described  under  Selenium  (p.  226). 

4.  Atomic  Weight  of  Tellurium. — Berzelius  (Pogg.  Ann.  xxviii.  392)  deter- 
miaed  the  atomic  weight  of  tellurium  by  ai»certiuning  Uie  incre«use  of  weight  of  the 
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nitric  acid  solation,  \Fhieh,  as  already  obsenred,  deposits  telluric  oxide.  They  do  not, 
however,  yield  definite  stilts  on  evaporation,  excepting  the  phosphoric  acid  solution, 
which  deposits  a  white  powder,  and  the  oxalic  acid  solution,  which  deposits  crystalline 
giuins,  soluble  without  decomposition  in  water. — A  sulphate  of  tellurium^  (Te^'SK)*), 
is  formed  by  gently  heating  finely  pulverised  tellurium  with  oil  of  vitriol.  (See  Sul- 
phates, p.  614.) 

The  solution  of  tellurous  hydrate  in  hvdrochloric  acid  is  decomposed  by  water,  if  not 
very  strongly  acid,  depositing  tellurous  hydrate. — Alkalis  and  alkaline  car/Hmates  also 
form  a  white  precipitate  of  tellurous  hydrate,  soluble  in  excess  of  the  alkaline  reagent. 
.^Chloride  of  barium  forms  a  white  precipititc,  insoluble  in  ammonia. — The  reactions 
with  sulphydric  acid^  stdphiJe  of  ammonium^  sulphurous  acid,  alkaline  sulphites^ 
stannous  chloride^  and  zinc^  have  been  already  described ;  also  the  blowpipe-reactions 
of  tellurous  oxide  (p.  711). 

Tellurites. — Tellurous  acid  forms,  with  the  alkali-nwtalSf  neutral  and  acid  salts 
analogous  to  the  sulphites  and  selenites ;  also  hyperacid  salts ;  viz. : 

Neutral  Tellurites,  M«TeO»  =  M'^O.TeO'. 

Acid  „  MHTeO«,  or  M'*O.H«0.2TeO«. 

Hyperacid     „  ^H^TeO*!'  ^'  M«0.3n«0.4TeO«. 

There  are  also  nnhydrons  ditellurites  of  alkali-metal,  such  as  K'0.2TeO*,  or  KHi'eO'. 
TeO*. — With  the  alkaline  carth-metaU,  tellurous  acid  forms  anhydrous  mono-, 
di-,  and  tetra-tollurites,  represented  by  the  formulae,  M"O.TeO*,  M''0.2TcO«,  and 
M''0.4TeO*. — With  the  heavy  metals  it  appears  to  form  only  neutral  salts. 

The  tellurites  of  alkali-metal  are  formed  by  direct  combination,  either  in  the  dry  or 
in  the  wet  way  ;  the  r.  st  either  by  fusing  tellurous  oxide  with  the  respective  bases,  or 
by  precipitation.  The  neutral  and  acid  teUurites  of  alkali-metal  are  soluble  in  water;  tho 
tellurites  of  the  alkaline  carth-metals  are  slightly  soluble;  and  those  of  the  earth-metiilM 
and  heavy  metals  are  insoluble.  Most  tellurites  are  soluble  in  hydrochloric  acid. 
The  solutions  are  yellow,  and  do  no  not  give  oflf  chlorine  when  heated,  a  character  by 
which  the  tellurites  are  distinguised  from  tho  tellurates.  If  the  quantity  of  hydro- 
chloric acid  present  in  these  solutions  is  not  very  great,  they  deposit  tellurous  acid  on 
dilution  with  water;  this  precipitation  is,  however,  prevented  by  the  presence  of  tar- 
taric acid.  Tellurites  are  mostly  fusible,  and  solidify  to  a  crystalline  mass  on  cooling  ; 
the  hyperacid  tellurites  of  alkali-metal  form  colourless  glasses  after  fusion.  Most 
tellurites,  when  ignited  with  charcoal  and  potash,  yield  tellurite  of  potassium,  which 
dissolves  with  portwine-colour  in  water. 

Tellurite  of  Aluminium  is  a  white  flocculent  precipitate. 

Tellurite  of  Ammonium. — A  solution  of  tellurous  acid  in  ammonia  gives  off 
ammonia  by  evaporation,  even  at  a  very  gentle  heat,  and  yields  a  precipitate  of 
tellurous  acid. — According  to  Fliickiger  (Jahresb.  1862,  p.  173),  tellurite  of  ammo- 
nium is  produced  by  heating  tellurium  with  aqueous  ammonia  in  sealed  tubes.—  The 
hifpiracid  salt,  (NH*)-0.4TeO«.4n'0.  or  (NH*)HTeO».H«TeO».3jH«0,  is  formed  by 
dissolving  tellurous  acid  or  tetrachloride  of  tellurium  in  warm  aqueous  ammonia,  and 
separates,  on  adding  a  little  sal-ammoniac  to  the  cooled  solution,  as  a  heavy  white 
granular  precipitate ;  a  further  quantity  may  be  precipitated  from  the  filtrate  by  alcohol. 
It  is  resolved  by  heat  into  ammonia,  water,  and  tellurous  oxide.     (Berzelius.) 

Tellurites  of  Barium.—The  neutral  <a/^  Ba'TeO*  -  Ba"O.TeO*,  is  produced 
by  fusing  1  at.  tellurous  oxide  with  1  at.  barium-carbonate,  and  solidifies,  on  cooling, 
to  a  colouriess  crystalline  mass  ;  by  double  decomposition  it  is  obtained  as  a  white, 
bulky,  flocculent  precipitate.  It  is  sparingly  soluble  in  water,  the  solution  when 
exposed  to  the  air  depositing  carbonate  and  tetratellurite  of  barium. 

The  trtratellurite,BA"OA'VeO^  =  Ba'TeO».3TeO«,  prepared  by  fusing  4  at.  tellurous 
oxide  with  1  at.  barium-carbonate,  solidifies  to  a  transparent  colourless  glass.  1%  is 
also  produced  by  mixing  the  aqueous  solution  of  the  neutral  salt  with  very  dilute 
nitric  acid,  and  then  separates  in  bulky  flakes. 

Tellurite  of  Cadmium'iB  a  white  gelatinous  precipitate,  which  dries  up  to  abrittlo 
mass,  having  a  conchoidal  fracture.  It  dissolves  in  hydrochloric  and  in  nitric  acid. 
Ammonia  added  to  these  solutions,  throws  down  cadmium-oxide ;  sulphydric  acid  and 
sulphide  of  ammonium  produce  in  the  cold  a  brown-red  precipitate  of  cadmium-Bul> 
photellurite.     (Oppenheim.) 

Tellurites  of  Calciu  m. — The  neutral  salt,  CaTeO*,  produced  by  heating  1  at.  tellu- 
rous oxide  with  1  at.  lime,  forms  a  white  mass,  which  remains  solid  at  the  melting- 
point  of  silver.  By  precipitation,  it  is  obtained  in  white  flocks,  slightly  soluble 
in  cold,  more  soluble  in  hot  water.— The  diteUurite,  Ca''0.2TeO'  =  Ca'Te0'.T«»O», 
melt**  only.st  a  white  heat,  and  solidifies  on  cooling  to  an  opaque  mass,  <rousisting 


716      TELLURIUM:  OXIDES  AND  OXYGEN-ACroS. 

obtained  by  fusion,  like  the  corresponding  potassiara-salt,  tnelts  easilj,  and  cryt- 
tallises  on  cooling.  It  is  decomposed  by  water,  like  the  potassium-salt. — The  tetro' 
tellurite  or  ht^peracid salt,  Na»0.4TeO«.5H«0,  or  NaHTeOMlTeO«.H«0,  separates  from 
the  boiling  solution  of  the  preceding  salt,  by  slow  cooling,  in  nacreous  scales  and  thin 
six-sided  tables ;  in  other  respects  it  resembles  the  hyperacid  potassium-salt. 
(Berzelius.) 

Tellurite  of  Strontium  (neutral)  is  prepared  like  the  barium-salt,  which  it 
resembles. 

The  Tellurites  of  Thorinum,  F^^r turn, and  Ztrcoiitfim are whitepredpitates. 

Tellurite  of  Uranium,  obtained  by  precipitation  with  a  uranic  salt,  is  a  pale 
lemon-yellow  powder. 

Tellurite  of  Zinc  is  K  white  flooculent  precipitat& 

Tellurlo  Oxide*  TeO'.— This  oxide  is  obtained  by  heating  the  hydrate  to  a 
temperature  beluw  redness.  It  forms  an  orange-yellow  mass,  insoluble  in  water, 
either  hot  or  cold,  in  cold  hydrochloric  and  hot  nitnc  acid,  and  in  solutions  of  caustic 
alkali.  When  strongly  heated,  it  gives  off  oxygen,  and  leaves  tellurous  oxide  as  a 
white  earthy  powder. 

Telluric  Acid,  H'TeO*  «  H  O.TeO'.— The  potassium-salt  of  this  acid  is 
obtained  by  fusing  tellurium  or  tellurous  oxide  with  nitrate  of  potassium.  The 
solution  of  this  salt  decomposed  by  a  salt  of  barium,  yields  a  precipitate  of  barium- 
tellurate,  from  which,  by  decomposition  with  sulphuric  acid,  telluric  acid  may  be  set 
firee. 

Telluric  acid  crystallises  from  its  solution,  in  fine  hexagonal  hydrnted  prisms, 
containing  H'TeO*.2H'0,  mostly  forming  twins.  This  hydrate  has  a  metallic  rather 
than  an  acid  taste,  and  reddens  litmus  slightly.  It  dissolves  slowly,  but  to  a  con- 
siderable arcount  in  cold  water,  freely  in  boiling  water.  It  loses  its  water  of  crystal- 
lisation at  a  liltle  above  100°.  The  remaining  acid,  H'TeO*,  is  nearir  insoluble  in 
cold  water,  but  dissolves  on  boiling,  forming  a  solution  from  which  the  crystalline 
hydrate  may  be  again  obtained. 

Trll URATES. — Telluric  acid  forms  with  the  alkali-metals,  neutral,  acid,  and 
hyperacid  salts,  represented  by  the  formulas,  M^eO*,  MHTeO*,  and  MHTeO*.H«TeO«, 
respectively ;  also  anhydrous  di-  and  tetra-tellurites.  With  the  other  metals  it  forms 
chiefly  neutral  salts.  The  neutral  and  acid  tellurates  of  alkali-metal  are  easily 
soluble  in  water,  the  anhydrous  di-  and  tetra-tellurites  sparingly  soluble.  Most  of 
the  other  tellurates  are  insoluble  or  sparingly  soluble,  and  are  obtained  by  pi^ 
cipitation. 

Most  tellurates  dissolve  readily  in  cold  hydrochloric  acid.  The  solutions  are  not 
yellow,  like  those  of  the  tellurites,  and  will  bear  any  amount  of  dilution  without  pre- 
cipitation. On  boiling  they  give  off  chlorine,  turn  yellow,  and  become  precipitable  by 
water,  owing  to  the  formation  of  tellurous  acid.  The  acidulated  solutions  of 
tellurates  and  telluric  acid  are  decomposed,  like  those  of  the  tellurites,  but  not  very 
readily,  by  tndphydric  acid,  with  precipitation  of  a  sulphide ;  and  by  sulphurous  add 
and  other  reducing  agents,  with  precipitation  of  tellurium,  though  somewhat  slowly, 
and  frequently  only  on  the  application  of  heat.  Hence,  in  analysing  tellurites  by 
reduction,  they  should  always  be  previously  reduced  to  tellurites  by  boiling  with 
hydrochloric  acid.  Tellurates  when  heated  to  redness  give  off  oxygen,  and  are  reduced 
to  tellurites.  Heated  with  charcoal  and  alkaline  carbonate,  or  before  the  blowpipe  on 
platinum,  they  behave  like  tellurites. 

Tell  urate  of  Aluminium  \%  obtained  by  double  decomposition  as  a  white  pre- 
cipitate, soluble  in  excess  of  the  aluminium-salt. 

Tellurates  of  Ammonium. — The  neutral  salt,  (NH*)'TeO*,  is  prepared  by 
mixing  a  boiling  solution  of  the  neutral  potassium-salt  with  sal-ammoniac  and  a  little 
ammonia,  and  separates  on  cooling  in  granular  crystals,  easily  soluble  in  water,  spar- 
ingly soluble  in  solution  of  ammonia  or  sal-ammoniac. — The  ditellurite,  (NH*)*TeO*. 
TeO«  «  (NH*)'0.2TeO*,  is  precipitated,  on  mixing  a  saturated  solution  of  the  acid 
sodium-salt  with  sal-ammoniac,  as  a  gelatinous  mass,  only  slightly  soluble  in  water. 
When  boiled  with  water  in  open  vessels,  it  gives  off  ammonia ;  but  when  heated  with 
water  in  sealed  tubes,  it  partly  melts  to  a  white  mass,  which  solidifios  on  cooling,  and 
partly  dissolves  in  the  water,  the  solution  on  cooling  depositing  fine  crystalline  grains 
[?  of  the  acid  salt].--The  teiratelluHte,  (NH*)*TeO*.3TeO«  «  (NH*)«0.4TeO«,  is  ob- 
tained, by  decomposing  the  hyperacid  sodium-salt  with  sal-ammoniac,  as  a  white 
flocculent  precipitate ;  it  likewise  separates  from  the  solution  of  the  neutral  salt  by 
evaporation  at  ordinary  temperatures,  or  at  a  gentle  he^t.  It  dissolves  with  difl!culty 
in  water,  and  is  nearly  insoluble  in  alcohoL    (Berzelius.) 

Tellurat'*  **^  ^arium. — These  salts  are  obtained  by  precipitation.— The  nfutral 
$dU,  "QeT  «paratea  as  a  bulky  precipitate,  which  soon  sinks  down,  and 
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small  quantity  till  it  turns  yellow ;  at  a  higher  temperature,  it  is  reduced  to  t^llurit^. 
By  repeated  crystallisation  from  its  aqueous  solution,  it  is  partially  decomposed,  the 
crystals  becoming  mixed  with  those  of  the  acid  salt,  while  free  telluric  acid  remains 
in  the  mother-liquor  (Berz«;lius). — The  anhydrous  t< tratellurate,  K'0.4TeO',  may 
be  obtained  by  heating  the  acid  tellurate  to  u  temperature  below  redness,  whereupon 
it  breaks  up  into  water,  which  is  evolved  ;  neutral  tellurate  of  potassium,  which  may 
be  dissolved  out ;  and  the  anhydrous  tetratellurate,  which  remains  undissolved  as  ayellow 
mass,  insoluble  in  hydrochloric  acid  and  in  nitric  acid,  except  after  prolonged  boiling. 
Its  formation  is  represented  by  the  equation  : 

6KHTeO*     «     2K*T0«   +   K«TeO*.3TcO«   +    SH'O. 

Telluratcs  of  Silver. — Telluric  acid  forms  a  neutral  salt,  two  acid  salts,  and  two 
basic  salts  of  silver.  The  neutral  and  acid  salts  are  obtained  by  double  decomposition 
with  concjntratt  (1  solutions  of  silver-nitrate  and  neutral  tellurate  of  alkali-metal. — The 
neutral  mlt,  Ag^eO*,  is  a  dark-yellow  powder,  which  is  resolved  by  water,  especially 
at  the  boiling  heat,  into  a  soluble  acid  and  an  insoluble  basic  salt.  Its  ammoniaeal 
solution  is  colourless.  —A  nitrato-tcUuratr  of  silver  separates,  immediately  on  adding 
telluric  acid  to  a  concentrated  solution  of  silver-nitrate,  as  a  colourless  crystalline  pre- 
cipitate, which  turns  slightly  yellow  in  contact  with  the  air,  and  brown  when  mois- 
tened with  ammonia.  Hydrochloric  acid  decomposes  it^  with  separation  of  silver- 
chloride  (O  pp  e  n  h  e  i  m).  —  The  ditellurate  and  tetratellurate  of  silver  are  reddish-yellow 
flocculent  precipitates. 

The  trihasic  salt,  3Ag'O.TeO«  =  2Ag«0?Ag-TeO<,  is  produced  on  mixing  the  am- 
moniaeal solutions  of  the  neutral  salt  and  silver-nitrate,  and  remains  on  evaporation 
as  a  black-brown  saline  mass. — The  same  compound  separat^^s  as  a  reddish-yellow 
precipitate,  quickly  turning  brown,  on  mixing  a  very  dilute  solution  of  silver-nitrate 
with  acid  tellurate  of  potassium. — The  ses^ibasic  salty  3Ag*0.2TeO',  remains  as  an 
anhydrous  liver-coloured  powder,  on  boiling  the  neutral  salt  with  water.  (Berze- 
1  i  u  s.) 

Tellurates  of  Sodiu  m. — These  salts  resemble  the  corresponding  potassium-salts, 
and  are  prepared  in  like  manner. 

Tellurate  of  Strontium  is  prepared  like  the  calcium-salt,  which  it  resembles. 

Tellurate  of  Thorinum  is  a  white  pulverulent  precipitate,  insolable  in  excess 
of  the  thorinum-salt. 

Uranic  tellurate  is  a  pale-yellow  powder. 

Tellurates  of  Yttrium, — The  neutral  telluratcs  and  difeUurates  are  obtained  by 
precipitating  the  neutral  and  acid  tellurates  of  potassium  with  an  yttrium-salt. 

Tellurateof  Zirconium,  obtained  by  double  decomposition,  is  a  white  powder. 

TSXtlLUlil U  M,  SSEsMtnUM  OT,  Tellurium  and  selenium  may  be  fnsed  to- 
gether in  all  proportions,  the  combination  being  attended  with  evolution  of  heat.  Tho 
product  is  an  iron-grey  brittle  mass,  which  has  a  crystalline  fracture,  melts  below  a 
red  heat,  boils  at  a  higher  temperature,  and  may  be  volatilised  without  decompoeition 
if  excluded  from  the  air.  When  heated  in  contact  with  the  air,  it  yields  colourless 
drops,  possibly  consisting  of  a  selenate  of  tellurium.     (Berzolius.) 

TS^lLURZUXIKt  8irZiPBX]IS8  OF.  Tellurium  forms  two  sulphides  corre- 
sponding to  the  oxides. 

Tellurous  Sulphide,  TeS^  is  formed  by  the  action  of  sulphydric  acid  on  a 
tellurous  salt,  or  on  the  acidified  solution  of  a  tellurite  (p.  711);  also  by  exposing  the 
solution  of  a  sulphotellurite  of  alkali-metal  to  the  air.  It  is  a  dark-brown  or  black 
substance,  which  softens  at  a  moderate  heat,  and  acquires  a  semi- metallic  lustre  on 
cooling.    When  strongly  heated  it  evolves  sulphur. 

Tellurous  sulphide  combines  with  the  sulphides  of  basylous  metals,  forming  the 
sulphotellu rites,  all  of  which  appear  to  contain  3  at.  basylous  sulphide  to 
1  at.  tellurous  sulphide,  being  represented  by  the  general  formula  3M-S.TeS*  = 
2M'S.M«TeS\ 

The  sulphotellurites  of  the  alkali-metals  and  of  magnesium  are  most  readily  pre- 
pared by  saturating  the  aqueous  solutions  of  the  corresponding  tellurites  with 
sulphydric  acid  gas.  The  solid  anhydrous  sulphotellurites  of  alkali-metal  have  a 
brownish-yellow  colour ;  those  which  contain  water  of  crystallisation  are  pale-yellow  ; 
they  dissolve  easily  and  with  pale-yellow  colour  in  water ;  less  easily  in  alcohol,  with 
separation  of  tellurous  sulphide.  Acids  added  to  the  solutions  throw  down  tellurous 
fulphide.  In  the  dry  state  these  salts  may  be  ignited  in  close  vessels  without  decom- 
position, and  at  ordinary  temperatures  they  remain  unaltered  for  a  considerable  time 
in  contact  with  tho  air;  but  their  solutions  decompose  quickly  in  contact  with  the  air, 
with  formation  of  alkaline  hyposulphite,  and  separation  of  tellurous  sulphi^'e. — The 
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column  100  millimetres  long,  it  turns  the  plane  of  polarisation  85^  to  the  left  for  the 
transition-tint,  and  66*^  for  the  red  raj :  the  oil  obtained  from  it  by  rectification  below 
178^  turns  the  plane  of  polarisation  92°  to  the  left  for  the  transition-tint.  (Bert he- 
lot, J.  Pharm.  [3],  xxix.  38.) 

Templin-oil  resinises  quickly  on  exposure  to  the  air,  and  turns  acid,  with  formation 
of  ozone.  When  mixed  with  ^  toI.  nitric  acid  and  4  vol.  alcohol,  it  forms  terpin  or 
hydrate  of  turpentine,  more  quickly  on  addition  of  l|  vol.  water.  It  absorbs  hydro- 
chloric acid  gas,  but  without  forming  a  crysfallisable  camphor.  When  the  oil,  satura- 
ted with  hy£xx!hloric  acid  gas,  is  treated  with  fuming  nitric  acid,  a  crystalline  com- 
pound, C''H'*.HC1,  is  formed,  having  a  rotatory  power  of  —  23°.  When  templin-oil  is 
mixed  with  one-third  of  its  weight  of  absolute  alcohol,  and  then  saturated  with  hydro- 
chloric acid  gas,  the  liquid  solidifies  to  a  magma  of  the  camphoroidal  compound, 
C"H".2HC1,  insoluble  in  water  and  in  cold  alcohol,  but  easily  soluble  in  hot  alcohol, 
from  which  solution  it  crystallises  in  laminae.  It  dissolves  in  volatile  and  fixed  oils  in 
nitric  acid  and  in  sulphuric  acid,  melts  at  55°,  and  solidifies  to  a  radio-crystalline  mass 
on  cooling,  but  is  not  volatile  without  decomposition. 

The  oil  obtained  from  the  young  branches  and  needles  of  Pinus  Pumilio  (ir.  649)  is 
probably  identical  with  templin-oil. 

TXXlf  JLITTXTB.  An  arsenical  falil-ore  from  the  Cornish  mines,  particularly  near 
Redruth^nd  St. Bay,  occurring  in  well-defined,  monometric,  tetrahedral  crystals, isomor- 
phous  with  tetrahedrite,  and  exhibiting  imperfect  dodecahedral  cleavage.  Hardness  ■■ 
8*6  to  4.  Specific  gravity  »-  4*4  to  4*9.  Lustre  metallic.  Colour,  blackish  lead-grey  to 
iron-black;  streak,  dark  reddish-grey.  Fracture  uneven.  Before  the  blowpipe  it 
emits  copious  arsenical  fumes,  and  finally  melts  to  a  black  scoria,  which  acts  upon  the 
magnet. 

Analyses :  a  by  Wackernagel ;  ^byHammelsberg  {Mineralckemie,  p.  88) : 

S.  At.  Cu.  Fe. 

a.  26-88  20-53  48*68  809     «     9918 

^.26*61  1903  51*62  1*95     »     99*21 

These  analyses  may  be  represented  by  the  formula  (Cu*  j  Fe")S.2As*S^,  diffirrent  from 
tiiat  of  arsenical  tetrahedrite— namely,  4M"S.A8^S'. 

TEWOSXTB.  Native  cupric  oxide,  occurring,  according  to  Semmola  (Bull, 
g^ol.  xiii.  206),  in  the  cracks  and  pores  of  Vesuvian  lava,  above  Torre  del  Greco,  forming 
very  thin  hexagonal  plates,  scales,  and  earthy  particles,  having  a  dark  steel-grey 
colour,  and  metallic  to  dull  lustre.    Thin  laminae  exhibit  a  brown  translucence. 

TBPBSOZTX.  Orthosilicate  of  manganese,  Mn"SiO\  from  Sparta,  New  Jersey. 
(See  Silicates,  p.  254.) 

TBPHX08XA.  The  leav^es  of  7\!phro8ia  apollinea  (Dec.),  a  leguminous  plant  in- 
digenous in  Upper  Egypt,  are  very  much  like  those  of  CasMa  obtuaa,  and  are  said  to 
occur  in  commerce  as  Folia  senna  haUpenna,  (Nees  v.  £  sen  beck,  J.  Pharm.  [3], 
vi  185.) 

1CX1>«    Syn.  witli  Ptroterebic  Acid  (iv.  776). 

Ferruginous  lithomarge,  from  the  coal-beds  near  Zwickau,  in 
Saxony. 

kTOWikTXZTB.    Syn.  with  Glauber's  salt 

and  SRBXUX.  Metals  supposed  to  exist,  together  with  yttrium, 
in  the  gadolinite  of  Ytterby,  in  Sweden.  Mosander  in  1843  (Ann«  Ch.  Pharm. 
xlviii.  220)  examined  the  crude  yttria  obtained  from  gadolinite,  by  the  process  of 
Berzelius  (see  YTTsirM),  and  concluded  that  it  was  a  mixture  of  three  earths  of 
different  basic  power.  The  most  basic  of  these — which  was  first  precipitated  from 
solution  of  the  earth  in  hydrochloric  acid  bv  ammonia— he  designated  as  erbia,  the 
next  as  t  erbia,  retaining  the  name  of  yttria  for  the  least  basic.  A  more  complete 
separation  is  effected  by  fractional  precipitation  with  an  acid  oxalate.  For  this  pur- 
pose, the  crude  yttria  is  dissolved  in  excess  of  hydrochloric  acid,  and  the  liquid  is  added 
by  drops  to  a  solution  of  acid  potassium -oxalate,  as  long  as  the  resulting  precipitate 
redissolres  on  agitation.  The  cr}*stalline  precipitate,  chiefly  consisting  of  erbium- 
oxalate,  which  then  separates  after  some  hours,  is  collected  on  a  filter ;  and  the  filtrate 
18  gradually  mixed  with  more  potassium-oxalate,  which  throws  down  a  fresh  pre- 
cipitate containing  a  larger  proportion  of  terbium,  while  the  last  precipitates  contain 
scarcely  anything  but  yttrium.  The  first  precipitates  are  almost  always  reddi^ ;  the 
last  are  colourless.  On  the  other  hand,  when  a  mixture  of  the  oxslates  of  erbium, 
terbium,  and  yttrium  is  digested  with  dilute  sulphuric  acid,  the  yttrium-salt  is  chiefly 
dissolved  at  first,  then  the  terbium,  and  lastly  the  erbium-salt.     (Mosander). 

The  metalf  — »»«"-s  and  terbium  have  not  been  isolated.    The  characters  of  erbium- 
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acid  upon  turpentine-oil,  discovered  by  Bromeia  (Ann.  Ch.  Pharm.  xxxvii.  297)i  wno 
called  it  turpentinie  acid ;  further  examined  bjHabourdin  (J.  Pharm.  [3],  tI.  185), 
who  designated  it  as  teribilic  or  terehenic acid;  by  Cailliot  (L.  Institut.  1849,  t>.  353), 
and  lastly  by  Svanberg  and  Eckmann  (J.  pr.  Chem.  Ixyi.  220). 

To  prepare  it,  oil  of  turpentine  is  heated  with  four  or  five  times  its  weight  of  nitric 
add  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fumes  are  evolve(^  whereby  a 
reddish-yellow  brittle  resin  and  a  yellow  acid  liquid  are  obtained.  This  liquid, 
evaporated  to  a  syrup,  and  diluted  with  a  lai^e  quantity  of  water,  deposits  a  whitish- 
yellow  precipitate,  having  the  consistence  of  pitch;  and  the  watery  liquid  separated 
therefrom  yields  crystalline  terebic  add.     (Svanberg  and  Eckmann.) 

Terebic  acid  crystallises  (according  to  Bromeiv)  in  tolerably  regular  forms, 
appf'aring  under  the  microscope  as  four-sided  prisms  with  oblique  terminal  faces,  and 
exhibiting  an  extraordinary  lustre  on  their  lateral  faces.  It  has  a  purely  acid  taste, 
dissolves  slightly  in  cold,  more  readily  in  boiling  water,  easily  in  alcohol  and  ether.  It 
is  not  decomposed  by  nitric  acid  at  the  boiling  heat,  but  sulphuric  add  chars  it.  The 
acid  melts  at  200^  without  loss  of  weight ;  but  at  a  higher  temperature  it  begins  to 
boil,  and  is  resolved  into  carbonic  anhydride  and  pyroterebic  add :  C'H'*0*  •=  CO* 

Terebates. — Terebic  add  is  dibasic.  It  decomposes  carbonates,  forming  acid  salts, 
C'H'MO*  and  C"H**M"0',  which  have  an  acid  reaction,  but  do  not  exert  any  further 
action  upon  carbonates.  In  contact  with  metallic  oxides  and  hydrates,  however,  the 
acid  forms  neutral  salts,  C'H*M*0^  and  CH^AfO*.  It  resembles  salicylic  acid  in 
forming  add  more  readily  than  neutral  salts.  It  also  forms  add  ethers,  which  act 
with  bases  like  a  monobasic  add. 

The  neutral  terebates  all  contain  water  of  crystallisation,  and  retain  at  least  one 
atom  of  it  until  heated  to  a  temperature  at  which  they  decompose.  When  dehydrated 
as  far  as  possible  without  decomposition,  they  have  the  composition  CH*M"0*.H'0. 
Hence  they  are  regarded  by  Cauliot  as  salts  of  a  peculiar  add,  C'H*H)^  which  he 
calls  diaterebicacid.  But,  as  they  yield  terebic  add  when  decomposed  by  acids, 
this  supposition  does  not  appear  to  rest  on  very  good  grounds. 

Terebates  of  Ammoniu  m. — The  neutral  salt  is  deliquescent  and  uncrystallisable. 
— The  acid  salt,  C'H*(NH*)0*,  forms  very  soluble  prisms ;  which  give  off  their  ammonia, 
slowly  at  ordinary  temperatures,  quickly  at  100^. 

Terebates  of  Barium,—The  neutral  salt,  2C'H»Ba''0*.5H»0,  obtained  by  adding 
baryta- water  to  a  solution  of  the  acid  salt^  and  predpitating  the  excess  of  bai^ta  with 
carbonic  acid,  dries  up  to  a  gummy  mass,  which  gives  off  2  at.  water  at  140°,  leaving 
the  salt  2C'H"Ba"0^3H*0.  This  hvdrate,  which  appears  also  to  be  predpiUted  by 
alcohol  from  the  aqueous  solution,  deliquesces  on  exposure  to  the  air,  and  then  yields 
crystals  of  another  hydrate,  C'H»Ba'0*.3H*0  (Cailliot).— The  acid  bartum-sali, 
C«*fl"Ba"0".2H'0,  or  C'H''Ca''0*.C'H'»0*.2H«0,  obtained  by  treating  the  aqueous  acid 
with  carbonate  of  barium,  is  precipitated  &om  its  syrupy  solution  by  alcohol  in 
needles  (Cailliot);  according  to  Svanberg  and  Eckmann,  it  is  uncrystalb'sable. 
A  more  dilute  solution  mixed  with  alcohol  slowly  deposits  nodules  of  the  neutral  salt, 
while  free  terebic  acid  remains  in  solution. 

The  neutral  calcium-salt  separates,  by  spontaneous  evaporation  of  its  solution, 
in  microscopic  tables,  containing  2C^H"Ca''0^.5H'0 ;  but  on  boiling  the  solution,  it  is 
deposited  in  small  crystals  containing  C*H*Ca"O^.H'0. 

Terebates  of  Zearf.— The  neutral  salt,  3C'H"Pb''0*.2H«0,  forms  crystalline 
nodules,  which  are  insoluble  in  cold  water,  and  are  decomposed  by  boiling  water,  with 
formation  of  a  basic  salt.— A  bojiic  lead-salt,  2C'H•Pb''O^Pb''H«0^3H»0,  is  also  pre- 
dpitated  on  evaporating  a  solution  of  1  at.  lead-oxide  in  1  at.  terebic  acid. — Cailliot 
likewise  describes  a  salt  containing  2C'H'Pb'0*.5H'0,  which  he  calls  metatertbatc  of 
lead,  representing  it  as  2P60.C»«i?'«0»'.— The  acid  lead-salt,  C'*H»»Pb''0».HK)  = 
C'H"Pb*0*.C'H»«OMPO,  is  obtained  by  saturating  the  aqueous  add  with  litharge, 
taking  care  that  the  latter  is  not  added  in  excess,  and  crystallises  firom  the  liquid, 
evaporated  to  a  syrup,  in  small  white  groups  of  crystals  resembling  cauliflow;^r-heads. 

The  acid  potassium-salt,  2C'^WKO^JS}0,oh{Am&ii  by  dissolving  carbonate  of 
potassium  in  an  equivalent  quantity  of  the  acid,  and  evaporating  to  a  syrup,  forms 
very  soluble  crystals,  which  give  off  their  water  at  100^. — The  acid  sodium-salt, 
2C'H*NaO*.H*0,  prepared  like  the  preceding,  also  gives  off  its  water  at  100^. 

Silver-salts. — The  neutral  salt,  C'H'Ag'OMPO,  obtained  by  precipitating  a 
solution  of  the  neutral  barium-salt  with  nitrate  of  silver,  is  uncrystallisable  (Svan  - 
berg  and  Eckmann).  According  to  Cailliot,  it  dissolves  very  slightly  in  boiling 
water,  and  separates  therefrom  in  needles. — The  add  silvir-salt,  C'H'AgO*,  obtained 
by  precipitating  the  acid  ammonium-  or  barium-salt  with  nitrate  of  silver,  then  evapo- 
rating, and  leaving  the  solution  to  cool  slowly,  forms  beautiful  shining  prisms. 
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oomponndi,  id  vhich  i  at.  hydrogen  are  repUced  by  »  ndiele,  rimple  or  eamponnd: 
t.g.,  tetrachloroqninone,  telmniBtliylanimoniuni,  tea. 

TaTK&C&Aarra.     Sjn.  vilb  Scuvun  (p.  203). 

TBTKAMCrVb  or  TXTm&BaOATY^b.    C'*H™  ;  also  called  liyrUtyl. — The 

fODTtcentli  term  of  the  aeries  of  Blcohol-radicles,  OR''".— Telradtcyiic  hydride, 
C"H'°,  ig  one  of  the  CDDBtituentB  of  Americaa  petroleum :  it  boili  betweeo  236°  and 
240=.  and  is  converted  by  chlurine  into  the  correBponding  chloride,  C"H"Cl.~7KrD- 
dect/lic  or  Myritlic  Alcohol,  or  Metkat,  C"H"0,  ia  one  of  the  coaatitaeula  of  apfir- 
tnaceti  (iii.  1072). 

rarXAJt  K MITB.    Ifative  tellmide  of  biEmnth  (p.  707). 

TVTKABBSBXT&  FaU-ore,  Grty  Copper,  FaUert,  Kvffer/ailert,  PaniAai. 
— Varieties:  Pelytditf,  WeiagUtigtri  or  SUoerfaldeTi;  Sehtcartgiiliffert  and  Gran- 
gUtigeri ;  SpanialUe  or  Quaiiilba-/akleri. 

Toe  name  t«tnbedrite,  or  fahl-ore,  ia  applied  to  a  groap  of  ieomorphona  minerals, 
cpystaUising  in  hemihodral  forms  of  the  monometric  or  regular  system,  and  coQBiBliiig 
of  miilnrsB  of  solphnr-salts  (sulphantimooiteB  and  BalpbarsenitH),  in  wbich  ifae 
sulphur  of  the  base  ia  to  that  of  the  acid,  for  the  most  part,  as  4  :  3.  The  geoeral 
fononla  of  the  gronp  is,  therefore,  ,gV,  ,  'i-i\Sf '"'  ai,i  •' i-i  [S'l  the  sjmbol  M 
denoting  Cu  (aiprotum)  and  Ag,  and  N'  denoting  Fe,  Sn,  and  Ug  (~  200). 

Thefbrmsof  most  freqneDtocciUTeaca  are  the  r^ular  tetrahedron,  '  (fig.   190,   ii. 

330],  the  triakis-tetrahodion  „  {fig.  796),  aod  the  combinationa  *  ^  ■  oeOoB 
0^.167,il.23i),  +  5  ■  »0  {J%,.  a03.  ii.  282),  -t  2  .  +^^^fy_^o^)^  +0  ,  +102 
•0(.;^.798),  +?2?  .  «o  ■   ^,  aadothars. 

Fig.  796.  Fig.  787. 


Twin-ciTstala  occnr,  with  oetahadral  eomposition-ftce.      Cleavage  octahedral   in 
bncea.    The  mineral  also  occurs  granolei  to  impalpable,  and  compact.     Hardnes*  - 
Fig.  798.  8   to   i-B.     Sfeciflo  gravity  =  <'i  to  fill.    Lnstre 

Tnetsllie.  Colonr  between  steel-grey  and  iron-black. 
Streak  geneTall;  the  same  as  the  colonr.  Opaqoc^  or 
Bnbtranalucent  in  very  thin  splinters,  with  uieny- 
red  transmitted  colonr.  Fracture  subcoacho'idal,  an- 
even.    Rather  brittle. 

Before  the  blowpipe,  it  gives  off  fames  of  antimony 
and  sametimna  of  arsenic,  then  melts,  and  after 
roasting  leares  a  globule  of  copper.  When  pulverised, 
it  dissiuves  with  little  residne  in  nitric  acid,  forming 
a  browntab -green  solution. 

The  beat  mode  of  analysing  tetrabcdrite  is  that  of 
H.  Boss,  which  coDsists  in  heating  the  mineta)  in  a 
stream  of  chlorine,'  the  metals  are  thereby  converted 
into  chlorides,  some  of  which  are  volatile,  while  others  are  flied,  a  diviaion  which 
greatly  facilitates  the  farther  separation  (p.  637). 

Analgtft: — 1,  3.  E.  Soee  {Poga.  Ann.  zv.  67S). — 3.  8vanberg(Eong1.  Vetenak. 
Acad.  Forbl.  iv.  85).— 4.  Kammelaberg  {Hineralchemie,  p.  87).— 6,  6,  T.  H.  Hoae, 
(foe.  cil.)—8.  a  enth  (Sill.  Am.  J.  ivi.  83).— S.  Scheidhauer  (Pogg.  Ann.  Iviii 
181).- 10.  Von  Haner  (Jahrb.  Oeolog.  Beichs.  18fi2,  p.  S8).'— 
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(Kolbe);  0-7136  at  0°  (Kopp);  0-7067  at  0®  (WuptE).  It«  expansion-coefficient 
(between  11°  and  88°),  is,  accoi^ding  to  Kopp: 

00012126^   +   0-00000027933/*  +   0000000016297^. 

It  bolls  at  108^  (Kolbe) ;  at  108*6°  (Wurtz) ;  at  106°  under  a  barometric  pressnre 
of  745mm.  (Kopp),  and  distils  completely  without  decomposition.  VapoozHlensitj 
»  4-063  (Kolbc) ;  4070  (Wurtz);  407  and  3*88  (Gr.  Williams);  the  calcolated 
value  (C»ir«   =   2  vols.)  is  3-96. 

Totryl  is  insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and  ether. 
None  of  the  tetryl-corapounds  can  be  directly  prepared  from  it — Chlorine  and  hromine 
act  upon  it,  but  form  substitution-products. —  Y^ith  pentachloride  of  antimoni/  it  yields 
hydrochloric  acid  and  chlorinated  prodncta  not  yet  examined. — Pentachlortde  of 
phosphorus  is  decomposed  by  it  only  after  long  boiling,  with  formation  of  trichloride 
of  phosphorus,  chlorinated  tetryl,  and  hydrochloric  acid.  When  the  vapours  of  iodine 
and  tetryl  are  passed  together  over  spongy  platinum  heated  in  a  tube  to  300®,  a  large 
quantity  of  hydriodic  acid  is  formed,  together  with  a  small  quantity  of  an  iodised 
organic  substance,  probably  a  substitution-product. — Hydrochloric  acid  has  no  action 
u|)OD  tetryl,  either  at  ordinary  temperatures,  or  at  a  temperature  near  that  of  boiling 
oil.     (Wurtz.) 

Tetryl  forms  compoimds  with  other  alcohol-radicles. 

Tetryl-ethyl,  C«H'*  «  C*H».C*H*,  obtained  by  the  action  of  sodium  on  a  mix- 
ture of  tetrylic  and  ethylic  iodides,  has  been  already  described  (ii.  626). 

Tetryl-amyl,  C^H'*  «=  C*H*.C*H",  is  prepared  by  decomposing  a  mixture  of 
tetrylic  and  amylic  iodides  with  sodium,  in  the  manner  described  for  the  preparation 
of  tetryl.  The  greater  part  of  the  resulting  liquid  distils  over  between  130°  and  140°, 
and,  by  repeated  fractional  disti^latioq,  pure  tetryl-amyl  is  obtained  as  a  colonrless  liquid, 
boiling  at  132°,  having  a  specific  gravity  of  0-724  at  0°.  Vapour-densily  ■»  4*46  (calc. 
«   4-42).     (Wurtz.) 

Totryl-hexyl,  C'«H«  =  p«H\C«H",  is  obtained  by  the  electrolvsis  of  a  mixture 
of  ocnanthylate  and  valerate  of  potassium.  The  oily  liquid,  which  co&ects  on  the  sur- 
face of  the  aqueous  solution,  is. a  mixture  of  several  hydrocarbons ;  and  when  subjected 
to  fractional  distillation,  yields,  betwpen  100°  and  140°,  a  liquid  containing  tetryl-hexyl, 
which,  when  further  rectified,  boils  between  165°  and  160°,  and  exhibits  a  vapour^ 
dtnsity  of  4-917  (calc.   »  4*907) ;  but  it  has  not  been  obtained  pure. 

TSTSTA,  JLCBTATB8  OV.  C^H^K)'.— There  are  two  ethers  having  this 
composition,  the  one  corresponding  with  normal  tetrylic  alcohol,  the  other  with 
isotetrylic  alcohol  {infra). 

Nonnal   Tetrylic  Acetate,  C*H».C«H»0«    =    ^(^^?|o,  is  produced  by  distilling 

equivalent  quantities  of  dry  acetate  and  tetrylsulphate  of  potassium,  or  by  heating 
normal  tetrylic  iodide  with  a  slight  excess  of  silver-acetate  in  a  glass  tube,  and 
distilling  offtlie  resulting  liquid.  The  distillate  is  purified  by  washing  with  a  dilute 
solution  of  sodic  carbonate,  then  dried  over  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  agreeable  odour,  specific  gravity  =«  0*844  at  16°,  and  boiling  at 
114'^  Vapour-density  =  4*073;  calc  »■  4*017.  By  prolonged  boiling  with  potash, 
it  is  resolved  into  acetic  acid  and  normal  tetrylic  alcohol.  (Wurtz,  Ann.  Gh.  Fharm. 
xciii.  121.) 

Isotetrylic  Acetate,  perhaps  C*H*  J  rjiii'O^'  ^^  produced,  together  with  tetrylene,  by 

heating  isotetrylic  iodide  (obtained  from  erythromannite,  p.  736),  with  acetate  of 
silver  in  sealed  tubes.  On  distilling  off  the  tetrylene,  the  isotetrylic  iodide  remains, 
and  may  bo  purified  like  the  normal  ether.  It  is  a  colourless  liquid,  boiling  at  111° 
to  113°,  and  having  a  strong,  agreeable,  aromatic  odour,  but  not  fruity,  like  the  normal 
acetate.     (De  Luynes,  Jahresb.  1864,  p.  601.) 

TSTKTlb  A]bCOBOXJi.    C*H'«0.— In  the  article  "  Secondary  and  Tkbtiabt 

Alcohols  "  (p.  216),  it  is  observed  tliat  there  are  three  possible  tetryl  or  butyl  alcohols, 
represented  by  the  following  formulae : — 
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An  alcohol  having  the  composition  C*H"0,  is  produced,  together  with  ethylic  and 
amylic  alcohols,  in  the  fermentation  of  sugar,  and  is  found  in  the  fusel-oil  obtained  from 
mangold-\*'urzel,  and  sometimes  in  that  obtained  from  potatoes.  This,  which  was  dis- 
covered by  Wurtz  in  1852  (Compt.  rend.  xxxv.  210;  Ann.  Ch.  Pharm.  xciii.  107), 
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hydroearboiui. — 10.  With  chloride  of  cyanogen,  tetrylie  alcohol  forms  ehloride  of  tetiyl 

and  tetrylie  nrethane : 

2C*E}*0  +  CNa     -     C*H*a  +  C»H"NO«.  . 

If  the  tetrylie  alcohol,  as  ia  generally  the  case,  oontaina  a  little  water,  caztoiate  of 
tetryl  and  sal-ammoniac  are  formed  at  the  same  time : 

2C*H"0  +   CNa  +  H»0     -     (C«H»)«CO»  +  NHKIJI 

(E.  Humann,  Ann.  Ch.  Pharm.  :xcf.  256). — 11.  Tetrylie  alcohol  obtained  by  fermen- 
tation yields,  by  distillation  with  sulphvric  acid  and  potassic  dickroTnate,  a  mixhire  of 
butyric  and  propionic  acids  with  the  corresponding  aldehydes  (Michael son,  Jahresb.- 
1864,  p.  336).  The  alcohol  obtained  by  Schoyen  from  tetrylie  chloride,  as  above 
mentioned,  also  yields  butyric  acid  when  subjected  to  the  same  treatment. 

Isotetrylic  Alcohol,  (De  Luynes,  Ann.  Ch.  Pharm.  czxviii.  330,  exzxii.  274; 
Jahresb.  1863,  p.  603 ;  1864,  p.  601.)— This  alcohol  is  produced  by  the  action  of  moist* 
silver-oxide  on  isotetrylic  iodide  (obtained  by  the  action  of  hydriodic  acid  on  eiythro- 
mannite,  ii.  606),  or,  better,  by  heating  isotetrylic  acetate  (obtained  by  deoompoMngthe 
iodide  with  acetate  of  siWer)  to  100^  for  thirty  hours.  The  alcohol  then  separates  as 
an  oily  layer  on  the  surfoce  of  the  liquid,  and  may  be  purified  by  drying  with  carbonate 
of  potassium,  and  rectification,  finally  over  lumps  of  sodium.  It  is  a  oolonrlees  liquid, 
having  a  strong  odour  and  burning  taste,  a  specific  gravity  of  0*86  at  0^,  and  boiling 
at  96^ — 98^  (about  10^  lower  than  the  normal  alcohol).  It  mixes  in  all  proportions 
with  alcohol  and  ether ;  dissolves  also  in  water,  and  ia  precipitated  firom  the  sdvtioii 
by  carbonate  of  potassium ;  it  dissolves  ehloride  of  calcium.  It  absorbs  hydriodic  acid, 
forming  isotetrylic  iodide,  identical  with  that  produced  by  the  action  of  l^driodic  acid 
on  eryuiromannite. — With  bromine  it  forms  a  heavy  liquid,  which  stronglj  attacks  the 
eyes,  and  varies  in  boiling-point  from  110^  to  168^. 

Isotetrylic  alcohol,  when  heated  for  some  hours  to  250^,  is  for  the  most  part  resolved 
into  water  and  tetrylene.  The  corresponding  iodide  gives  off  tetrylene  when  distilled 
with  alcoholic  potash.  These  isotetryl-compounds,  therefore,  like  the  /l-hexyl-com- 
pounds  (iii.  162),  with  which  they  are  homologous,  show  a  great  tendency  to  give  np 
their  olefine.  In  this  respect  they  appear  to  react  more  like  compounds  of  tetrylene 
than  of  tetryl,  and  as  such  they  are,  in  fact,  regarded  by  De  Luynes, — the  alcohol  as 

C*H».H*0  or  C«H«  J20J  ^^  iodide  as  C*H«.HI.    But  the  property  of  readily  giving 

up  the  olefine  does  not  afford  a  decisive  argument  in  favour  of  this  view,  inasmuch 
as  the  same  property  is  possessed,  though  in  a  less  marked  degree,  by  the  normal 
alcohols  CH^'*'H),  all  of  which,  when  treated  with  oil  of  vitriol  or  other  strong 
dehydrating  agents,  are  resolved  into  water  and  the  olefine. 

TSTRT&,  BROMZBB  OF.  CfH*Br.  (Wurtz,  Ann.  Ch.  Pharm.  zciii.  114.>— 
This  compound  is  prepared  by  the  action  of  bromine  and  phosphorus  on  tetrylie 
alcohol.  A  few  drops  of  bromine  are  added  to  tetrylie  alcohol ;  a  small  piece  of  phos- 
phorus thrown  in,  the  liquid  being  kept  cool  and  shaken  till  the  colour  of  the  bromine 
IS  destroyed ;  the  addition  of  bromide  and  phosphorus  then  repeated,  and  so  on  con- 
tinually, till  vapours  of  hydrobromic  acid  are  abundantly  evolved,  and  a  quantity  of 
bromine  has  been  added  at  least  equal  to  that  of  the  tetrylie  alcohol.  The  liquid  is 
then  distilled  at  a  temperature  not  exceeding  100°,  and  the  resulting  vapours  are  passed 
into  a  flask  containing  water,  which  dissolves  the  hydrobromic  acid,  while  the  impure 
bromide  of  tetryl  collects  at  the  bottom.  The  latter  is  washed  with  water,  dried  with 
a  little  chloride  of  calcium,  and  rectified ;  that  which  passes  over  at  89°  is  pure  bronude 
of  tetryL 

It  is  an  oily  liquid,  having  an  ethereal  odour,  and  boiling  at  89°.  Specific  gravity 
—  1-274  at  I60.     Vapour-density,  obs.  =»  4*720;  calc.  =  4*749. 

Potaseium  decomposes  bromide  of  tetryl,  slowly  at  ordinary  temperatures,  but  vio- 
lently when  heated.  When  the  two  substances  are  heated  together  in  a  sealed 
tube,  decomposition  begins  as  soon  as  the  potassium  melts,  a  lai^  quantilj  of  gas 
(probably  tetrylene  and  tetrylie  hydride)  being  evolved,  and  the  tube  exploding  with 
violence. — Ammonia  acts  slowly  on  bromide  of  tetryl  at  ordinary  temperatures, 
forming  hydrobromate  of  tetrylamine.     ( W  u  r t  z. ) 

TBTSTX,  CASBOXrATS  OF.    See  Cabbonic  Ethkbs  (i.  801). 

TBTBTXi,  CBXiORZBa  Or.  C'H»CL  (Wurtz,  Ann.  Ch.  Pharm.  xciii. 
113.) 

Prepared:  1.  By  the  action  of  hydrochloric  acid  on  tetrylie  alcohol.  When  the 
alcohol  is  saturated  with  hydrochloric  acid  gas,  and  the  liquid  sealed  up  in  a  glass 
tube  is  heated  in  the  water-bath,  a  large  quantity  of  chloride  of  tetryl  is  produced, 
and  may  be  obtained  pure  by  washing  the  product  with  water,  distilling,  and  separating 
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dehydrated  over  chloride  of  calcium,  and  rectified,  the  portion  which  passes  cfwtv 
between  118*^  and  122°  being  collected. 

Tetrylic  iodide  is  colourless  when  recently  prepared,  but  soon  turns  brown  by  ex- 
posure to  light.  It  refracts  light  strongly;  boils  at  121°;  but  when  a  mixture  of 
water  and  iodide  of  tetryl  is  distilled,  the  thermometer,  at  the  beginning  of  the  distil- 
lation, when  the  tetrylic  iodide  chiefly  passes  over,  indicates  only  88°  to  89°.  Specific 
gravity  =  1  604  at  lO"".     Vapour-density  =   6*217  (calc.  =  6344). 

Tetrylic  iodide  bums  with  difficulty,  and  only  in  contact  with  a  burning  body ;  the 
combustion  is  attended  with  evolution  of  iodine-vapours.  It  is  but  slowly  attacked 
by  aqueous  potash,  even  when  boiled  therewith  for  some  time ;  but  alcoholic  potash 
decomposes  it,  with  formation  of  tetrylic  alcohol  and  iodide  of  potassium. — Potassium 
decomposes  iodide  of  tetryl,  yielding  tetryl  and  iodide  of  potassium. — With  ietiylaie 
of  2fotiusium,  C'H^KO,  it  forms  tetrylic  ether  and  iodide  of  potassium  (p.  736). — With 
oxide  of  silver,  it  forms  tetrylic  ether  and  iodide  of  silver. — With  silver-salt^  {e^.  the 
carbonate,  sulphate,  acetate,  &c.)  it  forms  iodide  of  silver  and  a  compound  ether  {e^, 
carlxinate,  sulphate,  acetate,  &c.)  of  tetryl.  A  solution  of  nitrate  of  silver  is  imme- 
diately precipitated  by  iodide  of  tetiyl.     (Wurtz.) 

/3.  Isotetrylic  iodide,  perhaps  (C^H*)"]  j  .     (De  Luynes,  Jahresb.  1862,  p.  479; 

1863,  p.  503;  1864,  p.  600). — This  compound  is  produced  by  the  action  of  hydriodie 
acid  on  er^'thromannite  (ii.  505)  : 

C*H'«0*   +   7HI     -     C*H»I  +  4H«0   +  3I». 

Thirty  grms.  of  perfectly  dry  (fused)  erythromannite  are  slowly  distilled  with  350  to 
400  grms.  of  fuming  hyariodic  acid,  of  specific  gravity  1-99.  As  soon  as  the  liquid 
boils,  isotetrylic  iodide  distils  over,  together  with  undecomposcd  hydriodie  acid.  It  is 
purified  by  washing  with  potash-ley,  then  with  water,  dried  over  chloride  of  calcium, 
and  rectified.  With  weaker  acid  (of  specific  gravity  1*70,  for  example),  a  greenish 
product  is  obtained,  which  decomposes  partially  during  rectification,  and  is  best  puri- 
fied by  a  second  distillation  with  nydriodic  acid.—  2.  By  the  action  of  hydriodie  acid 
gas  on  isotetnrlic  alcohol,  &c. 

Isotetrylic  iodide,  when  recently  prepared,  is  colourless,  and  has  an  agreeable  ethereal 
odour.  Its  specific  gravity  is  1*632  at  0°,  1*600  at  20°,  and  1*584  at  80^.  It  boils  at 
about  118°.  Vapour-density  «  6*597  at  20°;  =  6-617  at  24°.  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether.  When  exposed  to  light  at  a  somewhat  high  tem- 
perature, it  becomes  coloured. — Chlorine  decomposes  it,  separating  iodine,  and  forming 
an  aromatic  liquid,  which  boils  at  120°  (probably  C*H*CP). — With  bromine  it  gives 
off  iodine,  and  yields  bromide  of  tetrylene,  C*II*Br^ 

TSTRTXh  arZTSATB  OT.  C*H»NO».  (Wurtz,  Ann.  Ch.  Pharm.  xciii.  120.)— 
Prepared  by  mixing  tetrylic  iodide  with  a  small  quantity  of  fused  urea,  and  a  slight 
excess  of  fused  silver-nitrate.  The  reaction  takes  place  immediately,  accompanied  by 
so  much  heat  that  part  of  the  product  distils  over;  the  rest  must  be  afterwards 
volatilised,  by  heating  the  mixture  to  140° — 150°.  The  distillate  is  purified  by  washing 
with  slightly  alkaline  water,  drying  with  chloride  of  calcium,  and  rectification. 

TSTRTZi,  OZZBB  OF.  C»H»»0  =  (C*H»)«0.  (Wurtz,  Ann.  Ch.  Pharm. 
xciii.  117.) — Produced :  1.  By  the  action  of  tetrylic  iodide  ou  tetrylate  of  potassium. 
The  product  thus  obtained  is,  however,  difficult  to  purify  from  tetrylic  alcohol,  as  the 
boiling-points  of  the  two  liquids  diflfer  but  little  from  each  other. — 2.  A  purer  product 
is  obtained  by  the  action  of  tetrylic  iodide  on  oxide  of  silver. 

Ethyl'Utrylic  ether,  (C«H*)(C<H»)0,  is  produced  by  the  action  of  ethylic  iodide  on 
tetrylate  of  potassium.  It  is  a  colourless  fragrant  liquid,  having  a  specific  gravity  of 
0*7507. 

TBTAVIt,  SV&PBATB  OF,     See  Sulpitubic  Ethehs  (p.  629). 


OP.  C^H'^S  =  C'H».H.S.  Tetrylic  or  Butylic 
Mcrcaptan.  (K.  Hermann,  Ann.  Ch.  Pharm.  xcv.  256  ;  Chem.  Soc.  Qu.  J.  viii.  274.)— 
Produced  by  distilling,  at  the  heat  of  the  water-bath,  a  mixture  of  aqueous  sulphydrate 
of  potiissium  and  concentrated  aqueous  tetrylsulphate  of  potassium,  the  product  being 
received  in  a  well -cooled  fiask : 

C*H»KSO<  +   KHS  :=  C*H'»S   +  K^O*. 

The  oily  liquid  which  condenses  is  decanted,  pkced  in  contact  with  chloride  of  calcium, 
and  distilled,  the  portion  which  passes  over  between  85°  and  90°  being  collected 
apart 

Tetirlic  mercaptan  is  a  colourless  very  mobile  liquid,  having  the  peculiar  disagree- 
able odour  which  characterises  the  mercaptans.  Specific  gravity  =  0*848  at  11*6°. 
Vapour^ensity  =  3*10.     Boils  at  88°.     It  has  no  action  on  vegetable  colours,  is  very 
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Tiscid  mass  is  then  formed,  which  still  contains  hydrogenated  prodact^,  aad  does  not 
yield  any  crystals  of  trichloride  of  carbon.     (Faraday.) 

Tetrylene-gas  is  likewise  absorl)ed  in  large  quantity  by  pentachloride  of  antimony ; 
and  on  distilling  the  product,  a  chlorinated  oil  is  obtain^,  having  the  compoeition 
C*H'C1«.  or  C*H'C1.CP. 

TBTRT&-0&TCO&.    Syn.  with  Tbtbtlbnic  Alcohol. 

TBTSTZiZir-T&ZABmnB.    C*H"N*    =    K'K^'^P  .— Atriatomic  base  pro- 

duced  by  the  action  of  nascent  hydrogen  (erolved  by  the  action  of  tin  on  hydrochloric 
acid)  upon  cyanoform : 

CH.C»N»  +  H»«     =     C*H>*N«. 

It  boils  at  a  temperature  above  150®,  and  forms  a  platinum-salt  containing  2(C  VN'. 
8HCl).3PtCl*.    (Fai  rlie,  Chem.  Soc.  J.  xvi.  362.) 

TBT&TXr-05WAWTBT&.  C^H'.C'H»0.  Tetryl-ananthoL  Butyl-ntnantkyl, 
Butyl-butyrone,     (See  Buttbonb,  i.  698.) 

TBT&TlbSV&PBUSZC  ACZB.  C«H*.H.SO^   See  Sulphuric  Ethkbs  (p.  629). 

TBTRTXSVUPBTB&ZC  ACZB.     C«fl".H.S.     Tetrt/lmercaptan  (p.  736). 

TBUCRZmC.  The  herb  of  several  species  belonging  to  this  genus,  formerly  used 
in  medicine,  contains  a  peculiar,  resinous,  bitter  principle.  T.  Folium  is  said  to  be 
used  in  Greece  as  a  remedy  against  the  bites  of  serpents.  (Landerer,  Buchn. 
Bepert.  zcii.  246). 

TVDT&OBB  (from  rcOrXov,  beet). — A  kind  of  sugar,  resembling  glucose,  said  to 
exist,  under  certain  circumstances,  in  the  juice  of  beet  According  to  Hichaelis 
(J.  pr.  Chem.  Ixxiv.  397)»  the  sugar,  sometimes  optically  inactive,  sometimes  laevorota- 
tory,  produced  from  the  cane-sugar  of  beet,  especially  when  the  juice  b  add,  is  difierent 
from  ordinary  inverted  sugar  (p.  465). 

TBXATalTB.  A  name  applied  by  B.  Hermann  (J.  pr.  Chem.  Ixxxii.  368)  to 
native  magnesium-hydrate,  Mg'IB'O',  occurring  at  Woods  Mine,  Texas,  I^ancastor 
County,  Pennsylvania,  in  monodinic  forms  homoeomorphouS  with  epidote,  whereas 
the  ordinary  form  of  magnesium-hydrate  (brucite),  is  rhombohedral ;  but,  according  to 
Anerbach's  observations  of  the  polarising  properties  of  the  so-called  texalite  crystals, 
they  also  belong  to  the  hexagonal  system.     (Jahresb.  1861,  p.  979.) 

TBBikSZTB.  Ni"C0*.2Ni':H«0^  Syn.  with  Emboald-nickbl.  (See  Carboxatbs, 
i.  789.) 

TBASOBTOVB«  One  of  the  compounds,  or  rather  mixtures,  obtained,  according 
to  Zeis e,  by  the  action  of  ammonia  and  sulphur  on  acetone  (i.  28). 

TBAXiZTB.  A  name  applied  by  D.  Owen  (Sill.  Am.  J.  xiii.  420),  to  an  altered 
Boapstone  from  the  north  shore  of  Lake  Superior,  which  he  supposed  to  contain  a 
peculiar  earth,  thalia  ;  this  however,  according  to  Smith  {ibid.  xvi.  95),  and  Genth 
\ijbid.  xvii.  130),  was  merely  impure  magnesia. 

THAlbTiBTOCHIlf,  or  1>  H  TiTaBTOCHIM.  A  product  of  the  action  of  chlorine- 
wat«r  on  sulphate  of  quinine  (p.  18). 

Syn.  with  Epidotb. 

Atomic  wHghty  204  ;  Symbol,  Tl. — An  element  discovered  by 
Crookes,  in  1861,  in  a  seleniferous  deposit  from  the  sulphuric  acid  manufactory  in 
Tilkerode,  in  the  Harz.  In  the  distillation  of  some  impure  selenium  prepared  from 
this  deposit,  a  considerable  rcuidue  was  left,  which  was  at  first  supposed  to  contain 
tellurium,  till  spectrum-analysis  showed  that  a  new  element  was  present,  whose  spec- 
trum consisted  of  a  single  sharp  and  brilliant  green  line  (hence  the  name  thallium,  from 
teW^f ,  a  green  bud).  This  element  was  at  first  suspect^  to  be  a  metalloid,  but  farther 
examination  proved  it  to  be  a  true  metal.  It  was  first  obtained,  in  a  distinct  metallic 
fbrm,  by  Crookes,  towards  the  end  of  the  year  1861,  and  soon  afterwards  by  Lamy, 
whose  experiments  appear  to  have  been  made  without  previous  knowledge  of  Crookes*8 
results.*  It  has  since  been  made  the  subject  of  numerous  researches,  and  a  great 
number  of  its  compounds  have  been  prepared  and  carefully  examined.  A  full  account 
of  the  results  obtained  down  to  January  1864,  together  with  a  list  of  memoirs,  is 
given  by  Crookes,  in  the  Journal  of  the  Chemical  S^nety,  voL  xvii.  p.  112.  The  most 
important  papers  on  thallium  and  its  compounds,  pubUshed  since  that  date,  are  the 
fbUowing: — 

On  the  Extraetion  of  ThalUum.—SchTdtteT,  Wien.  Akad.  Ber.  xlviii.  [2],  734.— 

*  EMpcctlng  the  cootrorerqr  about  the  priority  of  the  dtscorery  of  tho  metallic  nature  of  thallium, 
wm  JahfMb.  t  Chem.  18G),  p.  177. 
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dissolved  in  hot  dilute  sulphuric  acid,  to  which  a  little  nitric  acid  iB  added,  and  the 
liquid  is  diluted  with  water  and  filtered.  Hydrochloric  acid  and  sulphite  of  sodium 
will  now  throw  down  the  nearly  insoluble  white  protochloride  of  thdiliom,  which  is  to 
be  filtered  oflf  and  washed.     (Crook es.) 

0.  From  Sulphur  or  Pyrites  in  the  Wit  Way. — The  material  is  dissolved  in  nitro- 
muriatic  acid,  until  nothing  but  bright-yellow  sulphur  is  left ;  water  is  then 
added,  and  the  filtrate  is  evaporated  with  sulphuric  acid,  until  it  is  nearly  dry, 
and  sulphuric  vapours  are  copiously  evolved.  The  residue  is  dissolved  in  a  large 
excess  of  hot  water,  and  carbonate  of  sodium  is  added  to  alkaline  reaction,  and  then 
cyanide  of  potassium  (free  from  sulphide  of  potassium).  The  liquid  is  then  heated 
gently  for  some  time,  and  filtered.  The  precipitate  contains  the  whole  of  the  lead 
(and  bismuth)  which  may  be  present,  as  carbonates,  whilst  the  thallium  remains  in 
solution.  A  current  of  sulphuretted  hydrogen  being  now  passed  through  the  liquid, 
precipitates  all  the  thallium,  whilst  the  copper,  antimony,  tin,  and  arsenic  remain 
dissolve<l.  The  precipitated  sulphide  is  filtered  off,  washed,  and  dissolved  in  dilate 
sulphuric  acid,  and  the  thallium  is  precipitated  as  chloride,  by  means  of  hydrochloric 
acid.     (Crookes.) 

7.  From  the  Flue-duat  of  Pyritva-bumers, — This  is  by  far  the  most  economical 
source  of  thallium  at  present  known.  In  burning  thalliferous  pyrites  for  the  purpose 
of  manufacturing  sulphuric  acid,  the  thallium  oxidises  together  with  the  sulphur,  and  is 
driven  off  by  the  heat.  If  the  passage  leading  from  the  burners  to  the  leaden 
chambers  is  only  a  few  feet  long,  the  greater  portion  of  the  thallium  escapes  condensa- 
tion, and  volatilises  into  the  leaden  chambers ;  it  there  meets  with  aqueoos  vapour, 
sulphurous  and  sulphuric  acids,  and  becomes  converted  into  thallious  sulphate.  This 
being  readily  soluble,  both  in  water  and  dilute  sulphuric  acid,  and  not  being  n^uced 
by  contact  with  the  leaden  sides,  remains  in  solution,  and  accompanies  the  sulphuric 
acid  in  its  subsequent  stages  of  concentration,  &c.  If,  on  the  other  hand,  the  passage 
connecting  the  burners  and  chambers  is  10  or  15  (or  more)  feet  in  length,  nearly  the 
whole  of  the  thallium  is  condensed,  together  with  a  considerable  number  of  other 
bodies  which  constitute  "flue-dust," — namely  mercury,  copper,  arsenic,  antimony, 
iron,  zinc,  cadmium,  bismuth,  lime,  and  selenium,  together  with  ammonia,  sulphuric, 
nitric,  and  hydrochloric  acids.  The  amount  of  thallium  in  these  flue-deposits  is  very 
various,  seldom  amounting  to  as  much  as  \  per  cent.,  although  in  some  as  much  as 
8  per  cent,  has  been  found. 

The  following  is  the  plan  adopted  by  Crookes  for  extracting  the  metal  from  this 
dust  on  the  large  scale: — The  dust  is  first  mixed  in  wooden  tubs  with  an  equal  weight 
of  boiling  water,  and  is  well  stirred  ;  during  this  operation  a  considerable  quantity  of 
nitrous  acid  is  evolved;  after  which  the  mixture  is  allowed  to  rest  for  24  hours  for 
the  undissolved  residue  to  deposit.  The  liquid  is  then  syphoned  off,  and  the  residue 
is  washed,  and  afterwards  treated  with  a  fresh  quantity  of  boiling  water.  The  collected 
liquors,  which  have  been  syphoned  off  from  the  deposit,  are  allowed  to  cool,  precipi- 
tated by  the  addition  of  a  considerable  excess  of  strong  hydrochloric  acid,  and  the 
precipitate,  consisting  of  very  impure  chloride  of  thalliimi,  is  allowed  to  subside.  The 
chloride  obtained  in  this  way  is  then  well  washed  on  a  calico  filter,  and  afterwards 
squeezed  dry.  Three  tons  of  the  dust  yielded  68  pounds  of  this  rough  ^hloride 
(Crookes).     For  the  further  treatment  see  below. 

Werthor  boils  the  flue-dust  repeatedly  with  carbonate  of  sodium;  precipitates  the 
filtrate  with  excess  of  ammonium-sulphiae ;  converts  the  precipitate  into  sulphate  by 
boiling  it  with  sulphuric  acid,  with  addition  of  a  little  nitric  acid ;  precipitates  the 
ammoniacal  solution  of  the  latter  with  iodide  of  potassium ;  and  reduces  the  iodide  of 
thallium  by  fusion  with  cyanide  of  potassium. 

8.  From  Commercial  Hydrochloric  Acid. — Many  samples  of  yellow  hydrochloric  acid 
contain  thallium.  It  may  be  separated  by  neutralising  with  ammonia,  and  adding 
sulphide  of  ammonium.  The  black  precipitate  contains  the  thallium,  together  with 
iron  and  some  other  metallic  impurities  of  the  acid.  It  is  to  be  dissolved  in  sulphuric 
acid,  and  the  thallium  precipitated  by  hydrochloric  acid  as  protochloride. 

The  crude  protochloride  of  thallium  obtained  by  either  of  the  above  methods  is  added, 
by  small  portions  at  a  time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or 
platinum  dish,  the  mixture  being  constantly  stirred,  and  the  heat  continued  till  the 
whole  of  the  hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  fused  acid  sulphate  is  now  to  be  dissolved  in  an  excess 
of  water,  and  an  abundant  stream  of  sulphuretted  hydrogen  passed  through  the  solu- 
tion. The  precipitate,  which  may  contain  arsenic,  antimony,  bismuth,  le^id,  mercury, 
and  silver,  is  separated  by  filtration,  and  tlie  filtrate  is  boiled  till  all  free  sulphydric  acid  is 
removed.  The  liquid  is  now  to  be  rendered  alkaline  with  ammonia,  and  boiled ;  thn 
precipitate  of  iron  and  alumina,  which  generally  appears  in  this  place,  is  filtered  off; 
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pouu<!3  at  a  time,  is  then  placed  in  the  dish,  and  water  poured  orcr  to  eoTcr  the  salt. 
Heat  is  applied,  and,  in  the  course  of  a  few  hours,  the  whole  of  the  thallitxm  will  be 
reduced  to  the  state  of  a  metallic  sponge,  which  readily  separates  from  the  plAtes  of 
zinc  on  slight  agitation.  The  liquia  is  poured  oiF,  the  zinc  removed,  and  the  spongy 
thallium  washed  several  times.  It  is  then  strongly  compressed  between  the  fingers, 
and  preserved  under  water  until  it  is  ready  for  fusion.  In  this  manner  upwards  of  a 
hundredweight  of  metallic  thallium  may  be  reduced  in  the  course  of  twenty-four  hours. 
(Crookes.) 

The  metal  is  readily  obtained  in  the  coherent  form  by  fusing  the  sponge.  This  is 
most  conveniently  performed  under  cyanide  of  potassium  on  the  small  scale,  and 
under  coal-gas  when  working  with  large  quantities.  In  the  former  caite,  the  sponge, 
strongly  compressed  and  quite  dry,  is  broken  into  small  pieces,  which  are  dropt  one 
by  one  into  cyanide  of  potas-iiura  fused  in  a  porcelain  crucible.  They  instantly  melt, 
forming  a  briHi:\nt  metallic  button  at  the  bottom.  When  cold,  the  cjanide  of  potas- 
sium may  bo  dissolved  in  water,  when  the  thallium  will  be  left  in  the  form  of  an 
irreguljir  himp,  owing  to  its  remaining  liquid  and  contracting  after  the  cyanide  has 
solidifitd. 

On  the  largo  scale,  the  fusion  is  best  effected  in  an  iron  crucible.  This  is  placed 
over  a  gas-burner,  and  a  tube  is  arranged  so  that  a  constant  stream  of  coal- 
gas  may  flow  into  the  upper  part  of  the  crucible.  Lumps  of  the  compressed  sponge 
are  then  introduced,  one  after  the  other  as  they  molt,  until  the  crucible  is  full 
of  metal.  It  is  then  stirred  up  with  an  iron  rod,  and  the  thallium  may  either  be 
poured  into  water  and  obtained  in  a  granulated  form,  or  cast  into  an  ingot.  Thirty  or 
forty  fusions  have  been  performed  in  the  same  crucible  without  the  iron  being  acted 
upon  in  the  least  by  the  melted  thallium.     (Crookcs.) 

Acconling  to  Willm,  pure  thallium  is  best  obtained  by  heating  the  oxalate  in  a 
gliiss  tube,  the  metal  then  remaining  in  the  fused  state. 

Properties. — Thallium  is  a  perfect  metal,  with  high  metallic  lustre.  In  colour  it 
most  resembles  cadmium,  not  being  so  brilliantly  white  as  silver,  but  free  from  the 
blue  tinge  of  lead.  The  true  colour  can  scarcely  be  seen  by  cutting  or  Bcrnping  the 
surface,  as  it  tarnishes  too  quickly.  It  is  best  observed  by  scraping  the  metal  under 
water,  or  by  fusing  it  in  hydrogen,  and  allowing  the  molted  globule  to  flow  away  from 
the  dross.  When  fused  under  coal-gas,  the  liquid  metal  in  the  crucible  can  hardly  be 
<listinguishcd  from  mercury.  It  takes  a  very  high  polish  by  friction  with  appropriate 
materials,  under  water.  Thallium  tarnishes  at  ordinary  temperatures,  quickly  be- 
coming coated  with  a  film,  which  almost  entirely  protects  it  from  further  action  of  the 
air.  The  specific  gravity  of  thallium  varies  according  to  the  treatment  it  has  under- 
gone. A  lump  melted  and  slowly  cooled  under  cyanide  of  potassium  was  found  to 
have  a  density  of  ITSl,  increasing  by  strong  pressure  to  ITSS.  When  squeezed 
into  wire,  a  portion  was  found  to  have  a  density  as  high  as  11 '91.  Lamy  gives  it  as 
11-86.  De  la  Rive  states  it  to  be  11-85  after  fusion,  and  1180  after  being  </raim  into 
wire.  Thallium  is  the  softest  known  metal  admitting  of  free  exposure  to  the  air.  The 
finger-nail,  and  even  a  piece  of  lead,  scratch  it  re^idily.  It  marks  paper  hke  plumbago, 
forminu:  a  streak,  blue  at  first,  then  turning  yellow,  and  in  a  day  or  two  fading  nearly 
out,  Sulphide  of  ammonium  or  sulphuretted  hydrogen  will  at  any  time  temponirily 
restore  the  dark  streak.  Thallium  has  less  tenacity  than  lead,  and  does  not  become 
brittle  at  any  temperature  between  -  18°  C.  (0°  F.)  and  its  melting-point.  It  is  very 
malleable,  and  can  be  hammered  into  foil  as  thin  as  tissue-paper ;  its  hardness  is  not 
sensibly  increased  by  hammering.  It  can  be  drawn  into  wire  only  with  diflSculty,  but  it 
is  squeezed  into  wire  very  readily,  by  the  process  technically  known  as  "  squirting." 
Thallium-wire  is  almost  devoid  of  elasticity,  retaining  any  form  into  which  it  is  bent, 
with  scarcely  a  tendency  to  spring  to  its  original  position.  When  first  prepared,  the 
wire  appears  amorphous,  and  will  remain  so  if  kept  at  the  ordinary  temperature  in 
carbonic  anhydride,  or  in  petroleum  free  from  air.  In  water  it  gradually  becomes 
crystalline,  resembling  the  moirl  of  tinplate ;  this  effect  is  immediately  produced  when 
thallium  in  wire,  ingot,  or  plate,  tarnished  or  clean,  is  boiled  in  water. 

Thallium  is  a  very  crystalline  metal,  and  crackles  almost  as  much  as  tin  when  bent. 
When  several  pounds  of  it  are  fused,  and  allowed  to  cool  slowlj',  and  the  interior 
liquid  ponion  poured  off  from  that  which  has  solidified,  well-defined  crystals,  in  octa- 
hedrons and  fernlike  forms,  are  produced.  The  melting-point  of  thallium  is  290°, 
according  to  Lamy;  293*9°  according  to  Crookes,  who  determined  it  by  fusing 
about  two  pounds  of  the  pure  metal.  Thallium  does  not  become  pasty  before  melting ; 
it  expands  considerably  before  complete  fusion,  and  contracts  strongly  on  cooling. 
Two  pieces  of  the  metal  weld  together  under  strong  pressure  at  the  ordinary  tempera- 
ture, and  after  filling  the  steel  die  with  scraps  and  cuttings,  they  may  be  readily 
squeezed  into  a  solid  rod,  apparently  as  tenacious  as  when  obtained  by  fusion. 

The  most  characteristic  property  of  thallium  is  the  intense  green  colour  which  the 
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metals,  forming  a  readily  soluble  and  highly  alkiiline  protoxide,  a  Bolnble  and  alkaline 
carbonate,  an  insoluble  chloroplatinate.  and  a  thallio-aluminic  lulphate,  similar  in 
form  and  composition  to  common  potash-alnm.  In  most  res^iects,  howcTer,  it  is 
more  nearly  allied  to  the  heavy  metals,  especially  to  lead,  which  it  rpeembles  closely 
in  appearance,  density,  melting-point,  specific  heat,  and  electric  ccmdactiTitj.  Ito 
relationship  to  the  heavy  metals  is  farther  shown  by  its  high  atomic  we^it ;  the 
complexity  of  its  photc^raphic  spectrum,  which  contrasts  strongly  with  the  simplicity 
of  those  of  the  alkali-metals  (Miller)  ;  the  highly  poisonous  character  of  its  com- 
poucds ;  its  easy  reduction  from  solution  by  zinc;  the  production  of  a  brown  inso- 
luble peroxide  by  electrolytic  action  (p.  753);  the  complete  or  nearly  complete  insolu- 
bility of  its  sulphide,  phosphide,  iodide,  bromide,  chloride,  chromate,  and  phos^^ate. 
Thallium  differs  also  essentially  from  the  alkali-metals  in  the  slight  affinity  of  its 
protoxide  for  water,  this  oxide  not  only  being  non-deliquescent,  but  remaining  in  the 
anhydrous  state  when  its  aqueous  solution  is  evaporated  at  ordinary  temperatores  in 
a  vacuum  over  oil  of  vitriol.  The  argument  in  favour  of  its  relationship  to  the  alkali- 
metab^,  derived  from  the  formation  of  a  thallium-alum,  can  r.o  longer  be  considered 
valid,  now  that  a  silver-alum  of  similar  form  and  composition  has  been  shown  to 
exist  (p.  680). 

THAla^rUHKj  AXiZiOTS  OF.  These  compounds  have  not  been  much  studied. 
Wlien  thallium  is  projected  into  a  crucible  containing  melted  copper,  it  boils,  and  in 
great  part  volatilises,  some  however  uniting  with  the  copper.  By  repeated  additions  of 
thallium,  a  hard,  brittle,  white  alloy  may  be  formed.  With  a  still  smaller  qnanti^  of 
thallium,  the  mixture  is  gold-coloured ;  and  with  95  per  cent,  of  copper,  it  forms  a 
hard  button,  flattening  somewhat  under  the  hammer,  but  soon  cracking  at  the  edges. 
In  small  quantities,  tJkallium  appears  to  diminish  the  malleability  and  ductility  of 
copper.  Copper  prepared  in  Spain,  by  the  cementation-procese  already  described,  fre- 
quently contains  considerable  quantities  of  tliallium,  which  may  perhaps  acconnt  for 
its  pre-eminently  bad  quality. — With  lead,  thallium  melts  readily,  forming  a  malle- 
able alloy. — With  mercury  it  unites  easily,  forming  a  solid  crystalline  amalgam. — 
Platinum  and  thallium  unite,  with  incandescence.  When  a  piece  of  metallic  thallium  is 
placed  on  a  platinum-wire  loop,  and  held  in  the  flame  of  a  spirit-lamp,  the  two  metals 
rapidly  melt  together,  becoming  nearly  white  hot,  and  evolving  abundant  fumes  of 
thallium  ;  the  resulting  alloy  is  highly  crystalline,  very  hard,  and  almost  as  brittle  as 
glass.  The  most  convenient  way  of  obtaining  the  green  light  of  thallium  is  to  alloy  a 
platinum-wire  loop  in  this  manner.  When  this  loop  is  introduced  into  a  spirit-lamp, 
or  heated  before  the  blowpipe,  a  green  tint  of  extraordinary  splendour  is  communi- 
cated to  the  flame. — An  alloy  of  thallium  and  tin  is  easily  obtained  by  fusion  under 
cyanide  of  potassium,  or  coal-gas.  With  6  per  cent,  of  thallium,  the  alloy  is  perfectly 
malleable. 


OT,  The protobromide^  or  Thallioutbromide, 

TlBr,  is  formed  by  adding  thallium  to  bromine,  or  by  double  decomposition.  It  forms 
a  very  pale-yellow  precipitate,  fusible  below  redness,  and  is  intermediate  in  solubility 
between  the  chloride  and  iodide  (Lamy).  According  to  Willm  (Bull.  Soc  Chim.  1864, 
ii.  89),  it  is  nearly  insoluble  in  cold,  and  very  slightly  soluble  in  boiling  water.  In 
contact  with  bromine  and  a  small  quantity  of  water,  it  gradually  dissolves,  with  rise 
of  temperature,  to  a  liquid,  which,  when  evaporated  in  a  vacuum,  solidifies  to  a  pun- 
gent, yellow,  deliquescent,  crystalline  mass  of  impure  tribromide,  or  tkallic  bro- 
mide, TIBr*  (containing  rather  less  bromine  than  that  required  by  the  formula).  On 
mixing  the  aqueous  solution  of  the  tribromide  with  the  protobromide,  or  subjecting  it  to 
partial  reduction,  the  hot  liquid  yields  long,  siskin-yellow,  shining  needles,  appearing 
under  the  microscope  as  Quadratic  prisms,  and  consisting  of  the  dibromide^  Tl'Br*  — 
TlBr.TIBr*.  They  are  decomposcll  by  water  into  a  protobromide  which  separates, 
a  tribromide  which  remains  dissolved,  and  a  sesquibramide,  Tl*Br*  «=.  TlBr*.3TiBr, 
which  crystallises  in  translucent,  orange-red,  six-sided  laminae.  This  last  compound 
is  likewise  decomposed  by  treatment  with  water,  with  separation  of  protobromide. 
(Willm.) 

The  tribromide  forms,  with  bromide  of  ammonium,  a  double  salt,  NII*Br.TlBr*.5H*0, 
crj'stallising  in  long,  yellow,  transparent  needles,  which  easily  giveoff  their  wat^r  in  a 
vacuum.  A  concentrated  alcoholic  solution  of  the  tribromide  mixed  with  ammonia, 
yields  a  white  precipitate  of  the  compound  TlBr*.3NH*,  which  quickly  turns  yellow, 
and  is  easily  decomposed  by  water,  with  separation  of  black  sesquioxide  of  thallium. 
(Willm.) 

A  compound  of  thallic  bromide  with  ethylic  oxide,  2TlBr'.3(C*H*)'0,  is  produced  by 
adding  bromine  to  anhydrous  ether  in  which  metallic  thallium  or  the  protobromide  is 
suspended.  This  compound  dissolves  in  bromide  of  ammonium,  yielding  the  double 
salt  NH'Br'.TlBr*,  with  2  at.  and  3  at  water,  the  former  hydrate  crystallising  in 
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3T1«C1«  +  4NH*  «  6T1C1  +  3NH*C1  +  N. 
The  sesquichloride,  heated  in  a  stpeam  oi  sulphydric  acid  gas^  is  converted  intobla^ 
Biilphide  of  thallium,  with  evolution  of  hydrochloric  acid  and  Tolatiliaation  o^  sn^hnr. 
Its  aqueous  solution  yields,  with  sulphydric  acid,  a  slight  red  precipitate,  which  disap- 
pears on  boiling,  leaving  only  a  small  quantity  of  siUphur. — Sulphide  of  ammimiMtm 
or    potassium  produces    complete    precipitation.      (Hebberling,  Jahxeeb.    1865, 

p.  260.) 

I'iatinic  chloride  added  to  the  aqueous  solution  throws  down  thallions  chloroplati- 
nate,  2TlCl.PtCI*,  while  thallic  chloride  remains  in  solution.  (Werther,  ibid, 
p.  246.) 

Bichloride  of  Thallium,  TVCV  «  TICP.TICI,  is  fonned  by  carefully  heating 
<*ith<.r  thallium  or  the  protochloride  in  a  slow  current  of  chlorine,  the  resulting  chloride 
being  kept  liquid.  The  dichloride  is  pale-yellow,  rather  hygrometric,  and  decidedly 
more  fusible  than  the  sesquichloride.  It  is  reduced  to  sesquichloride  by  heat. 
(Lamy.) 

Trichloride  of  Thallium,  or  Thallic  Chloride,  TlCl*.— This  compound  is 
formed  by  dissolving  the  trioxide  in  hydrochloric  acid,  or  by  acting  upon  thallium  or 
a  lower  chloride  with  a  large  excess  of  chlorine  at  a  gentle  heat.  According  to  W  er- 
ther  (Jahresb.  1864.  p.  247),  it  is  most  easily  prepared  by  treating  thallium  or  the 
protochloride  with  chlorine-gas  under  water,  till  the  resulting  solution  is  no  longer 
precipitated  by  platinic  chloride.  The  solution  freed  from  excess  of  chlorine  by  a 
stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  yields  a  crystalline  mass 
composed  of  long  colourless  prisms  of  the  hydrated  trichloride,  TlCl'.H'O,  sometimes 
also  long  deliquescent  needles,  containing  2T1C1*.16H'0.  It  melts  easily,  and  decom- 
poses with  loss  of  chlorine,  the  residue  consisting,  according  to  Lamy,  of  the  sesqui- 
chloride; according  to  Werther,  of  mixtures  of  the  trichloride  and  protochloride. 

Trichloride  of  thallium  unites  with  the  chlorides  of  the  alkali-metals,  forming  colour- 
less crj-stallisable  double  salts,  which  easily  decompose  with  separation  of  thallic 
oxide  (Nick Us,  J.  Pharm.  [4],  i.  26).— The  ammonium-salt,  3NH*CLT1C1«.2H*0,  is 
produced  (with  simultaneous  formation  of  chloride  of  nitrogen)  by  passing  chlorine 
into  a  solution  of  thallious  chloride  containing  a  large  quantity  of  sal-ammoniac  ;  more 
readily  by  digesting  the  ethor-compound  of  thallic  chloride  {infra)  with  sal-ammoniac; 
it  then  separates  in  large  six-sided  tables,  belonging  to  the  trimetric  system,  easily 
soluble  in  water  and  in  alcohol  (NickUs).— The  |>o^a*nM»i-«a/<,  3KCl.TlCl.|fl«0, 
cr}'stallises  from  a  mixed  solution  of  the  component  chlorides  in  modified  cubes 
(Willm). — The  cupric  salt,  Cu''CP.2TlCl*,  separates  from  the  mixed  solution  of  its 
constituent  salts,  in  opaque  green  crj'stals,  simultaneously  with  colourless  transparent 
prisms,  which  have  not  been  examined.     (Willra.) 

A  compound  of  thallic  chloride  with  ethylic  oxide,  T1C1*.(C\H*)*0.HC1  +  H^O,  is 
obtained,  according  to  Nicklis  (Jahresb.  1864,  p.  2o2),  bypassing  chlorine  into 
anhydrous  ether,  in  which  metaUic  thallium  or  the  protochloride  is  suspended.  Two 
layers  of  liquid  are  then  formed,  the  lower  containing  the  ether-compound,  whidi 
remains  behind  on  evajwrating  the  product  at  100°  in  a  stream  of  carbonic  anhydride. 
It  dissolves  in  ether  and  in  water  containing  hydrochloric  acid,  decomposes  alkaline 
carbonates,  and  when  treated  with  an  excess  of  the  latter,  deposits  sesquioxide  of 
thallium.     With  sulphurous  acid  it  yields  protochloride  of  thallium. 

THAXiXirUZIC,  CTAlf  ZSS  OF.  Obtained  by  mixing  the  concentrated  solutions 
of  potassic  cyanide  and  thallious  carbonate,  or  by  neutralising  thallious  oxide  with 
prussic  acid  (Kuhlmann) ;  more  easily  by  mixing  strong  solutions  of  potassic  cyanide 
and  thallious  nitrate  (Crookes).  It  separates  in  shining  crystalline  plates,  not  very 
soluble  in  water.  When  heated,  it  decrepitates  and  melts  easily,  and  when  intensely 
heated  on  platinum-foil,  volatilises  without  reduction,  or  alloying  with  the  platinum. 

Ferroso-thallious  Cyanide,  or  Ftrrocyanide  of  Thallium,  precipitated  on  mixing 
ferrocyanide  of  potassium  with  thallious  nitrate,  forms  yellow  crystals,  slightly  soluble 
in  water. 

THAUZTTM,  BETBCTZOir  £Lm  BSTZMATZOV  OT.     1 .  Reactions  in 

the  Dry  Way. — The  behaviour  of  metallic  thallium  before  the  blowpipe,  and  the 

Peculiar  characters  of  its  spectrum,  have  been  already  described  (p.  746).  The  green 
ine  TIa  is  alone  suflBcient  to  distinguish  thallium  from  all  other  elements.  Thamum- 
salts,  when  ignited,  fjenerally  fuse  below  redness,  and  then  volatilise;  some  of  them, 
however,  as  the  sulphate  and  phosphnte,  will  stand  a  bright-red  heat  without  change ; 
the  chlorides,  on  the  other  hand,  distil  over  with  vapour  of  water.  On  charcoal 
before  the  blowpipe  they  volatilise,  communicating  an  intense  green  colour  to  the 
flame. 

2.  Reactions  in  Solution.— ^,  Thallious  salts  are  for  the  most  part  colour  has. 
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alcohol,  or,  if  this  is  inadmissible,  with  ammouiA.  It  is  then  dried  at  1 15®,  and 
weighed:  it  contains  49*40  per  cent,  thalliam.  (G.  Werther,  Zeitschr.  Anal.  Chem. 
iii.  1 ;  Jahresb.  1864,  p.  712.) 

Thalliam  may  also  bo  estimated  in  the  form  of  thai  lions  sulph  ate,  but  not  quite 
so  exactly  as  by  the  method  just  described.  The  sulphate  bears  a  dull  red  heat  with- 
out perceptible  volatilisation,  but  it  is  volatilised  at  a  bright-red  heat.  Thalliam  is 
very  completely  precipitated  from  solutions  of  thallium-salts  by  platinic  chloride  \ 
but  the  precipitated  chloroplatinate  is  troublesome  to  manage,  as  it  is  very  findy 
divided,  and  is  apt  to  run  through  the  filter  when  washed  with  water  or  with  alcohol. 
(Werther.) 

In  solutions  of  thallic  salts,  the  thallium  may  be  estimated  by  reducing  the  thallie 
to  thallious  salts  with  an  alkaline  sulphite,  and  then  precipitating  with  iodide  ofjpota^ 
sium  (Crookes),  or,  by  precipitating  the  thallium  with  ammonia^  assesquioxide, 
and  collecting  the  precipitate  on  a  weighed  filter.  The  separation  of  thallious  from 
thallic  salts  may  be  efifected — at  least  in  the  case  of  the  chlorides  or  sulphates, — ^by 
first  precipitating  the  sesquioxide  with  ammonia,  and  then  throwing  down  the  re- 
maining portion  of  thallium  from  the  hot  dilute  filtrate  by  iodide  of  potaasiom 
(Werther).  The  separation  may  also  be  effected  by  platinic  chloride,  which  precipi- 
tates only  the  thallious  salt. 

The  method  of  precipitation  with  iodide  of  potassium  serves  also  to  separate  thallium 
from  most  other  metals,  the  solution  being  first  mixed  with  an  alkaline  sulphite  to 
ensure  the  reduction  of  any  thallic  salt  that  may  be  present  to  the  state  of  thallioos 
salt.  If  copper  is  present,  the  iodide  of  potassium  will  throw  down  caprons  as  well  as 
thallious  iodide ;  but  by  treating  the  washed  precipitate  with  ammonia,  in  contact  with 
ithe  air,  the  copper  will  bo  dissolved  out,  and  the  thallium  will  remain  as  thallious 
iodide.  The  separation  of  copper  from  thallium  may  also  be  effected,  though  not  so 
exactly,  by  precipitating  the  copper  with  sulphuretted  hydrogen  in  an  acid  solution. 
The  same  method  serves  also  to  separate  thallium  from  lead  and  silver.  The  pre- 
cipitated sulphides  are  apt,  however,  to  carry  down  small  quantities  of  thallium- 
sulphide. 

Small  quantities  of  thallium  often  occur  in  bismuth  minerals  and  preparations  made 
from  them,  especially  the  carbonate.  To  detect  the  thallium,  the  dilute  solution  of  the 
subst^ince  is  mixed  with  a  slight  excess  of  sodium-carbonate,  and  a  small  quantity  of 
potassium-cyanide,  then  gently  warmed  and  filtered.  If  the  bismuth-compound  con- 
tained only  1  pt  of  thallium  in  100,000,  the  addition  of  a  few  drops  of  ammonium- 
sulphide  will  produce  a  dark- brown  precipitate  of  thallium -sulphide,  which  gradually 
collects  together,  and  may  be  further  examined  by  the  spectroscopic  method.  From 
carbonate  of  bismuth,  thallium  may  be  easily  dissolved  out  by  digestion  ¥rith  cyanide 
of  potassium,  less  completely  with  carbonate  of  sodium.     (Crookes.) 

Volumetric  Estimation. — Thallium  may  be  estimated  volumetrically  with  perman- 
ganate of  potassium  in  the  same  manner  as  iron.  For  this  purpose  it  must  be  in  the 
state  of  thallious  chloride,  or  of  a  thallious  ox^'gen-salt  mixed  with  hydrochloric  acid, 
and  tho  solution  must  not  contain  more  than  1  gramme  of  thallium  in  500  c.c ;  the 
permanganate-solution  should  also  be  more  dilute  than  for  tho  estimation  of  iron.  The 
titration  of  the  permanganate  may  be  made  with  pure  iron,  with  thallium,  or  with  a 
thallious  salt  (the  alum,  for  example);  2  at.  iron  (112  pts.),  correspond  to  1  at. 
thallium  (204  pts.),  inasmuch  as  the  protochloride  TlCl  is  converted  by  oxidation  into 
the  trichloride  TlCl',  so  that  1  at.  tnallium  takes  up  the  same  quantity  of  oxygen 
as  2  at.  iron.  The  solution  of  the  thallious  salt,  diluted  as  above  mentioned,  is  mixed 
with  a  few  drops  of  hydrochloric  and  a  few  drops  of  sulphurous  acid,  and  heated  to 
the  boiling-point  to  expel  the  latter ;  then  left  to  cool,  and  mixed  with  the  permanganate. 
(Willm,  Zeitschr.  Ch.  Pharm.  1863,  p.  479 ;  Jahresb.  1863,  p.  689.) 

4.  Atomic  Weight  of  Thallium. — Lamy,  by  decomposing  the  sulphate  with 
nitrate  of  barium,  and  the  chloride  with  nitrate  of  silver,  obtained  numbers  varying 
between  203*5  and  204*6 ;  mean,  204*2.  Crookes  found,  as  a  mean  of  five  experi- 
ments, the  number  202*96.  Werther  also  estimates  it  at  somewhat  lower  than  204, 
namely,  about  203*5  or  203*7.     The  number  204  is,  however,  generally  adopted. 

THAXiXiZUBE,  r&VOBZBBS  OF.  Thallium  forms  two  fiuorides,  TIF  and 
TIF*. — Metallic  thallium  is  but  slowly  attacked  by  hydrofluoric  acid.  The  carbonate, 
however,  dissolves  easily  in  the  acid,  and  the  solution  depositis  thallious  fluoride^ 
in  white  hydrated  crystals  derived  from  an  oblique  rhombic  prism,  with  adamantine 
facets;  they  are  not  altered  by  light.  On  heating  these  crystals,  the  anhydrous 
fluoride,  TIF,  volatilises  as  a  white,  crystalline,  anhydrous  mass,  which  blackens  liko 
chloride  of  silver  on  exposure  to  light.  Thallium-fluoride  forms  an  acid  solution,  even 
after  repeated  crystallisation.  The  crystallised  compound  decomposes  slowly  on  expo- 
sure to  tho  air,  giving  off  hydrofluoric  acid  (Fr.  Kuhlmann,  Bull.  Soc.  Chim.  [1864], 
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saturated  solution  is  10377  (Crookes).  Tho  solution  has  a  slightlj  caustic, 
metallic  taste  and  alkaline  reaction,  which  is  not  completely  removed  hj  sopersatora- 
tion  with  carbonic  acid.     (Crookes;  compare  "Wert her,  Jahresb.  1864,  p.  249.) 

Chloratk.  TICIO*. — Prepared  by  dissolving  thallium  in  chloric  acid,  or  by  mixing 
the  saturated  solutions  of  potassium-chlorate  and  thallious  nitrate.  It  is  sparingly 
soluble  in  water,  and  crystallises  in  long  anhydrous  needles.  Its  solution,  when 
heated,  turns  yellow,  and  gives  off  oxj'gen-compounds  of  chlorine ;  and  the  liquid, 
evaporated  to  a  syrup,  deposits  small,  brilliant,  colourless  crystals,  which  are  instantly 
decomposed  by  water,  alcohol,  or  ammonia,  with  formation  of  brown  thallic  oxide. 
(Crookes.) 

Chbomatrs. — Thcnmtral  salt,  TlCrO*  orTl'O.Cr'O*,  is  a  pale-yellow  precipitate, 
obtained  by  adding  yellow  chromate  of  potassium  to  a  neutral  solution  of  a  thallioos 
salt,  rendered  slightly  alkaline  by  ammonia.  It  is  very  sparingly  soluble  in  water. — 
The  dichromate,  Tl'0.2Cr*0»  =  2TlCrO'.Cr20',  is  obtained  as  an  orange-yellow  preci- 
pitate, on  adding  dicliromate  of  potassium  to  a  neutral  thallious  salt  (Crookes). 
According  to  WiUm,  it  is  deposited,  in  microscopic  orange-yellow  ciystals,  firoma 
solution  of  the  neutral  salt  in  boiling  dilute  sulphuric  acid. 

By  i)oiling  either  of  the  preceding  salts  with  moderately  strong  nitric  acid,  a  solu- 
tion is  obtained,  which  on  cooling  deposits  cinnabar-coloured  crystals,  probably  consist- 
ing of  the  trichromate,  TPO.SCr'O',  or  TlCrO«.Cr*0«.  They  are  very  sparingly  soluble 
in  water,  100  pts.  of  water  dissolving  only  0*0354  pts.  at  15-5®,  and  0*2279  pts.  at 
lOO*'  (Crookes).— A  sesquichro/nate,  2Tl*0.3Cr^O»  or  4TlCrO«.Cr«0»,  separates  from 
a  solution  of  tho  neutral  salt  in  moderately  concentrated  sulphuric  acid.     (Wi  11m.) 

All  tho  chromates  of  thallium  are  decomposed  by  strong  hydrochloric  acid,  with 
evolution  of  chlorine,  and  formation  of  soluble  chromic  and  thallious  chlorides:  on 
treating  them  with  hydrochloric  acid  and  alcohol,  the  whole  of  the  thallium  is  septfirated 
as  insoluble  protocbloride,  while  chromic  chloride  passes  into  the  solution.  Sulphate 
of  sodium  likewise  separates  the  whole  of  the  thallium  as  protochloride.   (Crookes.) 

CiTBATE,  C*H*T1*0'. — Very  deliquescent ;  crystallises  with  difficulty;  soluble  in 
alcohol.     (Ku  hi  maun.) 

Cyanatk. — Precipitated  on  mixing  the  alcoholic  solutions  of  potassium-cyanate 
and  thallious  acetate,  in  small  brilliant  plates,  very  soluble  in  water,  slightly  soluble 
in  alcohol.     (Kuhlmann.) 

Foemate,  CHTIO*. — Prepared  by  dissolving  the  carbonate  in  formic  acid.  It  is 
very  soluble  in  water,  and  melts,  without  decomposition,  below  100®.  (Kuhl- 
mann.) 

HYPOSCLPHATBorDiTHiONATE,  Tl^S*0«. — Very  soluble  in  water,  from  which 
it  separates  in  vitreous  tabular  crj'stals,*  probably  isomorphous  with  the  corresponding 
potassium-salt.     ("Wert  her.) 

Uyt osv j.TniTE.—Sodio-thaI/iov8  hyposulphite,  3Na-S«0*.2Tl*S*0»,  obtained  by 
dissolving  thallious  chloride  in  a  boiling  solution  of  sodic  hyposulphite,  crystallises  in 
long,  silky,  interlaced  needles,  containing  10  at.  water;  or  from  a  small  quantity  of 
water  in  small  grains,  the  quantity  of  crystallisation-water  in  which  has  not  been 
determined.  At  a  red  heat  it  is  resolved  into  sulphide  and  sulphate  of  sodium,  and 
fused,  brightly  glowing  sulphide  of  thallium.     (W  e  r  t  h  e  r.) 

loDATE,  TlIO*. — Precipitated,  on  mixing  iodide  of  potassium  with  nitrate  of  thal- 
lium, as  a  white  powder,  slightly  soluble  in  cold,  more  easily  in  warm  water.  (Oet- 
tinger.) 

Mal ATE.— Deliquescent;  crystallises  with  difficulty ;  melts  below  100°.  (Kuhl- 
mann.) 

MoLYBDATB,  TlMoO«,  or  TPO.Mo'O'.-Obtained  by  double  decomposition  with 
molybdate  of  sodium  and  nitrate  of  thallium,  and  separates  in  nacreous  scales,  which 
dissolve  sparingly  in  pure,  easily  in  ammoniacal  water.  (Oettinger,  Zeitschr.  Ch, 
Pharm.  1864,  p.  440.) 

NiTBATE,  T1N0».— Crystallises  from  a  solution  of  thallium  in  nitric  acid,  in  dull 
white  needles,  which  melt  at  206^,  with  separation  of  a  small  quantity  of  thallic  oxide. 
The  salt  thus  purified  gives  no  precipitate  with  ammonia.  It  has  a  specific  gravity  of 
6*8,  is  insoluble  in  alcohol,  but  soluble  in  water,  the  saturated  solution  containing  9*7 
per  cent,  of  the  salt  at  18°,  437  per  cent  at  68°,  and  55  per  cent,  at  100°  (Crookes). 
The  crystals  are  trimetric,  exhibiting  tho  several  combinations  oof «  .  P;  oop  .  P  . 
2P2;  ooPoo  .  Poo  .P.2P2;  ooPoo  .  ooP  .  <»t2  .  P  .  2^2;  oot^oo  .Poo  .  <xP  . 
<»P2.P.2P2.  Angle  ooPoo  :  Poo  =  141°  51-9';  ool'oo  :  ooP  =  117°  3  7';  P« 
:pQo  (macr.)  «  76°  16';  P  :  P  (brach.)  =  130°  13';  P:  P  (niacr.)  «  86°  15-2'; 
P:P  (basal)   »    110°  5'.     No  distinct  cleavage.     Tho  index  of  refraction,  for  tho 
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confused  noodles,  which  are  decomposed  by  water,  with  separation  of  a  white  pf«cipi- 
tato.  The  anhydrous  dithallious  orthophosphat^  (3)  yields  the  pyrophosphate  with 
different  properties — namely,  as  an  opaque  crystalline  mass,  whose  solution  yields,  hy 
evaporation,  large  prisms  which  are  likewise  decomposed  by  pure  water.     (Ijamy.) 

Pic  RATE,  C*II^T1(N0^)'0. — Soluble  in  water,  nearly  insoluble  in  alcohol;  crystal- 
lises, like  the  potassium-salt,  in  yellow  needles,  which  have  a  silky  lustre,  and  deto- 
nate Ktrongly  when  heated.— The  picramate,  C«HT1(NH«)(N0»)*0,  is  a  black-wd 
crystalline  precipitate,  nearly  insoluble  in  alcohol,  and  separating  from  boiling  water 
in  small  regular  crystals.     (F.  Kuhlmann,  Jun.)  • 

Racehatb  or  Paratartrate,  C*H*T1*0*. — Very  soluble  in  water;  forms 
groups  of  crystals  apparently  belonging  to  the  dimetric  system.     (Kuhlmann.) 

Sklenates  and  Sblbnitbs. — See  pp.  229,  231. 

Sulphates. — Seep.  614. 

Tartrates. — See  p.  680. 

Tu  NO  state. — 'White  powder,  sparingly  soluble  in  water;  obtained  like  the  molyb- 
date.     (Oettinger.) 

Urate. — Obtained  by  double  decomposition ;  almost  insoluble  in  water.  (Kuhl- 
mann.) 

Valerate,  C*H*T10. — Very  soluble  in  water  and  in  alcohol;  resembles  the 
acetate.     (Kuhlmann.) 

/B.  ITudUc  Salts, 

Acetate,  TP0«.C;H«0».3H«0,  or  T1"'(C«H*0«)».2T1';'H»0«.§H«0.--Cry8tallise8  by 
spontAneous  evaporation  of  a  solution  of  tliallic  oxide  in  strong  acetic  acid  prepared 
at  the  boiling  heat,  in  colourless  plates  belonging  to  the  rhombic  system  (sometim^i 
accompanied  by  small  prismatic  crystals,  probably  of  thallious  acetate).  These 
crystals,  when  exposed  to  the  air,  quickly  turn  brown  on  the  surface ;  and  are  docom- 
pobed  more  quickly,  at  a  gentle  heat,  into  acetic  acid  and  thallic  oxide,  the  decomposi- 
tion being  nearly  complete  at  100°.  The  salt  is  also  immediately  resolved  into  its 
constituents  by  water.     (Willm.) 

Arsenate,  Tr'AsO*.2H'0. — Obtained,  like  the  phosphate,  as  a  lemon-yellow 
gelatinous  precipitate,  soluble  in  hydrochloric  acid.  Ammonia  added  to  the  solution 
throws  down,  first  a  bulky  crystalline  salt,  which  appears  to  differ  from  the  preceding 
by  its  amount  of  crystallisation-water;  on  further  addition,  a  yellow  dithallic  salt,  and 
finally  a  brown  precipitate.     (Willm.) 

Nitrate,  Tr'(NO*)*,  separates  from  a  concentrated  solution,  in  colourless  well- 
defined  crystals  containing  3  at.  water  (Strecker),  4  at.  (Willm).  The  salt 
decomposes  at  100^,  with  separation  of  brown  thallic  oxide. 

Oxalate,  C*T1*0". — Obtained  (mixed  with  thallious  salt)  as  a  white  crystalline 
powder,  nearly  insoluble  in  water,  by  heating  thallic  oxide  with  aqueous  oxalic  acid 
or  by  precipitating  a  solution  of  a  thallic  salt  with  oxalic  acid.     (W  illmu) 

Ammonio-thallic  oxalate^  C'T1"'(NH*)0".3H*0,  is  formed,  on  mixing  thallic  sulphate 
with  ammonium-oxalate,  as  a  white  precipitate,  quite  insoluble  in  cold  water,  and 
converted,  by  boiling  with  water,  into  thallious  salt,  with  evolution  of  carbonic  anhy- 
dride ;  when  ignited  it  leaves  fused  metal.     (Strecker.) 

Phosphate,  TrT0*.2n*0.  Separates,  on  diluting  the  solution  of  the  nitrate  mixed 
with  phosphoric  acid,  "  as  a  gelatinous  precipitate,  having  a  crys«^alline  aspect."  It  is 
insoluble  in  water,  but  dissolves  in  strong  nitric  and  dilute  hydrochloric  acid. 
Ammonia  added  to  the  latter  solution  throws  down  a  green  basic  salt,  T1H)'.2T1''T0*. 
6H*0 ;  aftei'wards  brown  thallic  oxide. 

Sulphate,  already  described  (p.  614). 

TBAZiXirimff,  FH08PBZBB  OF.  Phosphoretted  hydrogen  passed  through 
an  ammoniacal  solution  of  thallious  sulphate,  precipitates  phosphide  of  thallium,  as  a 
black  insoluble  powder  permanent  in  the  air  at  ordinary  temperatures. 

TKAXAZmC,  8BZiXirzi>B  OF.  Tl-Se. — Obtained  as  a  greyish-black  mass,  by 
fusing  the  two  elements  together  in  equivalent  proportions  (Lamy).  By  passing  selenhy- 
dric  acid  gas  into  a  solution  of  thallious  carbonate,  the  same  compound  is  precipitated 
in  grey  shining  laminae,  which  turn  black  on  drying.  It  melts  at  340°,  and  gives  off 
selenhydric  acid  when  treated  with  sulphuric  or  hydrochloric  acid.  (Kuhlmann, 
Jahresb.  1864,  p.  253.) 

TBA^ZiZUMv  SUXiFBZBB  OF.  Tl^S. — This  compound  is  precipitated  from 
all  thallious  salts  by  sulphide  of  ammonium,  and  from  the  acetate,  carbonate,  or 
oxalate  by  sulphydric  acid  (incompletely  also  from  the  nitrate,  sulphate,  or  chloride). 
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Thallinm-ethylate,  when  heated,  gires  off  hydiog«n  slightly  at  130^,  regularly 
between  170^  and  180°,  alcohol  distilling  over  at  the  same  time,  t.hAl|inin  being  de- 
posited in  shining  laminse,  and  a  strongly  alkaline  residue  being  left  oontainiiig  thai- 
lious  carbonate  and  acetate.  Above  200°,  carbonic  oxide  and  carbonic  dioxide  are 
given  off,  together  with  small  quantities  of  acetone  and  acetic  acid.  Thallium-ethylate 
decomposes  when  exposed  to  the  air,  and  still  more  quickly  in  contact  with  water, 
yielding  alcohol  and  thallious  hydrate.  On  keeping  it  (best  under  a  layer  of  absolote 
alcohol),  the  sides  of  the  vessel  become  gradually  coated  with  black  thallions  oxide. 
When  set  on  fire  by  the  flame  of  a  candle,  it  bums  with  a  green,  sli^^tly  Imninous 
flame,  leaving  black  thalHc  oxide  and  metallic  thallium. — Potasgium  and  aodittm 
slowly  separate  metallic  thallium  from  it,  but  it  is  not  decomposed  by  iron,  zinc,  lead, 
or  even  by  the  electric  current. — With  sulphuric  or  hydrochlorie  acid,  it  yields  aloohol 
and  a  thallious  salt;  dry  carbonic  dioxide  unites  directly  with  it,  formiqg  a  white  solid 
body,  which  is  resolved  by  heat  into  metallic  thallium  and  empyreumatic  products. 
When  thai lium-ethy late  is  suddenly  mixed  with  carbonic  disvlphuie,  a  violent  action 
takes  place,  resulting  in  the  formation  of  a  black  sulphur-compound;  but  if  the  thai- 
lium-cthykte  be  slowly  dropt  into  the  carbonic  disulphide,  a  bulky,  yellowish,  gelati- 
nous mass  is  formed.     (La my.) 

Thallium-methylate,  CH'TIO,  is  formed,  in  small  quantity  only,  by  the  process 
which  yields  the  ethyl-compound,  but  it  is  very  easily  obtained  by  treating  ethylate  or 
amylate  of  thallium  with  excess  of  methylic  alcohol.  Considerable  rise  of  temperatnrs 
then  takes  place,  and  metbylate  of  thallium  separates  as  a  white  solid  lubstaBoe, 
which,  by  fusion  and  cooling  under  the  liquid,  may  be  crystallised  in  thick  oblique 
prisms.  When  quickly  pressed  between  filter-paper,  and  dried  in  a  vacumn  in  contact 
with  a  few  lumps  of  sodium,  it  forms  a  white  solid  mass,  alterable  in  contact  with  the 
air,  about  five  times  as  heavy  as  water,  slightly  soluble  in  methylic  aleohoi  and  in  etJker, 
somewhat  more  soluble  in  chloroform.  When  heated,  it  gives  off  a  large  quantity  of 
carbonic  oxide,  together  with  hydrogen  and  methylic  alcohol ;  and  when  set  on  fire,  it 
bums  with  a  flame  strongly  tinged  with  green. 

On  thallium -phenylaie,  see  p.  755  ;  on  the  compounds  of  ihallioua  chloride  euA  bromide 
with  ethers,  pp.  747,  748. 

TBAXAZ17BI«OXiA8S«  By  substituting  thallium  for  lead,  or  for  potassium,  in 
the  preparation  of  flint-glass,  glasses  are  obtained  of  great  density  and  refracting  power. 
By  fusing  together  300  pts.  of  sand,  200  of  minium,  and  333  carbonate  of  thalhum,  a 
perfectly  homogeneous  glass  was  obtained,  having  an  agjreeable  yellow  tint,  and  rerj 
brilliant.  Its  density  was  4'233,  and  its  index  of  refraction  (for  the  yellow  ray)  1*71 ; 
it  is  therefore  denser  and  more  refractive  than  any  glass  hitherto  known.  By  altering 
the  proportions  of  thallium,  glasses  have  been  obtained,  varying  in  densi^^  from  4'235 
to  5025,  and  having  indices  of  refraction  ranging  from  1*71  to  1*965.  Hjamy,  BulL 
Soc.  Chim.  [1866],  i.  164.) 

TBAXiZiZirM-TBKAJICZWB.  NTl'^*.— Thallic  oxido  dissolves  in  sal-ammo- 
niac at  the  boiling  heat,  and  the  cold  concentrated  solution  yields  with  ammonia  a 
heavy  white  precipitate,  consisting  of  T1CR3NH',  or  probably  hydrochlorate  of  tkal- 
lium-triamine,  N'T1'^*.3HC1.  It  is  decomposed  by  water,  yielding  thallic  oxide  and 
sal-ammoniac : 

2(TIC1».3NH«)  +   3H*0     =     TPO»  +   6NH*a. 

When  heated  in  a  sealed  tube,  it  is  resolved  into  ammonia,  an  ammoninm-salt,  and  a 
chloride  of  thallium,  probably  TiH)l'.  Its  solution  in  hydrochloric  acid  yields  cubic 
or  octahedral  crystals  of  the  double  salt,  3NH*C1.T1C1'.  (Willm,  Jahzesb.  1863, 
p.  251;  1864,  p.  251.) 

VSUkXIMCBlMUMm  A  name  applied  by  Knop  and  Schnedermann(Ann. 
Ch.  Pharm.  Ivi.  147,  154)  to  the  green  colouring-matter  of  lichens,  which  they  regard 
as  different  from  ordinary  chlorophyll. 

TBASAWBZTB.    Syn.  with  BirrsB  Spab  (i.  600). 

TKaSAXWa.  C'»H«»NO«.  Paramorphine,  (P  e  1 1  e  t  i  e  r,  J.  Pharm.  nd.  569.— 
Gouerbe,  Ann.  Ch.  Phys.  [2],  lix.  155. — Kane,  Ann.  Ch.  Pharm.  xix.  9. — Ander- 
son, ibid.  Ixxxvi.  179.) — An  organic  base  existing  in  opium.  It  was  discovered  in 
1835  by  Pelletier,  who  obtained  it  by  treating  the  extract  of  opium  with  milk  of  lime 
in  excess,  washing  the  calcareous  precipitate  with  water,  and  exhausting  it^  aft^r 
drying,  with  boiling  alcohol.  The  alcoholic  solution  leaves  on  evaporation  a  residue, 
from  which  thebaine  may  be  dissolved  out  by  ether. 

Anderson  obtains  thebaine  from  the  mother-liquors  of  the  preparation  of  narcotine. 
The  alcoholic  liquor  from  which  the  first  strongly-coloured  crystals  of  narcotine  have 
been  deposited,  yields  by  evaporation,  an  amorphous  residue  consisting  of  a  lar^ 
quantity  of  resin,  a  little  narcotine,  and  all  the  thebaine  contained  in  the  opium.  This 
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THEN  ARDITE— THEOBROMINE. 

Native  anhydrous    sulphate  of  sodium.      (See   Suxphates 


t; 

p.  610.) 

VHWaHAMJyB  8&VB.  A  blue  colour  prepared  by  igniting  a  mixture  of  cobalt 
phosphate  or  arsenato  and  alumina.     (See  Phosphates,  iv.  500.) 

TBE08R0MA.  See  Cacao  (i.  700).— The  ash  of  several  parts  of  the  cacao- 
tree,  from  the  plantations  of  Manado,  in  Celebes,  has  been  examined  by  Boat  van 
Tonningen  (R^p.  Chim.  app.  ii.  261),  with  the  following  results  : 


Ash  per  cent,  of  the  dried  substance  (?  at  lOO*') 
Composition  of  the  ash  : 

Silica   ........ 

Sulphuric  anhydride 

Chlorine 

Phosphoric  anhydride 

Lime    ........ 

Magnesia      ....... 

Carbonate  of  calcium 

Carbonate  of  sodium 


Bark. 

Learea. 

Fruir. 

Seed. 

12-86 

14-58 

13-34 

3-87 

34-60 

4265 

trace 

099 

4-85 

10-22 

3-50 

4-30 

0-63 

0-25 

0-30 

0-45 

2301 

5-21 

714 

3818 

11-65 

14-38 

3-76 

1-94 

4-56 

619 

3-21 

trace 

19-63 

20-13 

69-70 

44-44 

trace 

trace 

8-66 

7-83 

98-83 

9903 

96-27 

98-13 

I 

CH^N^O*.  (Woskresen.sky,  Ann.  Ch.  Pharm.  [1841], 
xli.  V2f}. — Glasson,  ibid.  Ixi.  335. — Keller,  i^irf. xcii.  71. — Rochleder,  ibid.  xxi. 
9;  Ixxxix.  124. — Strecker,  ihid.  cxviii.  151.) — An  organic  base  existing  in  cacao- 
beans.  To  prepare  it,  the  beans  are  treated  with  water  for  some  time  at  the  heat  of  the 
water-bath  ;  the  solution  is  strained  through  linen,  and  carefully  precipitated  by  neu- 
tral acetate  of  lend ;  the  precipitate,  which  is  abundant,  is  separatea  by  filtration ; 
and  the  filtered  liquid  is  freed  from  excess  of  lead  by  sulphuretted  hydrogen.  The 
filtrate  then  yields  by  evaporation  a  brown  residue,  which  is  boiled  with  alcohol,  and 
filtered  at  the  boiling  heat ;  the  liquid,  on  cooling,  deposits  a  reddish-white  crystalline 
powder,  which  is  obtained  colourless  by  repeated  crystallisation  (Woskres ens ky; 
Glasson).  Keller  heats  the  theobromine,  obtained  as  above,  between  two  watdi- 
glasses,  whereby  a  small  quantity  of  charcoal  is  separated,  and  a  dazzling  white  sub- 
limate formed. 

Properties. — Theobromine  is  a  colourless  crystalline  powder,  composed  of  microsco- 
pic trimetric  crystals,  exhibiting  the  combination  oor2  .  P,  and  arranged  in  club- 
shaped  groups  (Keller).  It  tastes  very  bitter,  but  the  flavour  is  very  slowly 
developed.  Sublimes,  without  decomposition,  between  290*^  and  295®.  Its  composition 
18  shown  by  the  following  analyses  : — 


Caicttlalion. 

Woskrescnsky. 

Glawon. 

Ketler. 

c»     . 

.     84              46-67 

46-33 

47-13 

46-28 

H"     . 

.       8               4-44 

4-55 

4-60 

4-80 

N«      . 

.     56             31-11 

35-38 

31-27 

30-86 

0«      . 

.     32             17-78 

13-74 

1700 

1806 

CH-N'O* 

.  180           10000 

10000 

10000 

10000 

Theobromine  is  sparingly  soluble  in  hot  water,  still  less  soluble  in  alcohol  and  in 
ether.  The  aqueous  solution  forms,  with  mercuric  chloride,  a  white  crjrstalline  precipi- 
tate*, slightly  soluble  in  water  and  in  alcohol.     (Woskresensky.) 

Decompositions. — 1.  Theobromine  heated  with  peroxide  of  lead  and  dilute  sulphuric 
acid,  gives  off  carbonic  anhydride,  the  decomposition,  when  once  begun,  going  on  with- 
out further  application  of  heat;  and  if  the  right  quantity  of  peroxide  of  lead  be  added, 
and  the  heating  not  too  long-continued,  there  is  obtained,  after  separating  the  sulphate 
of  lead  by  filtration,  a  transparent  colourless  liquid,  which  gives  off  ammonia  when 
treated  with  potash,  separates  sulphur  from  sulphuretted  hydrogen,  colours  the  skin 
purple-red,  and  immediately  turns  blue  when  treated  with  magnesia.  An  excess  of 
magnesia  destroys  this  colour,  which  may,  however,  bo  restored  by  cautious  addition  of 
sulphuric  acid.  The  liquid,  mixed  with  excess  of  magnesia,  becomes  reddish,  and  gives 
off  ammonia  during  evaporation  to  dryness;  boiling  alcohol  extracts  from  the  residue 
a  body  which  crystallises  from  the  solution  in  rhombic  prisms,  is  soluble  in  alcohol, 
has  an  acid  reaction,  and  does  not  precipitate  chloride  of  mercury,  nitrate  of  silver,  or 
tetrachloride  of  platinum.     (Glasson.) 
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THERMOMETER. 


A  bulb  18  now  to  be  formed  by  sealing  and  softening  the  tube  at  one  end,  in  the 
blowpipe-flame,  and  then  forcing  dry  air  in  by  means  of  a  small  elastic  bottle  fixed  to 
the  open  end,  and  compressed  by  the  fingors.  Much  skill,  of  course,  is  required  in  this 
operation,  and  the  ultimate  character  of  the  instrument  will  vary  with  every  particular 
manner  of  heating  the  glass. 

The  form  of  the  bulb,  too,  is  a  matter  for  much  consideration.  Ita  capacity  must 
have  such  a  ratio  to  the  capacity  of  the  tube,  that  the  degrees  may  be  long  enough  to 
read  with  the  required  precision,  and  not  much  longM*.  Thus,  thermometers  intended 
to  show  the  -^j  of  a  degree  ( Fa hr.),  should  have  degrees  not  less  than  ^  inch  in  length. 

The  required  capacity  of  the  bulb 
Fig.  799.  Fig.  800.  Fig.  801.  Fig.  802.  Fig.  803.  may    be    calculated   as    afterwards 

shown.     The  ordinary  shape  of  the 


\ 


r 


U 


\ 


y 
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bulb  is  spherical  (Jig.  790),  and  this  is 
the  best  suited  to  bear  the  pressure 
of  the  atmosphere  without  shrinking. 
But  an  elongated  bulb,  either  pear- 
shaped  (Jigs.  800  and  801),  or  tubu- 
lar (figs.  802  and  803),  exposes  a 
much  larger  surface  for  the  conduc- 
tion of  heat,  in  proportion  to  its 
capacity,  and  is  therefore  favourable 
to  sensitiveness.  A  bulb,  too,  of  no 
greater  diameter  than  the  tube,  is 
less  liable  to  be  broken,  and,  for 
chemical  purposes  especially,  is  convenient  and  neat.  The  thickness  of  the  glass  is  an 
important  point ;  if  too  thin,  it  may  yield  to  the  atmospheric  pressure,  so  as  to  z^ise 
the  zero  of  the  instrument ;  if  too  thick,  the  instrument  will  be  insensitive.  In  all 
these  points  a  thermometer  should  be  specially  adapted  to  its  intended  employment. 

Extremely  sensitive  and  yet  exact  thcr- 
J^ig.SO^.  Iftg.^Ob.  J^lg.bOQ.  xnometers  have   lately  been  prepared  by 

nvpi  the  best  London  makers.     In  these,  either 

I  rih       the  bore  of  the  tube  is  very  minut«,  and 

the  bulb  consequently  small  (as  iny^.  804), 
or  the  bulb  is  made  to  contain  much  mer- 
cury, and  shaped  into  a  long  cylindrical 
tube,  bent  into  some  convenient  form,  as  in 
the  Gridiron  thermometer  of  Negretti  and 
Zambra  (fig.  805).  In  fio.  806  is  shown 
a  suggestion  of  Mr.  Beckfey,  of  the  Kew 
Observatory,  for  increasing  the  surface  of 
thermometer-bulbs  without  impairing  their 
inflexibility.  The  mercury  is  contained 
between  two  concentric  glass-cylinders,  of 
which  the  inner  one  is  open  at  the  bottom. 
tilJivg  the  Tk^^*.— The  following  is  the  most  perfect  mode  of  filling  the  ther- 
mometer with  mercury:— A  sufficient  length  of  the  tube,  a  h,  is  marked  off  to  form 
the  stem  of  the  thermometer,  and   a  second  bulb,  rather  larger  than  the  first,  is 

Tp.     crt-  roughly  blown  at  h.     When  the 

^^^'  **"'•  bulb  is  half-cooled,  the  open  end 

of  the  tube  is  held  in  pure  and 
well-boiled  mercury,  whichgradu- 
ally  rises  into  the  first  bulb.  By 
inverting  the  position  of  the  tube, 
and  alternately  heating  and  cool- 
ing the  lower  bulb  (a),  suflicient 

..  *  ,       ^  ^    ^11         ,.    ,  .  .  mercury  may  be  made  to  pass  from 

6  into  a,  almost  to  fill  j,  a  little  remaining  over  in  b.  The  whole  tube  is  now  held  by 
the  wire-handle  shown  in  fig.  807,  over  a  charcoal-fire  or  a  series  of  powerful  caa- 
bumers,  so  as  to  be  strongly  and  uniformly  heated  throughout  its  whole  length.  The 
mercury  boils  easily,  and  its  vapour  drives  out  every  trace  of  air  or  moisture.  When 
this  18  thoroughly  accomplished,  and  the  mercury  yet  Iwiling,  the  open  end  of  the  tube, 
which  must  not  be  very  hot,  is  thrust  against  a  piece  of  sealing-wax,  and  then  at  once 
withdrawn  from  the  heat  As  the  tube  cools,  a  little  wax  is  drawn  in,  and,  in  time 
becoming  solid,  prevents  the  entrance  of  any  air.  When  quite  cool,  the  mermry  per- 
fectly fills  the  whole  of  the  lower  bulb  and  tube.  Let  the  tube  be  now  inclined,  and 
the  lower  bulD  raised  to  a  temperature  rather  higher  than  the  thermometer  is 
intended  ever  to  indicate.    A  part  of  the  mercury  is  thus  expelled,  and  as  the  column 
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\/nlt*  :    wirh  ;m    I*,;  ;f    ;,j,     i;,*i-rV;il     I,--*.  Wi.i  n   .'i.-    I';>-iM'.-,    tin;    tlnT- 

Mi'iifi"  f«  r  l;'-Ini.»:  1«  Jv  ii/i«!i  'rirl.'-'l  Ji*  till;  o^Ii^.a^y  t<.niferaturt  of  the 

nir  liif'.n-  t  iu-],  'li-firriiiiui'i'iH. 
Ah  III'- Ifiliiiff  {•''int.  'if  wjiii:r  •!•  |/<-rii!i  iiiitin  Iv  on  t)jo  j-.rc«siiro  of  the  ftir  ftt  the 
hiiti.  llii  I'fH'.ifi'trr  ifiiii:!.  |,<:  jiioj..  riy  iv.vl.  Ii  it  ht.iiid  at  0-7«"  millimetre  {or  30 
rinifliiili  iiirliiii)  hIiHi  |(r*»|iirly  i-nrn-fliil  ^-'i-  |;\I(o\u.ti:k.  i.  />12).  tin-  tfrnptnitur^-  n{ 
|.-.iliiiff  »«li«riiii»iii'Ily  JoirC.  rJlJ'  I'.ihr.j.  Ir  ii'.t,  th.-tinipiriturf- must  l-toaloiilitotl, 
iiiliiWiiiK  II  rliiiiipff  Iff  I  I  r.  Inr  I  vi>rv(livf'iyfiH>i-  of  |ipirs«<ure  <'<jii:il  t-i  ±  26"7  milliine- 
Irii'i  (nr  l'7l"  l''»»l»r.  fur  rvi-ry  inrli  uf  iiniisiipi-).  Ii  1;*  l.i.tttT.  howpvir,  lo  iisi*  the 
fiilldWlllK  liil«l"i  wim'li  ^rivnii  i)ii<  lutnirin  li-r  nailiii^i;  (corruited)  cornsj^onJiiig  to 
•ViiPjf  IvHlti  uf  II Uiyniii iiiiiir  Um '  ('iiirl^NMilr :  — 


T^A  THERM03CETEB. 

*,t!f.     Thfr  ir*  *hi>n  p'vhI  in  -^ii^  n'.f  'X  \  >jllsijr>al  ^jua  tovI  13  or  Ij  iai-E^ 
ij>-^^  lail  4  .r  '4   ;■   '..^av  •■t.     'i>Ai7:<-r.:  v-u-t  ,ii  pmunl  ill  'n  '»T>f  ciip  wbolc  it  ;fu! 
f;^  ^,<)  ni'-nTiiml  'MiimiiH,  ^nil  it  m'jn  b#  li  ±e  hiuhrtr  :aBp<~ 

rrir^ir*  u  vhii^  it  jt  ti-sin^  'y,  nukd  tile  cunpazisiiii-  A:i 
Tj^--r  Vniiji  *r>  .iTTTuvff  :tjt>>lf  \a  Livers  nf  -IlAt^iii  *'?n- 
p-r:irai»,  MitAtir.n  Tniur.  Kit  iWtiTslj  aaintai  bbL  hy  aut- 
inir  up  «n<r  'lovn  rrhin  rbn  TiMri.  "j^  nii^-4iiap*d  nil' 
Mior  iKiiwa  in  fg.  ^n.  T!iii  ma;  '•:,»  AirntMl  of  itaiie 
»..-«.  «r!la  '  WRf  Oif  ^:m  rcot^i?  tvisuil  pinnd  *hit 
ro^  pW  vKiefa.  '■•:;az  nuile  nenrij  of  liii^  wmr  diaau- 
T«j-  1*  'hr  iclam  f  ivl.  -.aaDoc  ririu'li  ihe  therauntu-ta. 

-IflvrKnMk  itr'.uiiin.  'Jib  nmlis^  of  riw!  tli*raicnirt*n 
*r'  n[.ii!>7  '•^•mi  *Kro<i:r!i  tha  ir.u«r.  lUnioac  in  clu  mok 
m.-.nwT.T.  an.!  nt  :t,fv  rworiM.  In  ■liiia?  'hi*,  th*  >';*'rT*t 
^iiMiLl  giT*  h.;4  Hvl'f  «iti-Dri<;D  to  th*  lia-ioul  ptrrj  ^ 
il'-iTT'-ni,  fi.r  rhi-  cnmlirr  of  wbnla  -li^ero  'an  h*  lakr« 
]if'>:r«anl«  >:  Uiinr>,  ami  inj  mirinke  in  thi>«c  viti  euUj 
h^  i»r.Ii(r»Dt  oo  takiaif  "Iib  diftrroo*  Tlie  ptrpsM  of 
t)..»  L.T'»  if.  of  flj'iT*''.  ;-  iTi-.iJ  *a7  wmr  fxtm.  thi?  oool. 
in((  of  Th*  miXm  Vhtj-mi  'h."  twt  nadio)^  Thi*  *BW 
iiMj  b*  fnrhKF  tliminatil  I.;  iaivnia^  tbe  ixirt  of  ili* 
iwlisgK  «rL  ttmr.  Thi^  viUT  bavio^  been  lUovni  u 
r  "lol   ■   f^  il.-jtr-r'-".   iL  miat  a^ia  be  briaU;  «^t»iisl 

l^f.m  'b^  art  fair  of  r*!i.li=in  are  uken,  uid  *>  on  wrlh 

■.  .  . ,     *>n;h  «n«K«^iT*  «ti-p,     KmjT  miiiht  fcr  Mill  fiutlwr  elimi- 

^ *    ■*(«],  if  Bwennitry.  by  r»i«iting  iiie»hi>Ie  opmtkia  wich 

«  ri'lna  \w«iA  <A  •  fitllini;  (•mpent.are.  pmliu'r-'l  ri:b<-r  bj  4iicceWT«  «AIM«n«  of  boc 
•■l»f.  '.r  l.y  a  •.nif»  <,f  h«W  pbv«i  uwler  iLit  ijbi»  Tt-i-eL 

It  i^  of  c/'iini*.  pfiiniMi^  M  mmparR  two  or  iruir*  Ihrnubinelf n  with  the  lUiiilArd  at 
th«  «in»> '([iTiHri'in ;  bnt  thti  rMnns*  of  miAUke  vul  rrTiirfn>m  moling  incmw  insDcb 
a  hiKli  'I'-frrr*'  with  rb*  Dnro>i>'r  cnni]«iwl,  UiHt  w«  ttronirl?  rnnwinieod  lb*  mdn 
rp'Tcr  111  riAiI  more  than  two  thnTnometf  n  anrl  thi^  MaciLir-1  at  the  nme  dme.  In  the 
Km  'llrwrtnrf.rr.  irMli*"!,  whur*  lar^  nnml,*™  of  tiennometcrs  an  emutantlj  >-om- 
Ytrn\  fr,rin')»>n>lotrii-al  iiurpMm,  Mr.Weiibhiu  ili;viH«J  a  rerulring  t«<h1  and  Kaod, 
tiT  whH-b,  with  lh<-  aiil  of  no  aMisUol,  b«  wu  able  to  nad  six  Ibamometen  at  once. 
(H.il,  Miut.  [l!.i».  309.) 

Wk  Itiiiik  Ihiit  Ihn  rexult*  of  tbi»  proccwi,  pfrformul  rigonnwlT  aa  we  bare  dearribul 
if,  ■»»>  fajatbl'-  '>f  aliD'Hl  »n^  li^r^!  of  aimrsfy.  from  [he  boiling  point  of  watfr  down 
r<i  low  trmprraMirm.  at  wbirh  noliitioni  or  other  li'iniili  coolnl  bj  frciiog  mixture* 
fimj  bf  niwl.  rrofraior  Forbi-t.  howeri-r.  obj.^i*tii  lo  it  (Itrit.  Aaaoc  Report,  liW, 
I>.  tit),  an'l  f'lnarknthiLt  when-  ihc  inTivti|{iition  in  no  important  one,  constant  aoams 
«t  iu-»S.  nntnrnl  or  artiririal,  nnnr^t )« too  riin-fully  a'>u(;bt  Bark-piti^  natnnl  bat 
RprinK''.  wa«lfi  IkA  waFrr  of  iif>Am'eng)Defi,  anil  the  LoiliDg-poinla  of  •ome  liquids,  soJi 
(W  aliiJiol,  maf  bt  ux'fullr  (^nipl'ij'ul. 

Whi-ii  (omn  ■li't'miiDatiolifl  <<{  Mindal  imporlnDeo  nnd  euctnen,  as  of  a  melting- 
itt  I>nilins-I">ilil.  Imvii  Xi>  Im  niulii  at  or  about  a  particular  lempenlnre,  Ibe  bnl 
rhkIk  ii>lr>r»ni|nni  the  XhtTtataai-tttn  ii>mI  with  odp  or  moTG  oliiiubirds,  in  media  of  tha 
niiialHiil  Iriit  imiiirMl  tirnipi-nitiim,  inch  a*  bijilim;  nlmhol  diluted  np  lo  a  certain 

Ctinl.  Hnrll'-h'-l  (A'lminittjr  Manunl  of  Bcirntiflu  Kncgnir]',  p.  393)  statee  that  iha 
int.  iiKiilii  <>r  ciiHurinit  {wrfiB't  irl>'ntity  of  trmprratum  in  coni[iriri«ons  ia  long  ie*t  of 
I  hi- 1  lii'mionii'lnni  in  mnlni't,  in  a  liiii  atuffivl  with  cotton,  the  parta  of  tlie  ((s1t4  to  be 
imuldiriininK'iRiiuuoTinll;  unrori'™!  for  ihiit  purjxiw,  Tbia  proceaa  would  be  a  very 
■Ifiw  nun,  but  nthirwiai'  uni'Xii'|itionabli'.  It  ia  Hlmoxt  noriUO'H  to  mention  that  com- 
fmriiinnH  of  Ihfrmnniuti'ra  in  tJia  opi-n  air  are  uaiHeaB  for  I'lact  purpoeee. 

Mr.  Wi'luh  fitf*  a  niwin  of  r<iiiriiinint;  the  lower  part  of  a  thermometorani&witiiont 
lliii  iiRii  of  fcwxinK  niixturuii,  but  it  ia  open  lo  oxccption. 

C\a-iigt  b/  (All  y.rra-point. — A  aerioua  difflcnlty  is  thrown  in  tho  way  of  ther- 
miifnptric  nprnnrj  by  Ihn  fai-t,  that  thn  aero  of  tho  inatrumcnl,  by  which  may  be 
mmiil  any  iletiriiiiiiiilK  I'lint  ni'locted  for  Tcriflcalion,  but  RfDorally  the  poaltionof  the 
mnwuly  in  melting  ira(IlU°KHbr,),i'nnaoldom  lieoonAidrTulinTanHblointhebeatiaatni- 
mmta,  ntiil  i*  morD  properly  dcaci-ibed  by  Doipretz  iia  in  contiaiud  OfciUation.  Them 
mmemenU  am  of  two  kinda : — 1.  Agisduul,  continui^it,  Hnd  pcrmani'nt  rise  of  the 
■nnnnint.  Tbia  phmomi'iion  hiia  been  atnditd  by  Dusprcta  (Ann.  Ch.  Phya.  [2]. 
Isi*.  313),  who,  among  othitr  pxperimenta,  froqui'ntly  dclrrmincil  tbn  froeiing- point  of 
•  IhrrTnom  at  or  during  flrn  yonni.  Ws  hiLTo  Khown  the  Toiulta  sraphically  in  fy.  810, 
and  in  aptl*  gf  ImgnUrilica,  duu  U>  tho  fact  tliut  tbo  thonuotnetor  waa  in  conatant  and 


768  THERMOMETER. 

it  is  filled,  and  the  rapacity  of  every  part  being  ascertained  by  intiodiiciiig  mcrcmy 
Hcvoral  times  into  the  tube,  and  comparing  the  weight  of  this  mercury  with  tne  munba 
of  ihtgrceM  occupied.  The  thermometer  having  been  completed,  we  easily  determioe, 
from  the  known  capacity  of  its  degrees,  and  the  cocfi^ient  of  dilatation  of  merciiz7,the 

capacity  of  the  bulb.     Taking  the  expansion  of  mercury  from  32®  to  212^  as  ^^  afUr 

Dulong  and  Petit,  wo  shall  find  k,  the  coefficient  of  dilatation  of  the  g^sBS  from  the 

equation : — 

^3,(1  +  -—)  =  r„,(i  +  180  X  *) 

in  which  V^^  is  the  actual  space  occupied  by  mercury  at  tfte  temperature  of  32®  Fahr, 
and  ^aia  the  apparent  volume  at  the  temperature  of  boiling  water. 

The  coefficient,  A,  of  the  apparent  dilatation  of  mercury  in  the  glass  is,  then,  ap- 
proximately for  each  degree  Fahr. 

65-5  X  180 

The  values  which  will  thus  be  generally  found  are,  for  k  abont  '000012  for  eidi 
degree  Fahr  ;  and  for  A  about  -000088. 

SpiiiitThebmombters  are  requi  red  for  measuri  ng  temperatures  which  approach 
or  sink  below  the  freezing-point  of  mercury  ( —  39°  Fahr.).  In  their  gradoation  we  en- 
counter the  difficulty  that  the  increments  of  volume  of  alcohol  for  equal  increments  of 
temperature,  cannot  be  assumed  equal,  as  in  the  case  of  mercury.  Welsh,  however 
{Op.  cit.  p.  315),  shows  how  to  deduce  a  law  of  expansion,  by  which  an  approximately 
correct  scale  may  bo  graduated. 

Alcohol  is  also  used  in  many  register  thermometers ;  but  it  is  an  objection  to  sach 
that  the  spirit  often  distils  over  from  the  end  of  the  column,  collecting  in  the  other 
parts  of  the  tube,  leading  an  observer  who  is  not  very  vigilant  into  error. 

Kkoister  Thermometers  are  morcurial  or  spirit  instruments  fumisbed  with 
a  smull  index  sliding  in  the  tube,  which  for  this  purpose  must  have  a  large  bore,  and 
therefore  also  a  large  bulb.     The  figures  (811   to  816)  will  sufficiently  exhibit  the 

various   registering  contrivances.     In  fig,  811,  a  is  a  small 
Fig.  811.  piece  of  steel  wire,  and  b  the  end  of  the  mercorial  column, 

— .        which  forces  it  forward,  and  then  leaves  it  at  the  maximum 

f^ Y : — l^       point.     The  tub©  must  remain  nearly  horizontal,  and  the  steel 

i-xL-i — 'ji — !»■ — -J —  \      index  is  moved  back  by  moans  of  a  small  magnet.     The  chief 

defect  of  this  maximum  thermometer  is,  that  a  quantity  of  air 


1? a 


must  be  left  in  the  tube,  to  prevent  the  mercury  flowing  about; 
and  the  mercury  in  time  becoming  foul,  tlie  whole  is  thrown  out  of  order.  In  fig.  812 
tlie  index  is  of  wire,  covered  with  enamel,  and  is  xtrithin  the  column  of  a  spirit  ther- 

mometer,  the  end  of  which  column  carries  it  back  by  force 
Fig.  812.  of  adhesion,  but  does  not  carry  it  forward.     It  tlias  gives  a 

— I       minimum  temperature.     This  thermometer  works  very  well, 

1  »f.s^-'.-'-M.i.';'^v \      ^^^  is  open  to  all  tlio  objections  against  a  spirit  thermo- 

^^^aBsssi£3^Ui>, ^\     meter.     Tho  above  two  instruments  are  known  as  Kuther- 

ford's,  and  have  till  lately  been  generally  used. 

Six^s  Maximum  and  Minimum  Thermometer  consists  of  a  large  bulb  foU 
of  alcohol  joined  to  a  tube  in  the  form  of  an  invorte<l  syphon,  in  the  lower  part  of 
which  lies  a  short  column  of  mercury.  Tho  extreme  point  reached  either 
Fig.  813.  ^ay  by  the  mercur}%  as  it  is  moved  by  the  expansions  and  contractions  of 
the  alcohol,  is  marked  by  a  small  enamelled  wire  index  sliding  in  the  leg  of 
tho  bent  tube  {fig.  813),  but  secured  against  falling  from  its  own  weight  by 
a  small  spring.  This  instrument  is  very  convenient  for  many  purposes, 
but  cannot  be  rendered  very  accurate  or  sure. 

The  Mercurial  Maximum  Thermometer 
of  Negrotti  and  Zambra  seems  to  be  the  best  yet  ^^'  ^^*' 

invented.     In  this  the  tube  is  horizontal,  and  but 
jQj  little  wide  in  bore  than  that  of  an  ordinary  thermo- 

H  meter.     Tho  bulb  is  bent  downwards,  and  at  the 

IB  bend,    the  bore  of  the  tube  is  nearly  stopped  up 

^'"^x^       with  an  enamelled  plug  (yf^.  814),  which  prevents 
the  mercury  from  running  back,  as  the  temj^eraturo 
falls,  provided  tho  tube  remains  nearly  level.     The  maximum  reading  is  thus  given  by 
the  end  of  tho  mercurial  column  remaining  in  the  tube,  and  the  instrument  is  reset, 
simplv  by  inclining  it  until  the  mercury  runs  back  and  fills  the  bulb. 
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ftmounting  to  11-4®  C,  while  the  same  quiintity  of  chloride  of  Bodium,  diMolrcd  under 
exactly  similar  circumstances,  lowers  the  temperature  only  1*9*^  C. 

Now  let  a  mixture  of  the  two  salts,  weighing  60  grms.,  be  dissolred  in  water  nnd|«r 
exactly  the  same  conditions ;  and  let  x  be  the  quantity  of  chloride  of  potasainm  therein 
contained,  and  consequently  60  ^x  the  quantity  of  chloride  of  sodiam.     Then  the  fall 

11*4 

of  temperature  produced  by  the  x  parts  of  chloride  of  potaasiom  is     -   ■  «,  and  that 

1*9 
produced  by  the  60— or  grms.  of  chloride  of  sodium  is  ZTrC^^"*')'    ^®  obaonred  de- 
pression of  temperature  {t)  is  the  sum  of  these  quantities ;  hence  the  equation : 

11-4  1-9  ,^^       . 

-60-  '  *  lO  (^^-'>     "     '' 

which  gives,  for  the  amount  of  chloride  of  potassium  in  the  mixture : 

t   -   1-9  60J--_96® 

'     "     ^"  •    11-4-1-9        ""  9^6 

To  obtain  good  results,  it  is  neccs8ai7  to  use  a  delicate  thermometer,  capable  of 
indicating  tenths  of  a  d^^ee ;  to  pulverise  the  mixture  very  finely,  and  accelerate  the 
solution  by  shaking  the  flask,  holding  it  only  by  the  neck  in  so  doing,  in  order  that 
as  little  extraneous  heat  as  possible  may  be  communicated  by  the  hand;  and,  lastJy, 
to  observe  exactly  the  preceding  stipulations  as  to  the  weighta  of  the  salt  and  the 
water,  and  the  weight  and  size  of  the  vessel.  The  original  temperature  of  the  water 
has  likewise  some  influence  on  the  result.  Gay-Lussac  used  water  of  20*4°  C.  With 
these  precautions,  the  method  may  be  depended  upon  for  giving  reaalta  of  auflldent 
accuracy  for  manufacturing  purposes — as,  for  example,  in  testing  samples  of  commerrial 
chloride  of  potassium  used  for  the  preparation  of  alum  or  of  saltpetre.  To  nzinute 
scientific  accuracy  it  has  of  course  no  pretensions. 

The  same  method  may  l)e  applied  to  other  mixtures  of  salts  which  depress  the  tempe- 
rature in  dissolving,  and  likewise  to  such  as  raise  it.  It  is  more  exact  in  proportion 
as  the  amounts  of  depression  produced  by  the  two  salts  differ  more  widely  from  one 
another. 

3.  Fixed  oils(«.^.,  olive-,  poppy-,  and  rape-oil)  evolve  different  degrees  of  heat  when 
treated  with  strong  sulphuric  acid,  and  the  temperatures  thus  produced  may  be  applied, 
in  like  manner,  to  determine  the  proportions  of  two  of  them  existing  in  a  mixture, 
especially  when  one  is  a  drying  and  the  other  n  non-drying  oil.  According  to  Mau- 
men6  (Compt^  rend.  xxxv.  672),  60  grms.  olive-oil  mixed  with  10  cub.  cent,  sulphu- 
ric acid  of  60°  Baum^,  become  heated  from  25^  to  67'',  that  is  42° ;  and  50  grms. 
poppy-oil  similarly  treated  are  heated  from  26^  to  100®,  or  74°. 

According  to  Faisst  and  Knauss  (Dingl.  polyt.  J.  cxxxix.  63),  15  grms.  of  di£R»- 
rent  fixed  oils  mixed  with  6  grms.  strong  si^phuric  acid  (freed  from  excess  of  water  by 
boiling)  exhibited  the  following  degrees  of  heating : 

Olive-oil  from  1 6^—54°,  therefore  38°. 
Ahnond-oil  „  12°— 62°  „  40°. 
Rape-oil  „  14°— 69°  „  66°. 
Poppy-oil       „    17°— 87°        „        70°. 

With  linseed-oil  the  rise  of  temperature  was  more  than  100°,  but  not  constant, 
because  decomposition  took  place  at  the  same  time.  When  16  grms.  of  oil  were 
treated  with  7*6  grms.  of  sulphuric  acid  containing  90  per  cent.  H'iSO*,  the  following 
rises  of  temperature  were  observed  : 

Olive-oil  from  12^ — 10°,  therefore  28° 
Rape-oil  „  17°— 54°  „  37° 
Linseed-oil    „     16'— 91°        „         76°; 

mixtures  of  olive-oil  and  poppy-oil,  and  of  li  nseed-oil  and  rape-oil  or  palm-oil,  exhibiting 
a  rise  of  temperature  nearly  equal  to  the  means  of  the  numbers  given  by  the  indiridnal 
oils.  This  method  mifi;ht  therefore  be  applied,  in  default  of  a  better,  for  examining 
mixtures  of  fixed  oils ;  it  requires,  however,  that  the  process  be  always  conducted  in  the 
same  way,  and  especially  that  the  glasses  used  shall  be  of  the  same  sise  and  thi<^ess. 
It  would  be  necessary  also  to  ascertain  whether  the  same  oil,  linseed -oil  for  example, 
exhibits  the  same  rise  of  temperature,  when  recently  expressed,  as  when  old,  and  uxider 
other  conditions. 

TH  BKMQi-MinbTIPliXMB.  A  thermo-electric  pile  connected  with  a  delicate 
gilyanometer  for  indicating  slight  changes  of  temperature  by  the  thermo-electrie 
eniTents  produced  on  exposing  one  end  of  the  pile  to  a  source  of  heat  or  cold.  (Elbc- 
TBmiTT,  u.  418.) 
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also  zinc  when   heated    therewith.      Thiacetates  are    decomposed  by  iodine,  with 
formation  of  metallic  iodide  and  acetic  disulphide  (Kekul6  anaLinnexnann): 

2C^IPM0S  +   P     =     2MI   +   (C'H«0)«S«. 

The  j)otasHum-salt,  C-H*NaOS,  the  sodium-salt,  C«H«NaOS.JH20,  the  barium-salt, 
C«H''Ba"8^0^3H'0,  the  strontium-salt,  C*H«Sr"S«0«.2H-0,  and  the  calcium-salt, 
C'H«('a"S'0-.2H*0,  are  crystallisable  (Ulrich).— The  lead-salt,  C'H«Pb"0'S«,  oh- 
tuincMl  by  precipitating  acetate  of  lead  with  thiacetic  acid,  crystallises  from  hot  water 
or  alcohol,  in  colourless  silky  needles.  It  is  very  unstable,  decomposing  quickly,  both 
in  the  dry  state  and  in  solution,  with  separation  of  lead-sulphicle  (Kekul^).  The 
mercuric  salt  is  obtain«.-d,  by  double  decomposition  with  mercuric  chloride  and  potassie 
thiacetato,  us  a  white  precipitate  which  soon  turns  black. — The  silver-  and  copper-salts 
are  still  more  unstable. — Recently  precipitated  ferric  hydrate  dissolves  in  thiacotic 
acid,  forming  a  greenish  solution,  which  deposits  sulphide  of  iron  when  warmed. 

Elht/lic  tfiiacetutc,  C*K^OS  —      paiT*  i'^'   Obtained  by  the  action  of  phosphoric  pen- 

tachloride  on  ethylic  acetate.  It  is  a  liquid  lighter  than  water,  and  insoluble  theran; 
smells  like  ethylic  acetate  and  sulphydric  acid.     Boils  at  about  80°.    (Kekul^.) 

TBZACETXC  BlTKTBaZBB.     (C*H*0)'S.     Acetic  Monosulphide  or  Pn>iostd- 

ph  idc.  ( K  e  k  u  1  ^,  loc.  vit.) — Produced  by  the  action  of  phosphoric  pentasulphide  on  acetic 
anhydride.  On  gently  heating  the  mixture,  a  violent  reaction  takes  place,  and  thi- 
acetic anhydride  distils  over.  When  purified  by  redistillation,  it  forms  a  colourless 
liquid,  having  a  peculiar  odour,  and  boiling  at  121°.  It  sinks  in  water  at  first,  with- 
but  decomposition,  but  afterwards  decomposes,  yielding  acetic  and  sulphydric  acids. 

Acetic  D is ulph ide,  (CHVO)^^.  (Kekul^andLinnemann,  Zoc.  ctY.) — Produced 
by  the  action  of  iodine  on  metallic  thiacetates  (p.  771).  Iodine  is  gradoally  added  to 
the  slightly  acidulated  solution  of  a  thiacetate,  till  the  liquid  becomes  brown,  and  the 
excess  of  iodine  is  removed  by  adding  a  little  more  of  the  thiacetate.  Acetic  disul- 
phide then  separates  as  a  yellow  liquid,  which  may  be  purified  by  washing  with  cold 
water,  drying  over  chloride  of  calcium,  filtering,  and  leaving  it  in  a  cold  place,  where- 
upon it  solidifies  in  the  crystalline  state.  The  last  trace  of  admixed  sulphur  may  be 
removed  by  dissolving  the  crystals  in  the  smallest  possible  quantity  of  carbonic 
disulphide,  and  mixing  the  well-cooled  solution  with  a  small  additional  quantity  of 
solid  acetic  disidphide;  the  liquid  then  gradually  deposits  the  pure  compound  in  Luge, 
colourless,  well-defined  crystals. 

Pure  acetic  disulphide  melts  at  20° ;  it  has  a  peculiar,  slightly  hepatic  odour,  is 
insoluble  in  water,  but  dissolves  readily  in  alcohol,  ether,  and  carbonic  disidphide.  By 
watir  it  is  decnmposod,  gradually  in  the  cold,  quickly  at  the  boiling  heat^  into  sulphur 
and  thiacetic  acid  ;  with  alkalis  the  same  decomposition  takes  place  immediately.  It 
is  violently  attacked  by  strong  nitric  acid ;  with  more  dilute  nitric  acid,  it  yields 
sulphuric  and  acetic  acids.  When  distilled,  it  gives  off  thiacetic  acid  at  93°;  after- 
wards, at  160*^,  a  dark-coloured  distillate  resembling  the  last  portion  of  liquid  obtained 
in  the  rectification  of  thiacetic  acid.  Acetic  disulphide  is  decomposed  by  mercoiy, 
even  at  temperatures  below  100°,  but  the  removal  of  the  sulphur  is  not  complete. 

C^H'.SH.  (WohlerandLiebig  [1847],  Ann. 

Ch.  Pharm.  Ixi.  1. — Hofmann,  ibid.  ciii.  93. — Brusewitz  and  Cathander,  Bull. 
Soc.  Chim.  [1867],  i.  460. — Schiff,  Laboratory,  i.  404.)— An  organic  base  obtained  by 
the  action  of  sulphydric  acid  on  an  aqueous  solution  of  aldehydate  of  ammonium : 

3C«H«(NH*)0   +   3H=S     »     C«H»«NS»  +   (NH«)«S  +   3H*0. 

To  prepare  it,  aldehydate  of  ammonium,  free  from  ether  and  alcohol,  is  dissolved  Id 
12  to  16  pts.  of  water;  10  or  15  drops  of  ammonia  are  added  to  every  30  grms.  of 
the  solution ;  and  a  gentle  current  of  siilphydric  acid  gas  is  passed  through  the 
mixture,  which  then  becomes  milky  in  about  half  an  hour,  and  deposits  thialdine  in 
large  crystals,  having  the  appearance  of  camphor ;  in  four  or  five  hours,  it  the  liqu^ 
becomes  clear  again,  and  the  operation  is  finished.  The  crystals  are  collected  on  a 
filter,  washed  with  cold  water,  dried,  and  dissolved  in  ether  mixed  with  a  third  of  its 
volume  of  alcohol,  which,  when  left  to  evaporate,  deposits  thialdine  in  rhombic 
tables  often  half  an  inch  in  diameter. — Sometimes  this  process  yields  no  crystals,  but 
a  colourless  fetid  oil,  consisting  for  the  most  part  of  thialdine  kept  in  the  liquid 
state  by  an  oily  body.  To  obtain  the  thialdine  from  this  liquid,  it  is  shaken  up  with 
half  its  volume  of  ether  in  a  stoppered  bottle,  and  then  mixed  with  hydrochloric  acid, 
whereupon  the  mixture  solidifies  to  a  crystalline  mass  of  hydrochlorate  of  thialdine, 
which  is  to  be  washed  with  ether,  to  remove  the  last  portions  of  oil,  then  dried, 
moistened  with  a  little  ammonia,  and  redissolvcd  in  ether. 


C«H'«NS«  -  N- 
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with  sulphjdric  acid ;  it  then  separates  as  a  neutral,  easily  decomposible  oil.  (Flueki- 
ger,  Jahresb.  1856,  p.  519.) 

Methi/l'thtaldine,  C*H**(CH^)NS*,  is  obtained  in  a  similar  manner,  by  the 
action  of  sulphydric  acid  on  aldehydate  of  methylamine.     (Fluckiger.) 

Methyl-thialdammonium,  C'H'^NS*. — Thialdine  unites  directly  with  iodide  of 
methyl  (mixed  with  an  eqnal  volume  of  ether),  forming  the  compound  C^H^'NS'.CH'I 
=  C'Il**NS'-.I,  which  solidifies  in  a  crystalline  mass.  This  compound,  when  purified 
by  washing  with  ether,  and  recrystallisation  (avoiding  a  boiling  heat),  behaves  like 
iodide  of  tetramethylammonium.  It  is  insoluble  in  ether,  soluble  in  alcohol,  8<Hne- 
what  soluble  in  water,  and  is  precipitated  therefrom,  without  decompoeitioa,  by  cold 
caustic  p<^tash ;  by  boiling  potash,  however,  it  is  completely  decomposed,  forming  a 
brown  resinous  substance,  smelling  of  aldehyde,  which  is  likewise  produced  when 
thialdine  is  strongly  heated  with  iodide  of  methyl.  The  acid-reacting  aqueous  solution 
of  the  iodide,  treated  with  recently  precipitated  silver-oxide,  becomes  alkaline,  and  gives 
a  precipitate  of  silver-iodide  ;  but  quickly  undergoes  complete  decomposition,  yielding 
silver-sulphide,  aldehyde,  ammonia,  and  hydrate  of  tetramethylammonium : 

4C'H>«NS«I   +   10Ag«O   +   3H»0     «     4AgI   +   8Ag*S   +    12C«H*0   +  3NH» 

From  its  behaviour  with  iodide  of  methyl,  Hofmann  infers  that  thialdine  ia  a  nitrile 
base,  N(C*H*'S*)'".  But,  from  recent  experiments  by  Schiff  (the  details  of  which  ars 
not  yet  published),  it  appears  most  probable  that  thialdine,  and  its  homologues  and 

analogues,  may  be  represented  by  the  general  formula  N-J  C"H*".SH.    By  the   action 

of   ammonium-sulphide   on  acrylic   and  oenanthic  aldehydes,  Schiff  has    obtained 

'C«H*.SH 
C>H*.SH,  and  oenanthothialdine,   C"H"NS« 


acrothialdine,  C*H»«NS«  -  N- 


^C'H»*.SH 


Syn.  with  Methtl-thialdinb. 

pioHHSO*  =  C'«H»«O.H«SO«.  (Stadeler  and 
Wachter,  Ann.  Ch.  Pharm.  cxvi.  163.) — An  acid  containing  the  elements  of  anethol 
or  anise-camphor  (i.  297)  and  sulphurous  acid,  and  (according  to  Stadeler  and 
Wachter)  identical  with  Limpricht  and  Ritter  s  anisoic  acid  (i.  806).  To  prepare 
it,  anethol  is  boiled  with  nitric  acid  of  specific  gravity  1*1 ;  the  oil  thereby  produced 
(together  with  oxalic  and  a  small  quantity  of  anisic  acid)  is  rectified ;  and  the 
distillate,  which  passes  over  between  215^  and  245^,  is  left  for  some  time  in  contact 
with  a  concentrated  solution  of  acid  sodium-sulphite  and  a  small  quantity  of  alcohol ; 
the  sodium-salt  of  thianisoic  acid  then  crystallises  out. 

The  pure  acid  is  separated  from  the  barium-salt  by  addition  of  sulphuric  acid,  and 
remains  in  the  crystalline  form,  when  the  filtered  solution  is  left  to  evaporate.  It  has 
a  strongly  acid  and  astringent  taste,  with  sweet  aftertaste,  dissolves  easily  in  water, 
alcohol,  and  ether ;  its  dilute  solution  may  be  boiled  without  decomposition. 

The  crystals,  which  contain  C'»fl"S0*.2H«0,  melt  below  200°  and  the  acid,  if  not 
more  strongly  heated,  solidifies  again  in  the  crystalline  form  on  cooling;  but  on 
raising  the  temperature  to  100°,  the  water  of  crystallisation  is  given  off,  and  the  add 
then  solidifies  in  the  amorphous  state  on  cooling.  At  a  stronger  heat,  it  blackens  and 
decomposes,  giving  ofif  sulphurous  anhydride,  with  an  odour  somewhat  like  that  of 
anise,  but  of  a  fetid  character. 

Thianisoates. — Thianisoic  acid  is  monobasic,  and  mostly  forms  crystallisable 
salts,  easily  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether. 

The  ammonium-salt  forms  crystals  resembling  those  of  the  sodium-salt,  and  contain- 
ing 1  at.  water. 

The  barium-saltf  C-"H*^a"S*0'.3H*0,  separates  on  mixing  the  concentrated  solution 
of  the  sodium-salt  with  barium-chloride,  in  delicate  laminae,  and  crystallises  from  a 
hot  aqueous  solution  in  beautiful  steUate  groups ;  it  may  be  rocrystallised,  without 
alteration,  from  hot  hydrochloric  acid.  It  dissolves  in  12  pts.  of  cold  water.  The 
crystals  give  off  2  at.  water  at  103°,  and  the  remainder  at  130°. — The  calciMmsalt, 
C*'H**Ca*S*0'.2H'0,  separates  from  a  mixture  of  the  concentrated  solution  of  the 
sodium-salt  with  chloride  of  calcium,  in  shining  needles,  which  dissolve  in  water  more 
readily  than  the  barium-salt,  and  are  moderately  soluble  in  warm  alcohoL 
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with  sulphydric  acid ;  it  then  separates  as  a  neutral,  easily  decomposible  oil.  (Flucki- 
ger,  Jahresb.  1856,  p.  519.) 

MethyJ -thialdine,  C*H'*(CH')NS',  is  obtained  in  a  similar  manner,  by  the 
action  of  sulphydric  acid  on  aldehydate  of  methylamine.     (Fluckiger.) 

Methyl-thialdammonium,  C'H'^NS*. — Thialdine  unites  directly  with  iodide  of 
methyl  (mixed  with  an  equal  volume  of  ether),  forming  the  compound  C*H"NS".CH'I 
=  C']l'*NSM,  which  solidifies  in  a  crystalline  mass.  This  compound,  when  purified 
by  washing  with  ether,  and  recrystallisation  (avoiding  a  boiling  heat),  behaves  like 
iodide  of  tetramethylammonium.  It  is  insoluble  in  ether,  soluble  in  alcohol,  some- 
what soluble  in  water,  and  is  precipitated  therefrom,  without  decomposition,  by  cold 
caustic  potash ;  by  boiling  potash,  however,  it  is  completely  decomposed,  forming  a 
brown  resinous  substance,  smelling  of  aldehyde,  which  is  likewise  produced  when 
thialdino  is  strongly  heated  with  iodide  of  methyl.  The  acid-reacting  aqueous  solution 
of  the  iodide,  treated  with  recently  precipitated  silver-oxide,  becomes  alkaline,  and  gives 
a  precipitate  of  silver-iodide  ;  but  quickly  undergoes  complete  decomposition,  yielding 
silver-sulphide,  aldehyde,  ammonia,  and  hydrate  of  t«tramethylammoniunti : 

4C»H'«NS«I   +   10Ag*O   +   3H-0     =     4AgI   +   8Ag«S   +   12C»H*0    +  3NH» 

From  its  behaviour  with  iodide  of  methyl,  Hofmann  infers  that  thialdine  is  a  nitrile 
base,  N(C*H'"S*)'".  But,  from  recent  experiment*  by  Schiff  (the  details  of  which  are 
not  yet  published),  it  appears  most  probable  that  thialdine,  and  its  homologues  and 

fC-H«".SH 
analogues,  may  be  represented  by  the  general  formula  N'l  C*H'".SH.    By  the   action 

of    ammonium-sulphide  on  acrylic   and  cenanthic  aldehydes,  Schiff  has    obtained 

C"H*.SH,  and  oenanthothialdine,   C«»H*«NS« 


acrothialdine,  C»H"NS«  -  N- 


{ C'H»«.SH 
C'H'^SH. 


Syn.  with  Methyl-thialdink. 

pioHHSO*  =  C'»H'*O.H«SO«.  (Stadeler  and 
Wachter,  Ann.  Ch.  Pharm.  cxvi.  163.) — An  acid  containing  the  elements  of  anethol 
or  anise-camphor  (i.  297)  and  sulphurous  acid,  and  (according  to  Stiideler  and 
Wachter)  identical  with  Limpricht  and  Ritter*s  anisoic  acid  (i.  306).  To  prepare 
it,  anethol  is  boiled  with  nitric  acid  of  specific  gravity  I'l ;  the  oil  thereby  produced 
(together  with  oxalic  and  a  small  quantity  of  anisic  acid)  is  rectified ;  and  the 
distillate,  which  passes  over  between  215^  and  245°,  is  left  for  some  time  in  contact 
with  a  concentrated  solution  of  acid  sodium-sulphite  and  a  small  quantity  of  alcohol ; 
the  sodium-salt  of  thianisoic  acid  then  crystallises  out. 

The  pure  acid  is  separated  from  the  barium-salt  by  addition  of  sulphuric  acid,  and 
remains  in  the  crystalline  form,  when  the  filtered  solution  is  left  to  evaporate.  It  has 
a  strongly  acid  and  astringent  taste,  with  sweet  aftertaste,  dissolves  easily  in  water, 
alcohol,  and  ether ;  its  dilute  solution  may  be  boiled  without  decomposition. 

The  crystals,  which  contain  C'»fl»*S0«.2H*0,  melt  below  200°,  and  the  acid,  if  not 
more  strongly  heated,  solidifies  again  in  the  crystalline  form  on  cooling;  but  on 
raising  the  temperature  to  100^,  the  water  of  crystallisation  is  given  off,  and  the  add 
then  solidifies  in  the  amorphous  state  on  cooling.  At  a  stronger  heat,  it  blackens  and 
decomposes,  giving  off  sulphurous  anhydride,  with  an  odour  somewhat  like  that  of 
anise,  out  of  a  fetid  character. 

Thianisoates. — Thianisoic  acid  is  monobasic,  and  mostly  forms  crystallisable 
salts,  easily  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether. 

The  ammonium-salt  forms  crystals  resembling  those  of  the  sodium-salt,  and  contain- 
ing 1  at.  water. 

The  barium-saltf  C-'H**Ba"S*0'.3HH),  separates  on  mixing  the  concentrated  solution 
of  the  sodium-salt  with  barium-chloride,  in  delicate  laminse,  and  crystallises  from  a 
hot  aqueous  solution  in  beautiful  stellate  groups ;  it  may  be  rocrystallised,  without 
alteration,  from  hot  hydrochloric  acid.  It  dissolves  in  12  pts.  of  cold  water.  The 
crystals  give  off  2  at.  water  at  103°,  and  the  remainder  at  130°. — The  calcium-salt^ 
C*H**Ca''S*0".2H'0,  separates  from  a  mixture  of  the  concentrated  solution  of  the 
sodium-salt  with  chloride  of  calcium,  in  shining  needles,  which  dissolve  in  water  more 
readily  than  the  barium-salt,  and  are  moderately  soluble  in  warm  alcohol. 
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TBXOBinmtZC   ACZS.    C*H*0S.— An  acid  homologous  with  thiaeetie  acid, 

produced  by  the  action  of  phosphoric  protosulphide  on  butyric  acid  (L  694). 

THZOCAP&ZITAIaBZVS.  a  compound,  analogous  to  thialdine,  formed,  accord- 
ing to  Wagner  (Pharm.  Centr.  1861,  p.  32),  by  the  action  of  sulphydric  acid  on  the 
ammonia-compound  of  capric  or  rutic  aldehyde  (i.  742). 

TBZOCBKOirzc  ACZB.    A  product  of  the  action  of  suli^urous  add  on  tetza- 

chloroquinone(p.  29). 

TBZOCZWO]«.  C*H"S. — A  pulverulent  substance  formed,  together  with  sul- 
phide of  ammonium,  by  the  action  of  sulphydnc  acid  on  hydrodnnamide  (Ca hours, 
Corapt.  rend.  xxv.  468): 

C»^H««N«  +   4H«S     =     3C»H»S   +  (NH«)»S. 

TBZOCITMOlb,  or  TBZOCVIICZVOZm  C'*H'^S.— A  body  produced  from  cnmi- 
nol  (cuminic  aldehyde,  C'"H'''0)  by  the  action  of  ammonium-sulphide  (ii  183). 

TBZOCTAVZBB8«  or  Uydrothiocyanatet. — Salts  formed  by  boiling  persnlphoeya- 

nogen  with  alkalis.    (See  Pebsulphoctamooen,  iv.  381.) 

TBZOBZACBTZO  ACZB.     See  Thiodiqltcollic  Acid. 


TBZOBZGZiTCOZAAKZC  ACXB,   C'H^SO'  »  /^qIq } 


N 

0>  or  ITuodiaceiamk 

S 


Q.   (E.  Schulze,  Zeitschr.  f.  Chem.  1866,  p.  181;  Jahreab.  1865, 


H 

H»       \ 
^«£,(C«H«SO«)" 

H 

p.  345.)- The  barium-salt  of  this  acid,C'H>*Ba"N2SK)MI«0,  produced  by  treating  thio- 
aiglycoUimide  with  cold  baryta-water,  crystallises,  by  evaporation  over  sulphuric  acid, 
in  needles,  or  forms  a  gummy  mass  if  quickly  dried.  Tlie  acid,  C*H'N8(>*,  separated 
from  the  barium-salt  by  sulphuric  acid,  or  obtained  by  heating  the  acid  ammonium- 
salt  for  several  days  to  145^,  crrstallises  in  colourless  prisms,  permanent  in  the  air, 
melting  at  125°,  and  convertcil  at  higher  temperatures  into  thiodiglycoUimido.  It 
dissolves  slowly  in  cold,  easily  in  boiling  water,  forming  an  acid  solution  which  is 
not  precipitated  by  lead-  or  silver-salts. — ^The  calcium-Bait,  C*H"Ca'T5i'S*0*.H-0, 
crystallises  from  a  syrupy  solution  in  small  needles. — The  silversaltf  C*II*AgNSO", 
may  be  cr^-stallised  from  hot  water. 

TBZOBZO]:iTCOZ.ZiAMZBB,     C^H^N^SO'    »   (Cni'O)'').^  ,    or    Tkiodiaceto- 

H*      )^ 

diamide}-      „^     M  N*.  (Schulze,  loc.  cit.) — This  compound  is  obtuned  by  the  action 

of  neutral  sulphide  of  ammonium  on  chloracctamide  in  alcoholic  solution.  The  reac- 
tion, which  consists  in  the  substitution  of  1  at.  S  for  2  at.  CI  in  a  double  molecule  of 
chlonicetamide,  seems  to  show  that  the  second  of  the  above  formulse  is  the  more  correct 
expression  of  the  composition  of  the  product : 

3  mol.  chlorace-  Thiodlace  o- 

tamide.  dlamide. 

The  product,  after  washing  with  alcohol  and  recrystallisation  from  water,  forms  small, 
white,  quadratic  octahedrons,  which  melt  when  heated,  and  then  decompose,  giving  off 
the  odour  of  ammonium-sulphide. 

TBZOJDZGZiTCOZi&ZC  or  TBZOBZACBTZC  ILCZB.     C*H«SO*  =  C^HK)  y%. 

or  (^*^^,^'')' 1 0».    (Schulze,  Zeitschr.  f.   Chem.   1866,  p.   73;    1866,   p.   181; 

Jahresb.  1864,  p.  325;  1865,  p.  345.— Wislicenus,  Zeitschr.  f.  Chem.  1865. 
p.  621 ;  Jahresb.  1865,  p.  344.) — This  acid,  which  has  the  composition  of  diglycollic 
acid  (ii  912),  with  1  at.  oxygen  replaced  by  sulphur,  or  of  a  double  molecule  of  acetic 
ncid  (C*H'0*)  in  which  2  at.  hydrogen  are  replaced  by  1  at.  sulphur,  is  produced : 
1.  By  boiling  thiodiglycoUamide  with  baryta- water  as  long  as  ammonia  is  evolved  : 

C«H«N-SO=  +   2H«0     -     2NH»  +   C^H'SO*. 

By  precipitating  the  solution  of  the  resulting  barium-salt  with  acetate  of  lead,  decora- 
posing  the  lead-salt  with  sulphydric  acid,  and  evaporating  the  filtrate,  thiodiglycoUic 
acid  is  obtained  in  crystals.     (Schulze.) 
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ACXI>.  A  compound,  probably  homologonB  with  thiaeetio  add, 
produced  in  small  quantity  by  the  action  oi  sulphydric  acid  on  formate  of  lead,  at 
200^ — 300°.  It  forms  small  transparent  crystals,  which  have  an  aUiaoeons  odour,  are 
insoluble  in  water,  may  bo  recrystallised  from  alcohol,  melt  at  120*^,  and  snblimd  at  a 
lower  temperature.  They  are  insoluble  in  sulphide  of  ammonium,  and  dissolTe  but 
slightly  in  boiling  potash-ley.  Their  alcoholic  solution,  which  does  not  redden  litmus, 
forms  with  acetate  of  lead  a  yellowish,  and  with  silver-salts  a  whitish,  precipitate, 
both  of  which  are  blackened  and  decomposed  by  heat.  (Limpricht,  Ann.  Ch, 
Pharm.  xcvii.  3G1.) 

THZOFUCUSOL  A  body  analogous  and  very  similar  to  thiofdrforol,  pro- 
dnced  by  treating  fucusol  in  alcoholic  solution  with  sulphydric  acid.  By  dry  distilla- 
tion, it  yields  a  product  of  decomposition  called  pyrofucusol,  which  crystallises  in 
needles,  and  has  probably  the  same  composition  as  pyrofurfurol,  C*H*0*.  (Stenhonse, 
Ann.  Ch.  Pharm.  butiv.  293.) 

THZOnntrOK,  or  TBZOriniriniO&.  C^II^OS.— A  compound  fonned  by 
the  action  of  ammonium-sulphide  on  furfurol,  or  of  sulphydric  acid  on  fnrfiiramide 
dissolvwl  in  alcohol.     (See  Fubfuhol,  ii.  763.) 

TBZOlVIS&AirzC  ACZ1>.  The  black  mass  produced  by  heating  alcohol  with 
excess  of  sulphuric  acid.  It  was  formerly  supposed  to  consist  of  carbon,  but,  according 
to  Erdmann  (J.  pr.  Chem.  xxi.  291),  it  is  a  sulphuretted  acid,  capable  of  forming 
salts  with  potash  and  other  bases.  It  has  not  been  obtained  in  a  sufficiently  definite 
state  to  enable  its  composition  to  be  determined  with  accuracy,  and  is  probably  a 
mixture.     (See  Gmelin'a  Handbook,  viii.  240.) 

TBZOMSTBAZJDZarB.     Syn.  with  Methtl-thialdinb  (p.  774). 

H« 
TBZOirAXIKZC  ACZB.     NH'SO*   «   (SO)" 

H 

differs  from  acid  sulphite  of  ammonium  (NH*.H.SO')  by  the  want  of  1  at. water,  is  pro- 
duce<l  by  the  action  of  dry  ammonia-gas  on  an  excess  of  sulphurous  anhydride.  It  is  a 
crystalline  volatile  substance,  of  a  yellowish  colour  (perhaps  due  to  impurity),  and  very 
soluble  in  water.  In  the  moist  state,  or  in  solution,  it  quickly  undeigoes  a  complete 
decomposition  into  sulphate  of  ammonium,  trithionate  of  ammonium,  and  other  pro- 
ducts. When  sulphurous  anhydride  is  mixed  with  excess  of  dry  ammonia-gas,  two 
volumes  of  the  former  unite  with  four  volumes  of  the  latter,  forming  thionamate  of 

ammoniunii  (SO)"  Itv,   which  is  an  amorphous,  volatile,  neutral,  deliquescent  salt, 

speedily  decomposing  in  solution.  (H.  Hose,  Pogg.  Ann.  xxxiii.  275;  xlii.  425; 
Om.  ii.  45o.) 

TBZOWAMZDB.  N'HVSO)".— Produced  by  the  action  of  sulphurous  chloride 
on  dry  ammonia : 

4NH«  +  S0C1«     -     2NH*C1  +  N^H^SO. 

The  sulphurous  chloride  should  be  well  cooled,  and  the  ammonia-gas  passed  in 
slowly.  The  product  is  a  white,  pulverulent,  non-crystalline  solid,  from  whicn  the  sal- 
ammoniac  may  be  extracted  by  cold  water.  Thionamide  is  converted  by  hot  water 
into  neutral  sulphite  of  ammonium,  from  which  it  differs  by  2  at.  water:  (NH*)*SO*  — 
2H-0  =  N^H^SO.  It  is  instantly  decomposed  by  alkalis  with  evolution  of  ammonia, 
and  by  acids  with  evolution  of  sulphurous  anhydride.  (Schiff,  Ann.  Ch.  Pharm.  cii. 
111.) 

TBZON'APBTBAXiZC  ACZB.  Syn.  with  Naphthtlsxtlfhitbous  Acid.  (See 
Sulphurous  Ethers,  p.  660.) 


•  Q .  Sulfit-ammon, — This  acid,  which 


TBZOBAPBTBAMZC  ACZB,  more  properly,  VA»BTBTZ>SinbPBAaaO 

>,  C>«IPNSO«   =     (SO«r     n-    (Piria,  Ann.  Ch.  Phys.  [3],  xxxi.  217.)— This 

^     J  .     .        .        . 

acid  is  produced,  together  with  naphthionic  acid,  with  which  it  is  isomeric,  by  the 

action  of  ammonium-sulphite  on  nitronaphthalcne.  The  orange-yellow  crystals  ob- 
tained in  the  preparation  of  naphthionic  acid  (iv.  17),  consist  of  naphthylsulpbam- 
ate  of  ammonium.  The  acid  has  not  been  obtained  in  the  free  state ;  on  attempting 
to  decompose  a  thionaphthamate  with  an  acid,  even  with  acetic  acid,  it  is  resolved  into 
naphthylamine  and  sulphuric  acid. 

The  naphthylsulphamates  are  generally  prepared  by  double  decomposition  from  the 
ammonium-salt.  They  are  all  soluble,  and  resemble  each  other  in  appearance  and  colour. 
They  usually  crystallise  in  large  nacreous  laminie  of  an  amethyst  or  reddish  colour. 
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with  solid  potash,  it  yields  sulphite  of  potassium.  Mineral  acids  decompoee  it  at  a 
boiling  heat  (not  in  the  cold),  into  dialuramido  and  sulphuric  acid.  By  prolonged 
heating  to  200°,  it  is  for  the  most  part  resolred  into  sulphate  of  ammoniimi  and  zan- 
thinine,  C*H«N'0«  (Finck,  Ann.  Ch.  Pharm.  cxxxii.  298) : 

C*H«(Nn«)«N«SO«     -     (NH*)»SO*  +   C«H»N»0«. 

The  acid  ammonium-salt,  [C«H*(NH*)N«SO'],  is  obtained  in  fine  white  needles,  bT 
evaporating  in  a  water-bath  an  aqueous  solution  of  the  normal  salt  with  a  small 
quantity  of  sulphuric  acid :  if  the  sulphuric  acid  is  in  excess,  dialuramide,  nramilic 
acid,  and  finally  dialuric  acid,  is  formed.  The  aqueous  solution  of  this  salt  ia  decom> 
posed  by  boiling  into  sulphate  of  ammonium  and  dialuric  acid : 

C*H«N«SO«  +   2H«0     -     C*H«N«0«  +   (NH«)«SO«. 

Dialuric  acid. 

The  barium-salt  is  obtained  as  a  flocculent  precipitate,  which  gradually  becomes 
crystalline,  when  the  ammonium-salt  is  added  to  chloride  of  barium.  It  is  readily 
soluble  in  hydrochloric  acid ;  boiled  with  nitric  acid,  it  yields  sulphate  of  barium,  hat 
no  free  sulphuric  acid. 

The  lead -salt  is  obtained  by  adding  thionurate  of  ammonium  to  neutral  acetate  of 
lead.  It  is  a  gelatinous  precipitate,  which,  on  cooling,  aggregates  into  tufts  of  white  or 
rose-coloured  needles.  By  dry  distillation,  it  yields  urea,  and  another  crystalline 
product. 

With  sulphate  of  copper,  thionurate  of  ammonium  gives  a  yellowish-brown  precipitate, 
whith  is  probably  a  cuprous  salt. 

Gregory  (Ck>mpt.  chim.  1845,  p.  118)  mentions  a  peculiar  acid,  containing  the 
elements  of  thionuric  acid  minus  ammonia.  F.  T.  C. 


so. — The  radicle  of  the  sulphurous  compounds :  e^.,  sulphurous 
chloride,  (S0)''C1«  =  chloride  of  thionyl  (p.  642). 

Syn.  with  Thiomamic  Acid  (p.  778). 

Syn.  with  Thionamidb  (p.  778). 

H« 
PH*NSO«    -    (PS)'"|.^,     «     P(NH«)H»SO«. 

Sulphoxi/phosphamic  Acid.  (Gladstone  and  Holmes,  Chem.  Soc.  J.  xviii.  7.) — This 
acid  is  formed  by  the  action  of  aqueous  ammonia  on  sulphochloride  of  phosphorus. 
(Respecting  the  mode  of  formation  of  this  and  the  following  acid,  see  iv.  606.)  The 
sulphochloride  added  to  strong  aqueous  ammonia  diluted  with  an  equal  bulk  of  water, 
dissolves  slowly  on  agitation,  and  forms  an  acid  liquid  containing  sal-ammoniac  and 
thiophosphomic  acid.  The  latter  has  not  been  isolated,  but  its  neutralised  solution 
yields,  with  solutions  of  heavy  metallic  salts,  a  series  of  salts  resembling  the  thiophos- 
phodiamates  {infra),  and  represented  by  the  formula  PNH'M''SO*.  No  precipitates 
are  obtained  with  solutions  of  nickel,  cobalt,  iron,  aluminium,  barium,  calcium,  or  mag- 
nesium. A  solution  of  potassio-stannous  chloride  forms  a  white  bulky  precipitate, 
soluble  in  hydrochloric  acid.  Mercuric  chloride  throws  down  yellow  mercuric  sulpho- 
chloride, wluch,  in  presence  of  excess  of  thiophosphamic  acid,  turns  black — a  reaction 
which  may  serve  to  distinguish  this  acid  from  the  following. 

^'  )n« 

PH*N-SO  =  (PS)"'Vq    «  P(NH«)«HSO. 

Sidphoxyphosphodiamic  Acid.  (Gladstone  and  Holmes, /«?.«<.) — Amonobasie  acid 
formed,  together  with  sal-ammoniac,  by  the  action  of  ammonia-gas,  or  of  the  strongest 
aqueous  solution  of  ammonia,  on  sulphochloride  of  phosphorus.  The  sulphochloride 
takes  up  about  4  at.  ammonia  (40  per  cent,  of  its  weight),  and  is  converted  into  a 
white  mass,  easily  soluble  in  water,  and  forming  an  acid  solution,  which,  when 
neutralised,  yields  thiophosphodiamatos,  P(NH*)^''SO  and  P*(NH*)<M*S*0-, 
by  double  decomposition.  These  salts  decompose  when  heated,  giving  off  ammonia 
and  sulphide  of  ammonium. — The  cupric  salt,  P*N*H"Cu"S''0',  is  a  yellowish-white 
precipitate,  insoluble  in  dilute  hydrochloric  acid  and  in  ammonia,  soluble  in  cyanide 
of  potassium,  and  turning  brown  when  heated. — The  zinc-salt,  P^^H^Zn^S^O',  is  a 
white  flocculent  precipitate,  easily  soluble  in  dilute  acids  and  in  ammonia. — The 
cadmium-salt,  P-N*H'Cd"S'0',  exhibits  similar  properties. — The  lead-salt  is  obtained, 
on  aflding  chloride  of  lead  to  the  neutralised  solution  of  the  acid,  as  a  white  precipi- 
Xfii^,  soluble  in  dilute  nitric  acid,  and  turning  black  when  heated  with  water. — The 
silver-salt  was  obtained,  mixed  with  silver-chloride,  as  a  white  precipitate,  insoluble  in 
dilute  nitric  acid,  turning  black  in  presence  of  excess  of  silver. — Stannous  chloride 
and  mercuric  chloride  form  white  precipitates,  the  latter  of  which  quickly  passes 
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nitrat«  of  eilTor,  &c.  It  gradually  decolorises  ferric  chloride,  and  fbrms  a  floeeoleiit 
precipitate  on  boiling.  It  likewise  decolorises  a  moderatelj  strong  solntion  of  cnprie 
sulpb&te,  the  liquid  then  depositing  bine  flocks  on  addition  of  alcohoL  When  warm, 
H  dinsoWes  recently  precipitated  chloride  of  silyer,  the  liquid  becoming  milky  as  it 
cools,  and  depositing  a  pitchy  sabstance,  containing  thiosinamine  and  chlonde  of 
silver. 

Comf/inations. — Thiosinamine  does  not  form  crystallisable  salts  with  wlphurie,  nUric, 
acftic^  or  oxalic  acid. 

The  hydrocUorait,  C^H'N^.HCl,  is  produced  by  passing  dry  hydrochloric  add  gas 
over  dry  thiosinamine  at  a  gentle  heat.  The  product  gives  off  vapours  of  hydxochlorie 
acid  when  exposed  to  moist  air.     (Will.) 

The  chlorc^latinaie,  2(C*H*N%.uCl).RCl^  is  obtained  by  saturating  thiosinamine 
with  hydrochloric  acid  gas,  and  mixing  the  cold  aqueous  solution  of  the  resulting 
hydrochlonite  with  platinic  chloride.  It  is  a  yellowish-red  precipitate,  consisting  of 
lio<Klle-8haped  rhombic  crystals ;  melts  and  blackens  at  a  gentle  heat,  and  decomposes 
at  higher  temperatures,  leaving  sulphide  of  platinum.  If  the  liquidis  are  mixed  hot, 
or  if  the  platinic  chloride  contains  nitric  acid,  or  if  a  dark-coloured  solution  of  thio- 
sinamine in  aqueous  hydrochloric  acid  is  used,  precipitates  of  variable  composition  are 
formed.     (Will.) 

(Csr 

A  chhromercuraie,  containing  2Hg''Cl*.C«H»N»S,  or  Hg'Cl'  +  2HC1 .  NV  C«H»  , 

is  obtained,  as  a  curdy  white  precipitate,  by  mixing  the  aqueous  solutions  of  mercuric 
chloride  and  hydrochlorate  of  thiosinamine.    It  is  soluble  in  acetic  acid.     (Wi  1 1.) 

A  compound  of  thiosinamine  with  nitrate  of  silver,  N0*Ag.OH'N*S,  is  produced, 
by  mixing  the  concentrated  aqueous  solution  of  thiosinamine  and  nitrate  of  silver,  as 
H  white  cr^'stallino  precipitate,  which,  after  washing  with  water,  and  diying  at 
100^,  forms  a  grecnish-whito  mass,  slightly  alterable  on  exposure  to  light  Boiling 
wnter  decomposes  it  into  sulphide  of  silver,  and  other  products  not  yet  examined. 
Aqueous  sulphydric  acid  converts  it  into  thiosinamine  and  sulphide  of  silver. 
(Will.) 

Derivatives  of  Thiosinamine. 

Bromothioalnamine,  C^H'BrN^S.  (Maly,  J.  pr.  Chem.  c.  321 ;  Bull.  Soc  Chim. 
[1867],  ii.  129.)— The  h^drobromate  of  this  base,  C*H^BrN«S.HBr,  is  formed,  as  al- 
ready observed,  by  the  direct  addition  of  bromine  to  thiosinamine  in  alcoholic  solution, 
1  at.  thiosinamine  taking  up  2  at.  bromine  without  evolution  of  hydrobromic  acid.  It 
separates,  on  evaporation,  as  a  crystalline  mass,  soluble  in  water  and  in  alcohol.  It 
mellfl  at  146^ — 147°,  and  at  a  higher  temperature  gives  off  vapours  having  the  irritat- 
ing odour  of  allyl-compounds,  and  leaves  a  very  porous  cinder.  Its  aqueous  solution 
forms,  with  nitrate  of  silver,  a  copious  precipitate  of  chloride  of  silver,  and  with  pUttinie 
chloride,  brilliant  orange-yellow  scales  of  the  chloroplatinate,  2(C'H'BrN'S.HBr). 
PtCl*. 

Chloride  of  silver  added  to  the  aqueous  solution  of  the  hydrobromate  removes  half 
the  bromine,  forming  bromide  of  silver  and  hydrochlorate  of  bromothiosina- 
mine,  C*II'BrN'8.UCl,  which  is  soluble  in  water  and  in  alcohol,  and  is  deposited 
from  the  aqueous  solution  in  crystals  grouped  like  wavellite, — from  the  alcoholic  solu- 
tion in  more  bulky  cirstals,  apparently  belonging  to  the  monoclinic  system.  It  melts 
at  129° — 130°. — yiith  plaiintc  chloride,  it  forms  orange-yellow  shining  scales  of  the 
chloroplatinate,  2(C'H3rN»S.HCl).PtCl*,  insoluble  in  boiling  alcohol,  soluble  in 
boiling  water,  and  partly  decomposed  thereby ;  and  with  auric  chloride  a  dark  red- 
purple  precipitate  of  a  cnloroaurate,  together  with  bromide  of  gold. 

llydrate  of  bromothiosinammonium,  C*ll"BrN'S.H.O. — A  solution  of  hydrobromate 
of  bromothiosinamine,  treated  with  oxide  of  silver,  yields  bromide  of  silver  and  a 
strongly  alkaline  bitter  liquid,  which  may  be  evaporated  to  a  syrupy  consistence ;  and 
when  treated  with  hydrochloric  acid,  yields  hydrochlorate  of  biomothiosinamine. 

Amyl-tbioaliiainliie,  obtained  bv  the  direct  combination  of  allylic  sulphocya- 
Datc  with  amylamine,  is  an  uncrystallisable  syrup,  which  yields  a  crystalline  chloro- 
platinate.    (Hinterberger,  Ann.  Ch.  Fharm.  Lxxxiii.  346.) 

[(CS)' 
Btby l-tbioainamine,  C*H"N=S  =  N«  \  ^'^* .— Thiosinethylamine,     (II  i  n  t  e  r  - 

berger,  loc.cif, — Weltzien,  Ann.  Ch.  Pharm.  xciv.  103.) — Formed  by  the  direct  com- 
bination of  allylic  sulphocyanate  or  sulphocarbimide,  N(CS)''(C*H*),  with  ethylamine. 
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eight  or  ten  hours,  with  400  gnns.  of  a  concentrated  solution  of  ammoniom-salphite,  a 
bmall  quantity  of  ammonium-carbonate,  and  a  litre  of  absolute  alcohol,  the  ammoniacal 
difitilUite  being  continually  poured  back,  till  the  liquid  assumes  an  acid  reaction  ;  and 
the  cooled  solution,  filtered  from  the  orstals  which  separate,  is  concentrated,  with  ad- 
dition of  ammonium-carbonate.  The  red  solution,  on  cooling,  deposits  benzylsolphamate 
of  ammoDium,  in  radiate  croups  of  slender  needles,  which  may  be  rendered  colourless 
by  repeated  levigation  with  ether.  This  salt  is  easily  soluble  in  water  and  in  alcohol, 
insoluble  in  ether.  It  is  permanent  in  dry  air,  but  turns  red  in  contact  with  moist 
air.  Wlien  heated  it  first  melts,  and  then  chars.  Its  aqueous  solution  is  not  percep- 
tibly altered  by  acids,  even  at  the  boiling  heat,  and  for  the  most  part  does  not  yield 
precipitates  with  metallic  salts.  Chlorine  separates  from  it  yellow  oily  drops,  haring 
the  odour  of  tetrachloroquinone. 

The  barium-salt,  prepared  by  adding  the  ammonium-salt  to  baryta-water,  boiling 
till  all  the  ammonia  is  expelled,  precipitating  the  excess  of  barium  by  carbonic  add, 
and  evaporating  the  filtrate,  forms  white  crystalline  crusts. — The  pottusiuni-talt, 
C^"KNSO',  obtained  by  boiling  the  ammonium-salt  with  carbonate  of  potassium, 
evaporating  to  dryness,  and  exhausting  the  residue  with  boiling  absolute  alcohol, 
separates  from  the  alcoholic  solution,  on  cooling,  in  small  nodular  groups  of  crystals, 
less  soluble  in  water  and  in  alcohol  than  the  ammonium-salt. — The  sodium-salt^  pre- 
pared in  like  manner,  forms  small,  white,  nodular  crystals,  easily  soluble  in  water, 
sparingly  soluble  in  absolute  aloohoL 

The  acid  has  not  been  obtained  in  the  pure  state.  Neither  does  the  mother-liquor 
of  the  crude  ammonium-salt,  when  treated  with  hydrochloric  acid,  yield  a  compound 
analogous  to  naphthionic  acid. 

TBZOTOXiirOXiZC  ACZB,  C'H*NSH)<,  more  properly,  Benzyldisulphamie 

or  Tolyldisulphamic  acid,  (SO')*rQs,  has  been  already  described  (p.  480). 

H'    ^ 

TBZOVAUBKZC  ACZB.  The  product  of  the  action  of  phosphoric  pentachloride 
on  valerianic  acid. 

•  •  _ 

TBJO&8A  ZULVA.  A  lava  from  Hekla,  consisting  of  a  mixture  of  the  true 
lava-mass  with  thjorsanite  (anorthite)  and  chrysolite,  both  of  which  minerals  occur 
crystallised  in  distinct  cavities  of  the  lava.  The  greyish-black  lava  contains  silica, 
alumina,  ferrous  oxide,  lime,  and  magnesia,  as  principal  constituents,  together  with 
small  quantities  of  soda  and  potash,  and  traces  of  manganese-,  nickel-,  and  cobalt-oxides. 
(Gonth.) 

TB  jbsSAirZTB.  A  Tariety  of  anorthite  occurring  in  the  Thjorsa  lava  on  Hekla, 
in  cr^'stallo-laminar,  brittle,  transparent  masses,  of  white  to  grey  colour,  and  vitreous 
lustre,  nacreous  on  the  cleavage-surfaces.  Specific  gravity  »  2-688  at  17®.  Hardness 
«  6.  Insoluble  in  hydrochloric  acid.  Melts  before  the  blowpipe  in  thin  splinters. 
Contains,  according  to  Genth's  analyses,  48*75  per  cent,  silica,  30*69  alumina,  1*50 
ferric  oxide,  17*22  lime,  0*97  magnesia,  1*13  soda,  and  0*62  potash. 

TBOBKAZTB.  A  name  applied  by  Mayor  (Bergwerksfreund,  viii.  6)  to  a 
quadratic  variety  of  ferrous  carbonate  from  the  Siebengebirge. 

TBOMSOB'ZTB.  Mesolite  (in  part).  Mesotype  (in  part).  Needle  ZeoliU  (in 
part).  Comptonite.  Chalilite.  Tripoclase.  Osarkite. — A  hydrated  silicate  of  aluminiom, 
calcium,  and  sodium,  occurring  in  trimetric  ciystals,  exhibiting  the  combination  odP 
.  ooPoo  .  oP.  2Poo  .  oof  00 .  Axes  a.b-.c-  1  :  10117  :  0*7225.  Angle  ooP  :  ooP 
=-  90°  40';  oP  :  Poo  .  144^9'.  aeavage  easy  parallel  to  ooPoo  and  ooPoo.  The 
mineral  likewnse  occurs  columnar,  with  radiated  structure,  and  amorphous.  Hurdness 
«»  6  to  6-5.  Specific  gravity  =  2*35  to  2*4.  Lustre  yitreous,  inclining  to  pearly. 
Colour  enow-white  ;  brown  in  impure  varieties.  Streak  uncoloured.  Transparent  to 
translucent.  Fracture  uneven.  Brittle.  Before  the  blowpipe  it  intumesces,  becoming 
white  and  opaque,  the  edges  only  being  rounded  at  a  white  heat.  When  pulverised,  it 
gelatinises  with  nitric  or  hydrochloric  acid. 

Analyses:— a.  Lochwinnock,  Renfrewshire  (Thomson's  Outlines^  i.  316). — 
h.  Dumbarton  (Berzeli us,  Berz.  Jahresb.  ii.  96). — c.  Seeberg,  near  Kaaden,  Bohemia : 
Comptonitc  (Zippe,  Verb.  d.  Ges.  d.  vat.  Mus.  in  Bohmen,  1836,  p.  3). — d.  Elbogen. 
Bohemia:  Comptonite  (Melly,  J.  pr.  Chem.  xiv.  511). — e.  The  Cyclopean  Isles,  near 
Catania;  accompanied  by  analcime  and  mesolite  (Sart.  v.  Waltershausen,  Vulk. 
Gest.  pp.  272,  286).—/.  Between  the  Bulandstind  and  the  Berufjord,  Iceland:  pale- 
yellow,  intergrown  with  scolecite;  specific  gravity  =  2*362  (v.  Waltershausen). — 
g.  Magnet  Cove,  Arkansas:  in  elseolite;  specific  gravity  =»  2*24  (Smith  and  Brush, 
Sill.  Am.  J.  [2],  xn.  41). — h.  Dalsmypen,  Faroe  Islands  (Retzius,  Berz.  Jahresb. 
iv.  154).— t.  Hauenstein,  in  Bohemia:  formerly  called  mesolUe;  specific  gravity  =» 2*367 
(Rammelsberg,  Pogg.  .\nn.  xlvi.  286): 
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soluble,  almost  deliquescent,  but  may  be  dehydrated  by  ignition  in  hydjorhloric  add 
fi^s.  It  is  likewise  soluble  in  alcohol.  When  heated  with  potassium,  it  yielda  metallic 
thorinum.     (Berzelius.) 

Oxychloride. — Id  the  preparation  of  the  chloride,  as  above  described,  tiiis  eomponnd 
passes  over  with  the  excess  of  chloride  as  a  white  cloud,  which  condenses  to  a  white 
amorphous  powder.  It  is  decomposed  by  water,  which  dissolves  chloride  of  thorumiD, 
leaving  the  oxide. 

TBOSXWM,  BBTSCTZOW  AVB  BSTZBCaTZOW  OF.  Before  the  blow- 
pipe, thorinum  is  distinguished  rather  by  negative  than  by  positive  charscteis,  its 
oxide  being  unaUcrable,  infusible,  and  dissolving  with  great  difficulty  in  borax ;  tlie 
strongly  saturated  bead  becomes  milk-white  on  cooling ;  it  does  not  form  a  coloured 
glass,  cither  with  borax  or  with  microcosmic  salt. 

Thorinum  is  precipitated  from  its  neutral  solutions  by  sulphide  of  ammomiMi, 
by  ammonia,  and  hy  potash,  as  a  white  hydrate,  insoluble  in  potash. — The  fixed  alkaline 
carf>oiiatts,  and  carbonate  of  ammonium,  precipitate  carbonate  of  thorinum,  soluble  in 
excess  of  the  precipitant ;  ammonia  forms  no  precipitate  in  this  solution,  as  it  does  in 
the  corresponding  solution  of  zircon i a. — A  solution  of  tborinum-chloride  is  prcdpi- 
tjited  hy  jerrocyanide  of  potassUan,  which  does  not  form  any  precipitate  with  chloride 
of  zirconium. —  Sulphate  of  potassium  produces,  witli  thorinum-salts,  a  crystalline  predpi- 
tute  of  potaHsio-thorinic  sidphate,  soluble  in  boiling  water,  but  insoluble  in  excess  of 
the  potassium-Kulphate, — a  character  which  senses  to  distinguish  thorinum  from 
yttrium.  From  cerium  and  the  allied  met^ds,  thorinum  is  distinguished  by  the 
repletion  of  its  solutions  with  hyposulphite  of  sodium,  which  precipitates  tborina,  but 
not  the  oxides  of  the  cerium-metals;  from  cerium  and  didymium  also  by  not  giving 
any  coloured  reactions  before  the  blowpipe. — From  titanium,  tantalum,  and  nio- 
bium, it  is  also  distinguished  by  its  behaviour  before  the  blowpipe,  and  in  solution 
by  its  reaction  with  oxalic  acid,  which  forms  a  white  precipitate  of  thorinum-oxalate. 

Thorinum  is  estimated  as  oxide.  It  is  precipitated  by  ammonia  as  a  hydrate, 
which  on  ignition  yields  the  pure  oxide. 

The  methods  of  separating  thorinum  from  other  metals  are  indicated  in  the  preceding 
paragraph.  Precipitation  with  sulphate  of  potassium  in  excess  serves  to  separate  it  from 
all  tlie  metals  contained  in  the  sulphide  of  ammonium  precipitate,  except  zirconium  and 
the  cerium-metals. — From  z  i  r  co  n  i  a  it  may  be  separated  by  treating  the  mixed  solution 
with  oxalic  acid,  which  precipitates  both  the  metals  as  oxalates ;  but  on  adding  a  slight 
excess  of  oxalic  acid,  the  oxalate  of  zirconium  dissolves  completely,  leaving  the  oxalate  of 
thorinum  behind  (H.  Rose,  Traitk  de  Chimie  Ana/ytigite,  ii.  101). — From  the  cerium- 
metal  s  thorinum  may  be  separated,  as  already  observed,  by  means  of  sodic  hyposul- 
phite, which  precipitates  the  thorinum  as  hyposulphite  (Chydenius).  The  precipita- 
tion, however,  is  not  complete,  and,  according  to  Hermann  (J.  pr.  Chem.  xciii.  106), 
every  1,000  pts.  of  water  retain  in  solution  0'85  pt.  of  thorina,  or  in  presence  of  salts 
rather  less.  To  cflfect  the  separation,  Hermann  converts  all  the  bases  into  neutral 
sulphates,  dissolves  10  pts.  of  these  mixed  sulphates  in  1,000  pts.  of  water,  and  heats 
the  solution  to  the  boiling-point  with  4  pts.  of  sodic  hyposulphite.  A  precipitate  of 
thorinic  hyposulphite  is  then  formed,  while  the  whole  of  the  cerium-metals  remain  in 
solution.  The  precipitate,  when  ignited,  leaves  pure  thorina,  which  must  be  weighed, 
and  its  weight  corrected  for  the  amount  remaining  in  solution,  amounting  to,  as  above 
stated.  0-86  pt.  The  cerium  must  be  previously  brought  to  the  state  of  cerous  salt, 
if  not  already  in  that  state. 

From  titanium,  tantalum,  and  niobium,  thorinimi  is  most  easily  separated  by 
precipibition  with  oxalate  of  ammo7nuin. 

Atomic  Weight  of  Thorinum, — The  atomic  weight  of  this  metal  has  been  deter- 
mintnl  by  the  analysis  of  the  sulphate,  Th"SO*  or  ThO.SO*.  B  erzelius,  in  two  experi- 
ments, obtained  the  numbers  119*32  and  117"75,  and  from  the  mean  of  fifteen  analyses 
of  potassio-tliorinic  sul]>hato,  Th"K*(SO*)*,  not  agreeing  very  closely,  the  number 
1 1 8*2.  Chydenius,  partly  from  his  own  (not  very  accordant)  experiments,  and  partly 
from  those  of  IJorzelius,  calculates  the  number  118-32.  Delafontaine  (N.  Arch, 
ph.  nat.  xviii.  343  ;  Jahresb.  1863,  p.  198)  found,  as  a  mean  of  a  considerable  number 
of  closely-agreeing  analyses,  that  the  sulphate  crystallised  from  hot  solutions, 
4ThSO*.9lPO,  contains  52-51  per  cent.  ThO,  31-92  SO',  and  15-80  H«0;  and  that  the 
salt  crystallised  at  ordinary  temperatures,  2ThSO*.9H*0,  contains  45*06  per  cent.  ThO, 
and  28*68  H-0 :  hence  the  atomic  weight  of  thorinum  is  found  to  be  115*72,  the  num- 
ber now  adopted. 


C,  nurORIBB  OP.  ThF^— Berzelius,  by  treating  hydrate  of  thori- 
num with  hydrofluoric  acid,  and  evaporating  off  the  excess  of  acid,  obtained  the  fluoride 
as  an  (namel-white,  heavy,  insoluble  powder,  not  decomposed  by  ignition,  and  only  im- 
perfectly when  heated  with  potassium. — The  hydrated  jtuoride,  ThP,2fl*0,  is  obtained. 


788  THORINUM :  OXYSULPfflDE— THUJA* 

rrystal!,  which  give  off  9*77  per  cent  water  in  drying. — ^The  nwlybdaie  is  a  white 
flocculent  precipitate,  soluble  in  hydrochloric  acid  (Chydenins). — The  niiraU^ 
oxalate,  phosphate,  and  sulphate  are  described  under  their  respective  acidc 

TMOXZWBK,  OXWjnnU^ma^m  or.     See  below. 

TKOSUillMv  PBOSPSIBa  OF.    When  thorinom  is  heated  in  phospbams- 

▼apour,  the  two  unite  with  incandescence,  forming  a  grey  metallically  lustrous  voMm, 
which  b  not  attacked  by  water,  and  boms  to  phosphate  when  heated.  (Berse- 
lius.) 

TKOSXVUWff  SmLFKZBB  OF.  ThS. — Thorinnm,  heated  with  snlphiir,  bans 
in  the  raponr  with  the  same  splendour  as  in  the  air,  forming  a  yellow  palTemlent  sol- 
phide,  which  ac<^uire8  metallic  lustre  by  pressure,  and  is  but  slightly  attacked  bj  adds ; 
nitromuriatic  acid,  however,  oxidises  it  to  sulphate  (Berselius).  Chydenins,  hy  ignit- 
ing thorina  in  a  mixture  of  hydrogen-gas  ana  vapour  of  carbonic  disnlphide,  ontained 
sulphide  of  thorinum  as  a  black  mass  of  specific  gravity  8*29,  becoming  grey  and  metsl- 
lically  lustrous  by  trituration.  It  is  converted  by  roasting  into  thorina,  is  not  attacked 
by  hydrochloric,  and  only  slowly  by  nitric  acid,  but  dissolves  completely  in  nitionni- 
riatic  acid.  By  fusion  with  potassium-hydrate  it  is  converted  into  thorina,  and  by  bett- 
ing in  chlorine-gas  into  chloride  of  thorinum ;  it  is  not  altered  by  ignition  in  hydrogen. 

When  thorina  is  heated  only  to  low  redness  in  the  mixture  of  hydrogen  and 
carbonic  disulphide,  anoxysulphide  is  formed,  probably  ThS.2ThO.  (Chyde- 
nins.) 

TBOBZTB.  Orangite. — A  hydrated  silicate  of  thorinum,  occurring  on  the  island 
of  Lovon,  not  far  from  Brevig  in  Norway.  It  is  mtissive  and  compact,  of  black  colour, 
with  vitreous  lustre,  opaque  to  translucent  on  the  edges  ;  streak  greyish-xed.  Brittle. 
Hardness  ■*  4*5  to  6.  Specific  gravity  ■■  4*63.  Before  the  blowpipe  it  becomes 
brown-red,  does  not  melt  when  heated  by  itself,  but  forms,  with  borax,  a  glass  coloured 
by  iron,  and  on  addition  of  soda,  exhibits  the  manganese  reaction.  £i  its  natural 
state,  it  dissolves  in  hydrochloric  acid,  with  evolution  of  chlorine  and  separation  of 
gelatinous  silica,  but  after  ignition  it  is  scarcely  attacked  by  hydrochloric  acid. 

The  variety  called  aranffite,  found  in  the  ziroon-syenite  near  Brevig,  is  yellowish  or 
yellow  to  brown,  yields  an  orange-yellow  powder,  is  translucent  or  transparent  in  thin 
splinters,  has  a  specific  gravity  »  5'2  to  5*4,  and  hardness  »  4*5. 

Analyses:  — a.  Thorite  (Be  rzeli  us,  Pogg.  Ann.  xvi.  385). — b.  Thorite,  black,  almost 
glassy:  specific  gravity  «  4'686  (Bergemann,  ibid.  Ixxiii.  561;  Ixxzv.  66S). — 
0,  d,  e.  Orangite:  c  by  Bergemann,  d  by  Damour  (ilnd.  Ixxxv.  565),  s  by  Berlin 
(ibid.  Ixxxv.  556) : 

StOX      Tha    U20S.  fVlOI.  MbSOI.  CoO.     MgO    KSO.    NaSO.  PbO.  8bO>.  AISO*.  B9Q. 
a.   19-31     AS  91     1-64    3*46     2'48      2-6S    0*36    0-15    Oil    082    0*01    0*06    9*66  b    99'M 
*.    19-21    67  00 9-17  s 


"V 


c.  17*69    7125      .  .     0-31      0*31      4*04     .  .  030  6*90  a  100-70 

d.  17*52    71-65    113    0-31      0*28      1*59     .  .     014    033    0-88     .  .     0*17    6*14  a  100-|4 


V- .       -^ 


e.    17-78    73-29        0-96  •         .  .       0 92 7*12  a  10007 

The  analysis  of  thorite  by  Berzelius  leads  to  the  formula  Th*SiO*.2H*0 ;  those  of 
orangite  to  the  formula  3Th*SiO*.4H*0 ;  but  the  difference  of  composition  is  most 
probably  only  apparent,  and  due  to  impurity  in  the  thorite ;  indeed,  orangite  firequently 
occurs  t*o  intimately  inter^wn  with  thorite  as  to  show  that  the  two  minerals  are  essen- 
tially identical,  the  orangite  being  merely  the  purer  variety. 

Syn.  with  Thobtnum. 

A  variety  of  hisingerite  from  Bodenmais  m  Bavaria  (iii.  102). 
.  (from  «f)(5o|,  lettuce).— The  inspissated  milky  juice  of  the 
common  lettuce,  Lactuca  sativa  (that  obtained  from  L.  virosa  is  called  lactucarinm 
(iii.  464).  It  is  a  grey-brown  or  yellow  bitter  substance,  having  an  odour  like  that 
of  opium,  and  forming  with  water  a  solution  which  has  a  brown-yellow  colour  and  add 
reaction.  Tannin  forms  in  it  a  copious  precipitate ;  ammonia  throws  down  phosphate 
of  calcium  ;  nitrate  of  banum,  nitrate  of  silver,  oxalate  of  ammonia,  and  alcohol  pro- 
duce turbidity.  It  is  said  to  produce  a  sedative  action,  but  the  nature  of  the  active 
principle  is  not  exactly  known.     (Handw.  d.  Chem.  viii.  821). 

TSOtOMBOXiZTB.    A  cupric  phosphate  occurring  at  Betzbanya  in  Hungary. 

TBSIXrO-HOA-XiZAO.  The  Chinese  name  for  a  cobaltiferous  aluminic  silicate 
used  in  the  manufacture  of  porcelain  ;  also  applied  to  a  cobaltiferous  manganese-orO) 
used  for  producing  a  blue  colotur  on  porcelain. 

TRir^A.  The  branches  of  ITiuja  occidentalism  the  North- American  Arbor  tniof, 
contain  an  essential  oil,  wax,  resin,  several  acids  (probably  including  citric  acid),  a 

.  *  With  traces  of  itannic  and  ranadlc  oxldei. 
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Thujetin  is  nearly  insolnble  in  water^  but  disBolres  in  alcohol  and  in  ether.  It  is 
not  altered  by  dilute  hydrochloric  or  sulphuric  acid.  Its  alcoholic  solution  assumes  a 
splendid  blue-green  colour  on  addition  of  ammonia ;  green  with  potash,  becoming 
yoUow,  and  finally  red-brown  on  standing,  and  then  yielding  red  flocks  with  acids.  It 
forms  red  precipitates  with  the  ne%Ural  and  basic  acetates  of  lead,  colours  ferric  chloride 
like  ink,  and  after  a  while  throws  down  a  dark-coloured  precipitate.  It  ooloum  stamme 
chloride  dark-yellow,  nitrate  of  silver  blackish-grey,  and  plaiinic  chloride  gradually  yel- 
lowish-brown. 

By  boiling  with  baryta-tDater,  it  is  converted  into  thujetic  acid :  C"H*"0**— 3H"0  ■■ 
C"H«0'«. 


C»H«*0'*.  (Rochlcdor  and  Kawalier,  Wien/ Akad.  Ber. 
xxix.  10). — A  compound  occurring  in  very  small  quantity  in  Frondes  77lt(;>,  the  greai 
parts  of  ITiitja  occidentalism  and  produced,  together  with  sugar,  when  thigin  ia  heated 
with  hydrochloric  acid  (p.  791). 

Preparation. — Comminuted  Frondes  Thuja  are  boiled  with  alcohol ;  the  decoction  is 
strained  and  left  to  cool ;  the  deposited  wax  is  separated  ;  the  alcohol  is  distilled  £com 
the  filtrate ;  and  the  residue  is  mixed  with  water,  a  few  drops  of  solution  of  neutral 
acetate  of  lead  being  added  to  facilitate  the  filtration.  The  filtrate  is  completely  pre- 
cipitated by  neutral  acetate  of  lead,  and  the  yellow  precipitate  (a),  containing  thigin  and 
thmetin,  is  used  for  the  preparation  of  these  substances.  The  filtered  liquid,  mixed 
with  basic  acetate  of  lead,  yields  a  second  precipitate  {b)  containing  thujigenin. 

a.  Preparation  of  ITiitjin. — The  precipitate  a  is  washed  with  water,  and  dissolved  in 
dilute  acetic  acid  ;  the  liquid  is  filtered  from  undissolved  matter ;  the  filtrate  prwnpx- 
tatod  with  basic  acetate  of  lead  ;  the  washed  precipitate  decomposed  under  water  by 
sulphydric  acid ;  the  liquid  heated  with  the  sulphide  of  lead,  and  filtered  hot ;  the 
sulphide  of  lead  washed  with  a  small  quantity  of  hot  water;  and  the  filtrate,  after 
being  freed  from  sulphydric  acid  by  heating  it  in  a  stream  of  carbonic  anhydride,  is 
evaporated  in  a  vacuum  over  oil  of  vitriol.  The  liquid,  after  standing  for  some  days, 
deposits  crystals  of  thujin,  which  are  collected,  di.^-solved  in  boiling  water,  with  addi- 
tion of  alcohol,  again  left  to  crystallise,  and  recrystallised  till  the  solution  of  the  sub- 
stance in  weak  spirit  no  longer  turns  green  on  addition  of  ammonia.  The  sulphide  of 
lead  still  retains  a  small  portion  of  thi\jin,  which  may  be  obtained  by  boiling  with 
alcohol. 

b.  Prrparation  of  Thujigenin. — The  precipitate  A,  formed  by  basic  acetate  of  lead, 
is  washed,  suspended  in  water,  and  decomposed  by  sulphydric  acid :  and  the  liquid  is 
heated  with  the  sulphide  of  lead,  and  filtcrtd  hot  through  a  warmed  filter.  The  filtrate, 
heated  as  above  in  a  stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  deposits 
flocks  of  thujigenin. 

c.  If  Xhi".  chief  object  is  to  obtain  thujigenin,  the  liquids  obtained  by  decomposing 
with  sulphydric  acid  the  two  precipitates  {a  and  h)  produced  by  neutral  and  basic  acetate 
of  load,  are  evaporated  till  thujin  and  thujetin  separate  out  from  tliem:  these  sub- 
stances are  r(»moved,  and  the  filtrate  is  mixe<l  with  hydrochloric  acid,  warmed  in  the 
water-bath  till  it  begins  to  show  turbidity,  and  then  quickly  cooled.  It  then  deposits 
thujigenin,  which  must  bo  collected,  dissolved  in  alcohol,  and  precipitated  by  water. 

By  further  heating  the  liquid  from  which  the  thujigenin  has  separated,  and  then 
cooling  it,  thujetin  is  obtained,  contaminated  with  a  red  substance,  from  which  it 
may  be  freed  by  repeated  solution  in  alcohol  and  precipitation  with  water. 

Properties  and  Reactions. — Thujigenin  forms  microscopic  needles  very  slightly 
soluble  in  water,  but  soluble  in  alcohol,  and  precipitated  almost  completely  by  water. 
When  boiled  with  chloride  of  acetyl^  it  turns  red.  and  after  prolonged  action,  is  con- 
verted into  acetyl-thujigenin,  C''H''*(C*H*0)*0'*,  a  resinous  bcdy  precipi table  by 
water. 

The  investigation  of  thujigenin  is  still  incomplete;  it  remains  to  be  determined 
whether  this  substance  can  bo  formed  artificially,  and  how  far  it  differs  from  thiyetin. 


C*>II«0".  (Rochloder  and  Kawalier,  ^o<?.  c?7.)— A  crystallisable 
glucoside,  occurring  in  the  green  parts  of  Thuja  occidentalism  The  mode  of 'preparing 
it  has  just  been  described.  240  lbs.  of  Frondes  Thuja  yield  only  a  few  grammes  of 
thujin. 

Thujin  forms  shining  lemon-yellow  crystals,  appearing  under  the  microscope  as 
four-sided  tables.     It  has  an  astringent  taste,  and  is  soluble  in  alcohol. 

The  alcoholic  solution  is  coloured  yellow  by  ainmonia  or  potash^  red-brown  with 
access  of  air,  and  yields  a  fine  yellow  precipitate  with  neutral  or  basic  acetate  of  lead. 
It  is  coloured  dark-green  hy  ferric  chloride,  does  not  precipitate  cupnV;  sulphate, platinio 
chloride,  or  nitrate  of  silver,  but  the  silver-solution  becomes  blacldsh-grey  on  addition 
of  ammonia. 

%pcsitions. — 1.  Thujin  heated  on  platinum-foil  bums,  and  leaves  a  carbona- 
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C>*H'«.  (Lallomand,  Ann.  Ch.  Phys.  [3],  xlix.  156.V— A  hydro- 
carbon  belonging  to  the  camphene-group,  and  constitntmg  the  most  volatile  portion  of 
the  oil  of  garden  thyme,  distilling  between  160<»  and  185°  (p.  791).  It  may  be 
purified  by  agitation  with  potaah-ley,  and  repeated  fractional  diatillatioii  orer  pota^* 
eium-hydnito ;  after  this  treatment,  however,  it  nsually  still  retains  a  small  qnanti^ 
of  cymene,  which  may  be  removed  by  fractional  distillation. 

Thymene  is  a  colourless  oil,  having  an  agreeable  odour  of  thyme,  boiling  at  160® — 
165^,  and  of  epecific  gravity  0-868  at  20®.  It  deflects  the  plane  of  polarisation  to  the 
left,  but  less  strongly  after  repeated  rectification  over  caustic  potash  (Lallemiand).  It 
dissolves  in  oil  of  vitriol^  with  rise  of  temperature,  and  yields  by  distillation  the  same 
products  as  oil  of  turpentine. — It  absorbs  hydrochloric  acid  gas^  with  slight  rise  of 
temperature,  and  forms  a  compound  which  remains  liquid  at  —  20°,  and,  after  puri- 
fication with  chalk  and  animal  charcoal,  contains  20  per  cent,  chlorine.  (Lalle- 
mand.) 

From  the  volatile  oil  of  the  seeds  of  Ptychotis  Ajowan,  Stenhoose  obtained,  by  firae- 
tional  di8til]|ktion,  dehydration  with  chloride  of  calcium  of  the  portion  which  passed 
over  below  176*^,  distillation  over  caustic  potash,  treatment  with  sodinm,  and 
rectification,  a  colourless,  strongly  refracting  oil,  having  a  pungent  aromatic  odour, 
different  from  that  of  oil  of  thyme,  of  specific  gravity  0*854  at  12®,  and  boiling  at 
172®.  It  formed  with-hydpochloric  acid  gas  a  brown  thin  liquid.  It  contains  88*24 
per  cent  C  and  11*5  H,  and  is  therefore  C'*H'*,  and  perhaps  identical  with  Lalle- 
mand's  thymene.  According  to  Haines  (Ann.  Ch.  Pharm.  xcviii.  315),  it  oonsiBtfl  of 
cymeno,  C'*H'*. 

A.CZ]>.    Syn.  with  Thymotic  Acid  (p.  795). 

This  name  was  applied  by  Gorup-Besanez  to  a  crystallisable, 
slightly  basic  substance,  obtained  from  the  thymus-gland,  which,  however,  he  after- 
wards found  to  be  identical  with  leucine. 


C»«n>«0«.  (Lallemand,  Ann.  Ch.  Phys.  xlix.  160;  Ann.  Ch. 
Pharm.  cii.  119.) — A  product  of  the  oxidation  of  thymol.  It  is  obtained  by  dissolving 
thymol  in  excess  of  sulphuric  acid,  diluting  the  liquid  with  five  or  six  times  its  volume 
of  water,  and  gradually  mixing  it  in  a  retort  with  manganic  peroxide  or  potassic 
dichromate ;  great  heat  is  then  evolved,  and  on  distilling  the  liquid,  water  posses  over, 
together  with  formic  acid,  and  a  yellow  oil  which  soon  solidifies.  This  substance, 
which  is  thymo'il,  may  be  purified  by  recrystallisation  from  ether-alcohol. 

Thymoil  forms  reddish-yellow,  four-sided,  shining,  crystalline  laminae,  having  an 
aromatic  odour,  recalling  at  the  same  time  that  of  iodine  and  that  of  chamomile.  It 
is  heavier  than  water^  only  slightly  soluble  therein,  sparingly  soluble  also  in  alcokolf 
easily  in  ether.  It  melts  at  48®,  gives  off  copious  vapours  at  100®,  sublimes  at  a 
stronger  heat,  and  boils  with  partial  decomposition  at  about  235®,  learing  in  the  retort 
a  dark-red  oily  residue,  which  solidifies  on  cooling  to  a  violet  metallically  lustrous 
mass. 

Thymoil  is  easily  altered  by  light ;  when  exposed  to  sunshine  for  some  days  in  a 
sealed  tube,  it  becomes  quite  black,  and  is  converted  into  a  mixture  of  several  com- 
pounds, from  which  alcohol  extracts  thymoilol  and  thy  me  id,  together  with  other 
substances,  and  leaves  a  small  quantity  of  a  yellowish  powder,  consisting  of  oxythy- 
moil,  C'H'^O*.  This  body  is  insoluble  in  water  and  in  alcohol,  sparingly  soluble  in 
ether,  melts  without  decomposition  at  100®,  is  insoluble  in  alkahs,  and  is,  on  the 
whole,  a  very  indifferent  substance. 

Thymo'il  dissolves  in  strong  sulphuric  or  nitric  acid  at  ordinary  temperatures,  and 
is  separat<Ki  therefrom  unaltered  by  water.  If  the  action  of  the  acids  be  long  con- 
tinued, or  assisted  by  heat,  decomposition  takes  place,  but  the  products  have  not  been 
examined. 

Chlorine  acts  slowly  on  thymoil,  and  only  when  assisted  by  heat,  forming  chlorinated 
substitution-products. 

Fused  thymoil  slowly  absorbs  dry  ammonia-gas^  forming  thymoilamide, 
N.H'.C'*H'*0,  a  dark-red,  imcrystallisable,  hard,  brittle  mass,  which  softens  at 
100®,  so  that  it  may  be  drawn  into  threads,  and  is  soluble  in  alcohoL 

lu  contact  with  potash-fey ^  thymo'il  quickly  absorbs  oxygen  from  the  air,  and  dis- 
solves to  a  brown-rod  liquid,  containing  the  potassium-salt  of  thymoi'lic  acid : 

4C"H»«0«   -J-   0"      -      C"H««0'»   +   H«0; 
TbymolL  Thymoilic 

acid. 

The  thymo'ilate  of  potassium  may  be  obtained  by  saturating  the  liquid  with  carbonic 
acid,  evaporating  to  dryness,  and  exhausting  the  residue  with  alcohol;  and  on  decom- 
posing the  solution  of  this  salt  with  hydrochloric  acid,  thymo'ilic  acid  is  obtained,  in 
>Uow  uucrystallisablo  flocks,  sparingly  soluble  iu  water.    All  the  thymoilates. 
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time  after  cooling;  but  if  pure,  it  solidifies  immediately  when  touched  by  a  solid  bodj. 
According  to  Arppe,  it  melts  at  48°,  and  does  not  solidify  till  cooled  to  27°.  Thjrmol 
from  the  oil  oi  Ptychotis  Ajowan  melts,  according  to  Haines,  at  53°  ;  according  to 
Stonhouse,  at  44^.  Thymol  boils  at  230°  (Doveri;  I.allemand),  at  231® 
(H  a  i  n  e  s),  at  222°  (S  t  c  n  h  o  u  s  e),  and  distils  without  decomposition.  VapourHlenaity, 
obs.   e»  6'4 ;  calc.   =   6'2. 

Thymol  dissolves  in  about  300  pts.  of  water,  easily  in  alcohol^  ether,  and  9trong 
acetic  acid,  and  is  not  precipitated  from  the  alcoholic  solution  by  w&tor.  It  is  not 
altered  by  aqueous  ammonia,  but  takes  up  a  large  quantity  of  gaseous  ammonia^ 
becoming  liquid,  but  resolidifying  after  the  ammonia  has  escapod.  It  dissolres  ia 
aqueous  potash  and  soda,  forming  compounds  which  are  solvble  in  water  and  in  aloohd; 
but  are  very  unstable,  being  decomposed  by  acids,  even  by  the  carbonic  acid  of  the  air, 
with  separation  of  thymoL 

When  thymol-vapour  is  passed  over  soda-lime  heated  to  dull  redness,  no  gas  is 
evolved,  but  a  crystallisable  thymolate  of  sodium,  C*'H'*NaO,  is  formed,  whidi 
melts  when  heated,  and  when  dissolved  in  water  forms  precipitates  with  mercuric  chloirida 
and  silver-nitrate.  The  m ere urj-com pound,  which  is  a  basic  salt,  C**H*Hg''0*. 
Hg^O,  has  a  greyish-violet  colour,  is  not  decomposed  at  ordinary  temperatores  by  dilnte 
sulphuric  or  nitric  acid,  but  is  decomposed  by  hydrochloric  acid,  with  8eparati<m  of 
thymol.  Alcoholic  thymol  does  not  precipitate  the  alcoholic  solution  of  neutral  lead- 
acetate;  neither  does  it  precipitate  silver-nitrate,  even  after  addition  of  ammonia. 

Decompositions  of  Thymol. — 1.  Thymol  is  somewhat  altered  by  repeated  distillatioii, 
the  liquid  which  passes  over  containing  less  carbon  than  the  original  substance 
(Stenhouse). — 2.  It  is  decomposed  hy  phosphoric  anhydride,  but  the  products  have 
not  been  obtained  in  very  definite  form. — 3.  Strong  sulphuric  acid,  at  50** — 60^, 
converts  it  into  thymylsulphuricacid  C'^'H'^SO*;  but  when  heated  with  excess  of 
sulphuric  acid  to  240°,  ityields  sulphodraconic  acid  (p.  621). — 4.  It  dissolves  in 
glacial  acetic  acid,  and  subsequent  addition  of  sulphuric  acid  forms  acetothymyl- 
sulphuric  acid,  C»«H'«SO*  =  (C2H'0)(C>''H'«)S0*  (Lallemand).— 5.  Thymol  is 
easily  oxidised  by  chromic  acid,  or  by  a  mixture  of  sulphuric  acid  and  manganic  per- 
oxide, yielding  a  distillate  containing  formic  acid  and  thymoi'l,  C"H"0'  (p.  792), 
and  a  residue  consisting  of  a  brown  acid,  solid  and  friable  at  ordinary  temperatures, 
and  dissolving  with  dark-rod  colour  in  alcohol. — 6.  lOtric  acid,  whether  dilute  or 
concentrated,  acts  violently  on  thymol,  giving  off  nitrous  and  carbonic  anhydrides, 
and  forming  a  number  of  products,  chiefly  resinous  bodies,  and  a  laige  quantity  of 
oxalic  acid. — 7.  Chlorine  in  diffused  dayb'ght  acts  with  great  violence  on  thymol,  with 
rise  of  temperature,  and  elimination  of  hydrochloric  acid  gas,  the  thymol  remaining 
liquid,  and  assuming  a  wine-red  colour  at  the  beginning  of  the  action.  If  too  great 
heat  be  avoided,  the  product  consists  of  trichlorothymol ;  then,  if  the  passage  of  the 
chlorine  be  continued  in  bright  daylight,  a  very  viscid  oil  is  formed,  from  which  penta- 
chlorothymol  gradually  crystallises  (Lallemand). — 8.  Oi/ <>/*  Mv?;?^,  distilled  with 
8  pts.  chloride  of  lime  and  24  pts.  water,  yields  chloroform  (Chautard,  Compt.  rend, 
xxxiv.  486). — 9.  Broinine,  in  sunshine,  converts  thymol  into  pentabromothymol 
(Lallemand). — 10.  Thymol  is  not  altered  by  hydrochloric  acid  (Stenhouse). 
When  hydrochloric  acid  gas  is  passed  over  thymol,  it  quickly  assumes  a  brown, 
and,  after  removal  of  the  excess  of  hydrochloric  acid,  a  purple-brown  colour,  but  does 
not  increase  in  weight  by  more  than  2  to  3  per  cent.,  even  when  heated ;  on  distilling 
the  product,  unaltered  thymol  is  first  obtained,  then  a'  red  substance  (Arppe). — 
11.  Thymol  gently  heated  with  sodium  in  a  stream  of  carbonic  anhydride,  takes  up  the 
elements  of  tlie  latter,  forming  thymyl-carbonic  acid,  C'»H>^b*  ^  C*«H»*O.CO*, 
together  with  thymotic  acid,  an  acid  isomeric  therewith.  (Kolbe  and  Lautemann, 
p.  796.) 

Derivatives  of  Thymol. 

Pentabromotliymol,  C^^H^Br'O. — Thymol  subjected  to  the  action  of  bromine, 
ultimately  in  sunshine,  is  completely  converted  into  a  solid,  white,  earthy  mass  of  penta- 
bromothymol, which  may  be  recrystallised  from  ether,  melts  at  a  rather  high  tempe- 
rature, with  incipient  decomposition  and  evolution  of  hydrobromic  acid,  but  apparently 
without  simultaneoxis  formation  of  hydrocarbon.     (Lallemand.) 

dUorothymolSft — o,  Trichlorothymol,  C'®H"C1*0,  is  obtained  by  passing 
chlorine-gas  into  thymol  in  diflfused  daylight  (taking  care  to  aveid  too  much  heating), 
till  the  thymol  has  absorbed  a  quantity  of  chlorine  equal  to  two-thirds  of  its  weight. 
On  leaving  the  product  to  stand,  longyeUow  needles  are  formed,  which  ultimately  cause 
it  to  solidify :  they  may  be  purified  by  expressing  the  remaining  liquid,  and  recrystal- 
lising  from  ether-alcohoL 
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a  little  resin.  It  ib  purified  by  distillation  with  water,  partly  going  oveir  with  tJie  water, 
and  partly  remaining  as  a  crystalline  deposit  in  the  condensing  tabe. 

Thymotic  acid  thus  prepared  is  a  white,  loosely  coherent,  crystalline  masa,  haviDg 
a  silky  lustre.  It  is  nearly  insoluble  in  cold,  and  only  slightly  soluble  in  boiling 
water ;  from  the  boiling  saturated  solution  it  crystallises,  by  slow  cooling,  in  long  slen- 
der needles ;  when  boiled  with  water,  it  gives  off  pungent  irritating  Ti^poura.  It  melts 
at  120^,  expands  in  solidifying,  and  may  be  si^limea  without  alteration. 

Thymotic  acid,  leit  in  contact  with  a  warm  solution  oi ferric  chloride,  diasolTea  with 
fine  blue  colour;  the  neutral  solution  of  the  ammonium-salt  is  immediatelj  oolonred 
deep  blue  by  ferric  chloride. — Thymotic  add  heated  with  caustic  harjfta  is  resolTed 
into  thjrmol  and  carbonic  anhydride.    (Kolbe  and  Lautemann.) 

By  pentachloride  of  phosphorus^  it  is  converted  into  thy  motide  (Naquet) : 

C"H'^0«   +  PC1»     =     PC1»0   +  2HC1  +   C"H»«0«. 

Thjnnotic  Thymotide. 

acid. 

The  thymotates  of  the  alkali-metals  are  soluble  in  water. — The  barium'Salt  is  obtaiDed 
in  large  tables  or  lamins,  by  dissolving  the  acid  in  baryta- water,  and  separating  tiie 
excess  of  bar^ia  with  carbonic  acid,  or  by  mixing  thymoiate  of  ammoninm  with 
chloride  of  barium,  and  evaporating.  The  lead-,  copper-,  and  silver-salts  are  fiooculent 
precipitates. 

TBTMOTIBa.  C»H<*0<.  (Naquet,  Bull.  See.  Chim.  [1865],  ii.  92.)— A  body 
produced  by  the  action  of  pentachloride  of  phosphorus  on  thymotic  acid  {supra%  or  by 
heating  the  latter  to  200°  with  phosphoric  anhydride.  To  prepare  it,  1  at.  sodic  thy- 
motate  is  heated  with  2  at.  phosphoric  pentachloride  (the  action  begins,  however,  in  the 
cold),  the  heat  being  ultimately  raised  to  200^.  Hydrocliloric  acid  and  phosphoric 
oxychloride  are  then  given  off,  and  a  pasty  mass  remains,  which,  when  freed  from  tba 
oxychloride  by  water,  dissolves  completely  in  ether.  The  ethereal  solution  leaves,  oq 
evaporation,  a  gummy  residue  free  from  chlorine,  which  gives  up  to  boiling  water  sn 
acid,  forming  a  white  precipitate  with  ferric  salts  (probably  thymyl-phosphoric  acid) ; 
from  the  residue,  dilute  potash  extracts  thymotic  acid.  The  portion  then  remaining 
undissolved  consists  of  thymotide  and  a  yellowish  resin  having  nearly  the  same  com- 
position. 

Thymotide  crystallises  from  alcohol  in  white,  mostly  microscopic  needles,  which  melt 
at  187°,  are  not  altered  by  hot  potash-ley  or  by  heating  to  200°  with  water,  but  by 
fusion  with  potassium-hydrate  are  converted,  without  evolution  of  gas,  into  thymotic 
acid. 

See  Thyme,  Oil  of  (p.  791). 

(Gorup-Besanoz,  Ann.  Ch.  Pharm.  Ixxxix.  116;  xcviii. 
1. — StiidelerandFrerichs, Miillei's  Archiv.  [1854],  p.  383  ;  Wienermed.  Wochcn- 
Bchr.  [1854],  No.  30 ;  Verhandl.  d.  naturforsch.  Gesellsch.  z.  Ziirich,  Bd.  iii.  u.  iv. ;  J.  pr. 
Chem.  Ixxii.  48. — Schorer,  Ann.  Ch.  Pharm.  cvii.  314. — Friedleben,  Die  Physio- 
Jogie  der  Thymvedruse,  YvKoMxiTi^  1858.) — This  gland,  called  **  sweetbread  "  in  the 
calf  and  lamb,  is  an  organ  situated  in  front  of  the  pericardium  and  the  large  yessels 
arising  from  the  base  of  the  heart.  In  the  embryo  and  the  infant,  it  has,  in  pro- 
portion to  the  rest  of  the  body,  a  very  considerable  size,  but  in  after-life  it  becomes 
comparatively  smaller,  and  at  last  nearly  disappears.  It  has  been  found  to  contain, 
besides  water  and  the  chemical  constituents  oi  its  solid  tissue,  the  following  organic 
compounds: — soluble  albumin,  leucine,  sarcine,  xanthine,  volatile  fatty  acids  (in- 
cluding formic  and  acetic  acids),  also  lactic  acid,  succinic  acid,  sugar,  and  extractive 
matters.  The  inorganic  constituents  are  potash,  soda,  magnesia,  lime,  phosphoric 
acid,  sulphuric  acid,  chlorine,  and  ammonincal  salts.  Gorup-Besanez  found  in  the 
thymus-gland  of  the  calf,  a  ejystalli sable,  slightly  basic  substance,  which  he  at  first 
regarded  as  a  peculiar  compound,  and  designated  as  thymine,  but  he  afterwards 
found  that  it  was  identical  with  leucine.  The  juice  of  the  fresh  gland  mostly  has 
a  slight  acid  reaction,  rarely  alkaline  or  neutral. 

According  to  Friedleben,  the  quantity  of  fat  in  the  gland  increases  considerably 
with  the  age  of  the  animal,  whereas  the  amounts  of  gluten  and  albumin  exhibit  but 
small  differences  at  different  ages.  The  proportion  of  earthy  phosphates  gradually 
increases,  with  the  growth  of  the  animal,  up  to  a  certain  point-,  and  afterwards  diminishef* 
The  amount  of  potash  exceeds  that  of  soda.  Friedleben  found  the  quantity  of  potash 
at  all  periods  of  life  to  bo  nearly  constant,  varying  only  from  31-8  to  32*8  per  cent., 
whereas  the  soda  in  a  calf  of  ten  days  to  three  weeks  old,  amounted  to  only  16  per  cent., 
while  in  young  oxen  of  twelve  to  eighteen  months  it  was  from  23  to 24  per  cent.  The 
aqueous  extract  of  the  thymus-gland  of  the  calf  leaves  an  ash  almost  wholly  soluble 
in  water,  and  containing  potash  in  large  quantity,  pyrophosphoric  acid,  and  chloride  of 
sodiiun.  totMither  with  small  quantities  of  magnesia  and  sulphuric  acid.  Gomp-Beeanez 
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TVlandsia  diaiUhtndea  (L.),  an  air-plant^  which  does  not  grow  in  immediate  oontaet 
with  the  soil,  nevertheless  contains  from  6  to  8  per  cent,  ash,  consisting  chieflj  of  silica, 
together  with  lime  and  magnesia,  and  traces  of  alkalis,  phosphoric  acid,  manganese^ 
iron,  sulphuric  acid,  chlorine,  &c.     (De  Luca,  Compt  rend.  li.  176.) 

TZMA«  A  medicinal  preparation,  introduced  of  late  years  as  a  renrodj  for  phthisis. 
It  is  imported  from  Tampico,  and  is  said  to  be  prepared  as  a  sjrap,  by  boiling  the 
fruits  of  Cresc&ntia  edulis  with  sugar,  and  mixing  the  product  with  almond-oiL 
(Arch.  Pharm.  [3],  cvii.  376 ;  Handw.  d.  Chem.  viii.  840.) 

TZMLa.XZTfi.  Breithaupt's  name  for  a  rock,  occurring  in  Eastern  Servia>  formerly 
regarded  as  belonging  to  the  trachytes.  It  is  porphyritic,  and  related  to  dioiito,  or  to 
the  so-called  greenstones. 

TZir.  6tain.  Zinn.  Stannum, — Atomic  weighty  118;  Symbol,  Sn. — ^This  metal 
has  been  kno^in  from  the  earliest  times :  it  is  mentioned  by  Moses  (Kambers  xxzi 
22).  The  Phccnicians,  long  before  the  Christian  era,  fetched  the  metal  Kaunrirtpt 
from  the  British  Isles,  anciently  called  the  Cassitcrides.  The  word  Kaa-airtpoi 
appears,  however  to  have  been  applied  in  very  ancient  times,  and  the  Latin  ward 
stannum  somewhat  later,  not  so  much  to  tin  as  to  certain  white  metallic  alloys; 
at  all  events,  tin  and  lead  were  regarded  as  similar  metals,  and  were  often  con- 
founded.  Even  Pliny  sometimes  does  not  use  the  word  st^innum  for  tin,  bat  desig- 
nates this  metal  as  Plumbum  album,  s.  candidum,  in  contradistinction  to  lead,  or 
Plumlmm  nigrum.  It  was  not  till  the  fourth  century  of  the  Christian  era  that  stan" 
num  was  applied  to  the  metal  now  called  tin  (Kopp*s  Gesckichtt),  which  was  after- 
wards named  Jupiter  by  the  alchemists,  and  represented  graphically  by  the  symbol 
of  that  planet,  2^ . 

Occurrence  and  Distribution. — Tin  occurs  much  less  frequently  than  many  other 
metals,  as  iron,  copper,  lead,  zinc,  &c.,  as  the  commercial  supplies  of  it  are  drawn  from 
comparatively  few  localities,  Devonshire  and  Cornwall  yielding  by  far  the  largest  quan- 
tity. The  stream-works  of  the  peninsula  of  Malacca  and  tbeDutch  island  of  Banca  pro- 
bably rank  next  in  importance.  The  exports  from  Bolivia  are  now  very  considerable, 
and  large  quantities  have  of  late  years  been  extracted  from  the  mines  of  Sazcmy 
and  Bohemia.  A  valuable  addition  of  the  metal  has  been  obtained  from  Australia, 
shipped  almost  entirely  from  the  port  of  Melbourne.  The  Australian  tin  contains,  at 
times,  so  large  an  amount  of  gold,  that  the  latter  can  be  profitably  extracted.  Ko  other 
deposits,  of  sufficient  magnitude  to  be  the  object  of  mining  explorations  on  any  con- 
siderable scale,  are  at  present  known ;  but  oxide  of  tin  (Cassiterite)  has  been  found 
in  small  quantities  in  the  Isle  of  Man,  Ireland,  Greenland,  France,  Gallicia,  Spain, 
Silesia,  in  the  Fichtel  and  Kiesengebirge  iti  Germany,  in  Russia,  the  United  States, 
Mexico,  and  Brazil.  No  mines  are  worked  in  Peru,  but  the  name  Peruvian  tin  has 
originated  from  the  produce  of  the  mines  of  Oruro  and  Carabuco,  in  Bolivia,  being  ex- 
ported from  Arica,  a  seaport  on  the  Peruvian  coast. 

Tin  occurs  in  the  metallic  state,  somewhat  more  frequently  as  disulphide,  in 
tin-pyrites,  but  most  abundantly  as  dioxide  or  stannic  oxide,  forming  the  ore  called 
tinstone,  or  cassiterite. 

Ifative  Tin  (metallic  tin)  has  been  described  by  Hermann  as  occurring  in  the  gold- 
sands  of  Siberia,  and  by  Forbes  in  the  auriferous  drift  of  Tipuani  in  Bolivia ;  but  as 
both  these  specimens  contain  lead,  a  metal  seldom  present  together  with  tin-ores,  it 
may  be  doubted  whether  the  tin  so  found  may  not  have  been  derived  from  artificial 
sources.  Native  tin  has  also  been  reported  from  Oruro,  in  Bolivia.  (Forbes,  PhiL 
Mag.  [4],  xxix.  133.) 

7\ji'pj/ritr8  (stannine,  bell-metal  ore,  Zinnkies)  is  found  in  small  quantities  in  the 
tin-veins  of  Cornwall,  Saxony,  and  Oruro  (Bolivia).  It  has  the  composition  of  a  cuproeo- 

Cu'S  /  ^  r 

ferrous  sulphostannate,  p^„g  J  SnS',  the  iron  being  generally  more  or  less  replaced  by 

line ;  it  contains  from  14  to  30  per  cent  of  tin. 

Cassiterite  (tinstone,  stream-tin,  wood-tin),  the  dioxide  or  bioxide  of  the  metal, 
SnO*,  may  be  regarded  as  the  only  ore  of  tin  found  in  sufficient  quantity  to  be  the 
subject  of  mineral  exploration ;  it  is  found  both  in  veins  and  in  alluvial  drift-deposits, 
accompanied  in  many  cases  bv  tungsten,   generally  as  wolfram,  as   in   ComwaU, 
France,  Saxony,  Bohemia,  Bolina,  &c.     In  the  alluvial  deposits,  native  gold  is  gene- 
rally, if  not  invariably,  found  to  accompany  cassiterite,  as  is  the  case  in  Cornwall, 
Ireland,  Virginia,  Bolivia,  Australia,  &c.     Although  tin  seldom  enters  into  the  compo- 
sition of  other  minerals,  it  seems  to  be  characteristic,  though  occurring  only  in  rerj 
minute  quantities,  in  some  of  the  compounds  of  niobic  or  columbic,  tantalic,  and 
"''-•   thus  it  has  been  observed  in  celumbite,  pyroclilore,  tyrite,  tantalite, 
fergusonite,  aeschynite,  polymignite,  &c.      Traces  of   tin   have  been 
V  in  meteorites,  and  also  in  a  Twiety  of  iron-pyrites  from  Spain. 
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of  washing  does  not  differ  materially  fW)m  that  adopted  for  the  oreB  of  other  metals,  it 
18  unnecessary  to  enter  into  a  description  of  the  varions  machines  employed  in  ComwaU. 
The  rich  products  of  the  washings  consist  prindpslly  of  stannic  ozidie  and  the  heavy 
metalliferous  ores,  such  as  arsenides,  disulphides  of  iron,  and  wolfnun  mixed  with  sands 
and  slimes.  The  sands  from  several  of  the  tin-mines,  aifter  washing,  hare  a  white  me- 
tallic colour,  arising  firom  the  presence  of  arsenical  pyrites  (mUpickd)  ;  the  workmen  call 
them  tin-whits.  After  the  ores  are  washed,  they  are  removed  to  the  Imrnma-kame, 
to  be  calcined  in  a  reverberatory  calciner,  which  differs  but  slightly  £tom  that  em- 
ployed for  copper-ores,  excepting  that  it  is  smaller,  and  has  oiuy  one  door.  Tho 
chimney  generally  leads  to  flues,  in  which  the  arsenious  acid  is  condensed*  At  Par 
Consols  the  calcincrs  have  the  following  dimensions : — 

The  bottom,  from  the  bridge  to  the  front-door,  is  7  ft.  4  in.  long,  5  in  the  centre, 
18  in.  wide  at  the  front-door,  8  in.  high  over  the  bridge,  16  in.  in  the  centre,  and  10  in. 
high  at  the  sides.  The  ores  are  charged  in  the  usual  manner  from  a  bin  or  hopper, 
the  calcine-man  extending  them  first  over  the  surface  near  the  bridge.  Thej  are  rabblfd 
every  20  or  30  minutes,  according  to  the  nature  of  the  ores ;  and  are  divided  into  three 
heaps  across  the  furnace,  to  expose  their  sides  to  the  direct  action  of  the  heat,  Whea 
some  bright  points  are  seen  on  the  surface  of  the  ores,  and  there  is  no  longer  any 
escape  of  white  fumes,  the  work  is  finished.  At  the  commencement  of  the  calcinatioDi, 
only  a  moderate  heat  is  applied,  which  is  gradually  increased  until  the  snlphur  (from 
the  sulphides  of  iron,  &c)  is  nearly  expelled.  When  the  operation  is  oondncted  care- 
h'ssly,  and  the  heat  applied  too  rapidly,  a  fusible  sulphide  of  tin  is  formed,  and  the 
mass  agglutinates,  which  is  termed  kerming:  if  this  accident  should  happen,  it  is 
necessary  to  grind  the  ores  over  again. 

When  the  chaige  is  sufficiently  calcined,  it  is  removed  from  the  calciner,  and  exposed 
in  small  heaps  to  the  action  of  the  atmosphere  for  a  few  days,  to  promote  the  oxida- 
tion of  any  remaining  sulphides  into  sulphates.  When  thus  oxidised,  it  is  thrown  into 
a  large  tub  filled  with  water,  stirred  with  a  wooden  rake,  and  left  to  settle^  by  which 
means  the  sulphates  of  iron  and  copper  are  dissolved.  The  water  is  afterwards 
transferred  into  a  large  tank,  and  the  copper  which  may  be  in  the  solution  is  recovered 
by  precipitation  with  metallic  iron.  The  ore  thus  calcined,  oxidised,  and  lixiviated,  is 
washed  once  more  on  the  rack-table,  and  the  lighter  parts  removed.  The  heaviest 
parts  necessarily  contain  the  most  metal,  and  are  sold  to  the  smelters  nnder  the  name 
of  black  tin.  That  which  remains  in  the  middle  of  the  table,  being  much  mixed 
with  wolfram,  is  called  mock-lead,  and  sent  once  more  to  the  stamps  to  be  crashed  and 
washed,  after  which  it  is  sold  as  black  tin. 

The  rotary  calciners  calcine  well,  and  do  much  work ;  but  they  must  be  put  in 
motion  either  by  water  or  steam-power,  and  the  cost  of  their  erection  is  much  greater 
than  that  of  the  ordinary  reverberatory  calciner,  which  can  be  put  up  for  about  £30. 

The  usual  cost  of  calcining,  per  ton  of  black  tin,  is : 

s,    d. 

For  labour 4     0  J 

1714  lbs.  of  coal,  at  IZs.  per  ton  .        .96 

13     6^: 

to  which  must  be  added  the  wear-and-tear  of  utensils,  &c.  Some  calculate  that  the 
average  cost  is  greater,  amounting  to  20«.  per  ton :  fix>m  this  is  to  be  deducted,  however, 
the  value  of  a  largo  quantity  of  arsenious  acid  obtained.  The  mean  yield  of  tin-oros 
prepared  in  Cornwall  may  be  estimated  at  2  per  cent. — that  is  to  say,  60  tons  of 
ore  will  give  1  ton  of  black  tin.  The  cost  of  the  mechanical  preparation  of  the  ores 
varies  greatly  in  proportion  to  their  yield,  the  hardness  of  the  gangue,  &c,  but  those 
of  the  usual  produce  and  hardness  maybe  reckoned  at  4*.  1&.  per  ton  of  ores,  or 
about  £12  per  ton  on  black  tin.  There  are,  however,  many  ores  which  do  not  contain 
more  than  0-5  per  cent,  of  metal,  but  they  are  easily  dressed,  as  the  grain  is  laige  and 
pure,  and  they  require  no  calcining :  their  coet  of  calcination  may  be  calculated  as 
follows : 

8,    d. 
Rugging  and  spalling .        .        .        .10 

Stamping 0     4 

Washing 10 

2    4  per  ton  of  ore, 

equal  to  £23  6«.  6d.  per  ton  of  black  tin.  This  estimate  does  not  take  account  of  the 
loss  in  washing,  which  is  supposed  to  average  fully  20  per  cent.,  and  in  the  assay,  which 
is  less  than  the  actual  product. 

The  smelting  of  the  black  tin  is  effected  in  reverberatory  furnaces.  When 
only  an  impure  metal  is  required,  it  undergoes  two  different  processes — ^first,  in  a  redac- 
tion furnace,  and  then  in  a  refining  furnace.    When  a  very  pure  tin  is  wanted,  called 
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Dinti'iii  l.y  n  rnm-l. ill*  full h!  xg'Ji-l.  plarcd  oter  tlit^  ki-ltl":  ihi' dieeneiigcmpnt  of  ea> 
frum  Ihr  wmd  rnuiii'ii  a  niiialHiil  ctiallilibn  in  t)j--  tin,  and  n  t'rulli  ODlLfmriacP,  «hi>'h 
i*  n.nijxiM'iI  rliirfly  of  the  isjXArr  iit  furtrign  tuciBla  uiid  tic  ;  ihie  is  tkiniBied  ofT  tbr 
■SrfMT".  finrl  n-wrtwl  fi.r  re.fmthinjr. 

]d  Hl>i»it  Ihru:  (>r  Tuiir  bonni,  the  bnilinf;  is  flnitbul :  the  grrMiwood  is  n-mored,  umI 
th*  lin  nllriiml  Id  irr1tli<.  On  enoling  Kluirly,  Ihv  nii't.-il  ivpanitni  icto  diflpreot  Hntn. 
(if  wliirBi  lh«uj<i>*r  iiilhi'  |.nr>-iit,  lliv  mitlille  p]i|;>itl}'  char^i-d  vilh  farcigo  mctali,  and 
llip  lf<w™t  vtwy  im].un;.  Aft.-r  h  •i.nnle  of  h'Hire,  il  »  gentlr  ladlpd  out  into  mouUi. 
TbnlMliljroftbo  liD  dvprnda  on  tW  onlcr  in  wliicb  il  hu  Inn  ladled;  Ibe  fint 
lilw'kK  ninlaln,  of  counr,  th»  pBmt  ntlal,  anil  tlie  last  arc  ao  iia|4ire  aa  to  nquire  Co 
be  BgiiiD  anlaeetn]  lo  liquatinn  and  refining.  Thr  whole  oprmlioii  n-quirca  from  Sts 
to«ii  hon™,  indddini^fpomonB  to  two  hour*  for  tJio  mh-idf-ni-e  uftlii' metaL  The 
Mmild*  into  which  the  tin  ii  ca*t  aiv  gnirrally  made  of  gniiilf,  Bad  an  of  a  size 
mffldent  to  aintfiiD  thns  handtsdwright  ot  bbick  tin. 

Tin-ore  melted  in  the  bloKt-furnace  produpw  the  pun-nt  metal.  When  the  fnmaee 
la  tbomighl;  heated,  it  ia  churged  with  ore  and  charcoul,  damped  to  eanse  an  adheima 
iMtween  flia  two,  and  the  fumnce  i*  oonNfantly  kcirt  fiiil  whifp  the  operation  is  going 
«B.  The  tin  ia  kUowed  to  ran  into  the  fint  basin,  nnd  then  into  the  aeound,  where  it 
••  Wt  to irtlla foi aome  timo.  The  lin  in  the  mctiillie  balh  falln  into  aliatn  rimiUr  to 
'*^  nAung  tiuutiet,  the  impore  put  Milting  tu  the  bottom,  which  is  again 
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Grain-tin  is  formed  from  the  finest  blocks;  these  are  heated  to  nearly  molting- 
]»oiiit,  uhen  they  become  brittle  ;  they  are  then  dropped  from  a  conHidcnible  height; 
the  metal  is  thus  broken,  and  forms  elonsated  grains  or  tears. 

The  revcrberatory  furnace  consumes  nibout  two  tons  of  coal  for  one  ton  of  metal ; 
the  blast-furnace  about  thirty-one  hundredweight  of  charcoal  for  one  ton  of  metal. 

It  is  very  difficult  to  find  out  the  exact  loss  of  metallic  tin  in  smelting  by  the  revcr- 
beratory and  blast-furnaces.  It  has,  however,  been  found  that  black  tin,  which 
gave  73  per  cent,  of  tin  by  assay,  yielded  66'5  per  cent,  of  pure  tin  when  smelted  and 
refined,  leaving  a  large  quantity  in  the  state  of  silicate,  most  of  which,  no  doubt, 
could  be  recovered.  In  the  blast-furnace  the  loss  is  considered  to  be  about  15 
per  cent 

Properties  of  Tin. — The  tin  of  commerce  is  never  pure  ;  the  metal  from  Banca  con- 
tains, perhaps,  the  smallest  amount  of  impurity.  Tin  is  generally  associated  with 
small  quantities  of  arsenic,  lead,  iron,  copper,  and  occasionally  tungsten,  manganese, 
antimony,  zinc,  bismuth,  and  molybdenum.  To  obtain  it  chemically  ptire,  the  tin  of 
commerce  is  granulated  and  dissolved  in  strong  hydrochloric  acid ;  a  small  quantity  of 
water  is  cautiously  poured  into  the  solution,  so  as  to  form  two  strata ;  and  a  plute  of 
tin  is  then  introduced,  traversing  the  two  liquids.  After  some  time,  cryutuls  of  pure 
tin  are  deposited  upon  the  plate,  owing  to  the  feeble  galvanic  current  which  is  excite<l. 
Or  tin  may  be  digested  in  nitric  acid,  the  white  insoluble  residue  (metastannic  acid) 
digested  in  dilute  hydrochloric  acid,  and  the  resulting  powder  reduced  by  chareual. 

Tin  is  a  white  metal,  having  however  a  peculiar  yellowish  tinge.  When  warm,  it 
emits  a  characteristic  smell,  and  a  bar,  when  bent^  gives  a  singular  crackling  sound 
(evri  (Tetain)^  owing  to  the  interior  crystals  breaking  against  each  other.  It  is  soon 
tarnished  by  the  air  of  largo  towns,  owing  probably  to  a  film  of  sulphide,  as  it  is  not 
sensibly  affected  by  the  combined  presence  of  air  and  moisture.  Tin,  with  the  excep- 
tion of  lead  and  thallium,  is  the  legist  tenacious  of  the  well-known  metals.  A  wire  ^ 
of  an  inch  in  diameter  will  support  only  about  31  pounds:  a  bar,  a  quarter  of  an 
inch  in  diameter,  will  not  support  more  than  294  pounds  weight.  The  malleability  of 
tin  is  very  considerable  ;  it  is  expanded,  by  combined  hammering  and  heating,  into 
sheets  or  leaves  called  tinfoil,  barely  y^th  part  of  an  inch  in  thickness.  It  is  tinfoil 
that  is  laid  upon  the  back  of  glass  mirrors,  and  there  amalgamated  with  mercury, 
forming  what  is  called  the  silvering. 

Tin  can  be  easily  obtained  in  crystals,  in  the  same  manner  as  bismuth.  The  best 
method  is  to  fuse  some  pounds  of  the  metal,  and,  when  it  is  nearly  solidified,  to  pierce 
the  centre  of  the  mass  with  a  stick  of  incandescent  charcoal,  and  pour  ofi^  the  portion 
which  still  remains  liquid ;  fine  crystals  of  tin  are  then  found  upon  the  sides  of  the 
interior.  Tin,  indeed,  has  a  remarkable  tendency  to  crystallise,  as  may  easily  be 
shown  by  washing  the  surface  of  the  metal  with  warm,  diluted,  nitro-h^xlrochloric 
acid,  when  it  becomes  covered  with  a  mass  of  crystalline  forms,  having  a  very  beautiful 
ap{)eariinoc  something  like  watered  silk,  and  formerly  much  used,  under  the  name  of 
moirie  metatiique,  for  the  manufacture  of  workboxes,  tea-caddies,  &:c.  The  appearance 
is  caused  by  the  unequal  refiection  of  light  by  the  facets  of  the  crystals  exposed  to  the 
action  of  the  acid.  Louis  Vallet,  in  1817,  obtained  a  patent  for  the  production  of  theae 
crystals,  or,  as  he  expressed  it,  for  the  manu&cture  of  a  new  ornamental  surface  of 
metal  or  metallic  composition.  The  surfaces  of  tin,  or  of  metals  coated  with  tin,  are 
washcnl  with  a  mixture  of  10  pta.  of  sulphuric  acid  diluted  with  five  times  its  bulk 
of  water,  together  with  1  pt.  of  nitric  acid  diluted  with  its  own  weight  of  water. 
In  the  following  year  (1818),  Mr.  M.  Isambard  Brunei  obtained  a  patent  for  a 
somewhat  similar  apphcation  of  acids  on  the  surface  of  tin.  The  process  is  thus 
described  :  "  A  new  species  of  tinfoil,  capable  of  being  cn'stallised  in  large,  varied,  and 
beautiful  crystallisation.**  A  sheet  of  tin  or  tinfoil  is  laid  evenly  upon  a  flat  plat  of 
metallic  or  vitreous  substance,  which  may  be  heated  from  below  by  a  bath  of  melted 
alloy,  as  of  two-thirds  of  tin  and  one-third  of  lead  :  heat  is  then  applied,  by  means  of 
common  gas-jets  and  flexible  tubes,  to  those  parts  to  which  it  is  desired  to  give  an 
ornamental  crystalline  conformation.  Sulphuric  acid  diluted  with  5  pta.  of  water, 
and  nitrous  (?)  acid  diluted  with  1  pt.  of  water,  are  mixed  in  the  proportion  of  lOpts. 
of  the  former  to  1  pt.  of  the  latter,  and  applied  by  a  brush  to  the  surface  of  the  tin ; 
it  is  then  washed,  and  may  be  varnished  or  japanned  in  the  usual  way. 

The  specific  gravity  of  tin  is  7*29,  and  is  not  sensibly  increased  by  rolling. 
That  of  the  crystals  was  found  by  Miller  to  be  7'177  :  according  to  Deville,  the 
specific  gravity  of  slowly-cooled  tin  is  7'373  ;  that  of  tin  rapidly  cooled,  by  pouring 
into  water,  7-239.  Its  cubical  expansion  for  l^ C.  (between  9°  and  72°)  is  0000070. 
(Kopp.) 

Tin  melts  at  2220  (Crichton  and  Rudberg),  at  230°  (Kuppfer),  at  237-2<> 
(Person).  Its  specific  heat  in  the  solid  state  is  0*0  >62,  in  the  liquid  state  0*0637 ;  its 
latent  heatof  fVision,  between  250®  and  350^  is  14*252  (PeT80ii\  It  \xa\&  «X.  ^  ^VvSXsi 
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heat.  It  has  but  a  small  heat-conducting  power  (according  to  Calvert  »  422,  that 
of  eilTer  being  1000).  It  takes  a  fine  polish,  and  has  then  but  little  radiating  power: 
hence  vessels  of  polii^hed  tin  are  well  adapted  fur  keeping  liquids  warm. 

Tin  does  not  oxidise  at  ordinary  temperatures  in  the  air,  even  when  moist,  and  but 
very  slightly  in  water,  retaining  its  metallic  lustre  for  a  long  time :  hence  iron  which 
is  to  be  exposed  to  the  air  is  often  tinned,  to  prevent  it  from  rusting.  When  tin  is 
fused  in  the  air,  its  surface  becomes  covered  with  a  thin  grey  film,  containing  both 
protoxide  and  dioxide  of  tin.  If  the  film  be  removed,  it  is  again  formed,  and  if  this 
grey  powder  be  continuously  heated,  it  becomes  white.  It  is  used  for  polishing  plate 
in  the  same  way  as  putty-powder^  which  is  obtained  by  the  action  of  nitric  acid  upon 
the  metal. 

If  tin  be  kept  at  an  ordinary  red  heat,  it  gives  out  vapours,  but  they  have  little 
tension,  and  there  is  but  small  loss  of  weight ;  at  a  strong  white  heat,  it  bums  in  the 
air  with  a  bright  flame.  At  a  full  red  heat  it  will  decompose  steam,  with  evolution 
of  hydrogen. 

Strong  niVricartVf  of  specific  gravity  1*5  does  not  act  upon  tin,  the  metal  even  preserv- 
ing its  characteristic  brilliancy ;  but  if  the  acid  is  diluted,  it  attacks  the  metal  with 
extreme  violence,  the  tin  being  entirely  converted  into  metastannic  acid. 

Tin  dissolves  slowly  in  dilute  or  cold  hydrochloric  acid^  but  rapidly  when  the  latter 
is  hot  and  concentrated,  evolving  hydrogen-gas,  and  yielding  diehloride  of  tin. 
Dilute  sulphuric  acid,  when  heated,  attacks  tin  slowly,  with  emission  of  hydixigen,  but 
the  hot  concentratini  acid  acts  more  energetically,  with  production  of  sulphurous 
acid.  Fused  nitre  and  the  hydrate  of  potassium  and  sodium^  at  high  temperatures,  act 
upon  tin.  It  combines  directly  with  sulphur ,  phosphorus,  chlorine,  inline,  &c.,  and  forms 
alloys  with  many  metals,  particularly  with  copper,  to  which  it  gives  a  hardness 
approaching  to  that  of  steel. 

Tin  in  a  state  of  fine  division  is  violently  acted  upon  by  chloride  of  sulphur, 
the  heat  evolved  lieing  so  gr<>at  that  the  sulphur-compound  (which  must  be  returned) 
passes  over  with  the  tetrachloride  of  tin.     (Wohler,  Ann.  Ch.  Pharm.  Ixziii.  374.) 

Compounds  of  Tin. — Tin  forms  chiefiy  two  classes  of  compounds  :  namely,  the 
stannous  compounds,  in  which  it  is  diatomic — e.y.,  SuCl*,SnO.  SnS,  Sn(SO*),  &c. ;  and 
the  stannic  compounds,  in  which  it  is  tetratomic — e.g.,  SnCl*,  SnO',  SnS*,  Sn(SO*)',  &c. 
There  are  also  a  sesquioxide,  Sn'O',  a  sesquisulphide,  Sn'S^,  and  several  compounds  of 
tin  with  alcohol -radicles,  in  which  it  is  triatomic.  F.  F. 

TTMf  AX&OT8  OF.  Tin  unites  with  most  other  metals,  foiming,  in  many  cases, 
hard  ductile  alloys.  Small  quantities  of  tin  are  often  sufiBcient  to  impait  peculiar  pro- 
perties to  an  alloy. 

Many  of  the  alloys  of  tin  have  been  already  described  in  connection  with  the  other 
metals.  For  Matthiessen*s  determinations  of  the  specific  gravities  of  tin-alloys,  see 
Fogg.  Ann.  ex.  21  ;  Jahresb.  1860,  p.  Ill ;  also  the  article  Metals  in  this  Dictionarr 
(iii.  943). 

Tin  and  Antimony  (i.  317). — According  to  Chaudet,  10  pts.  tin  and  1  pt  anti- 
mony form  a  perfectly  ductile  alloy. 

Tin  and  Arsenic  unit«  easily  when  heated  together,  forming  a  hard,  brittle,  lami- 
nar mass,  less  fiisible  than  tin.  When  the  proportion  of  arsenic  is  large,  the  alloy  it 
insoluble  in  hydrochloric  acid ;  with  a  smaller  amount,  it  dissolves,  with  evolution  of 
arseniotted  hydrogen,  leaving  an  alloy  richer  in  arsenic.     (Soubeiran.) 

Tin  and  Bismuth. — An  alloy  of  177  pts.  (3  at.)  of  tin  and  213  pts.  (2  at.)  of 
bismuth,  when  coohd  from  a  state  of  fusion,  exliibits  but  one  solidify ing-point ;  ina»- 
much  as  it  first  cools  regularly  down  to  143^,  and  then  remains  at  that  temperaturw 
for  a  considerable  t*me,  till  the  latent  heat,  set  free  in  the  solidification  of  the  alloy, 
has  had  time  to  escape.  But  all  other  alloys  of  these  metals  likewise  exhibit  a  higher 
solidifying- point,  the  excess  of  one  or  the  other  metal,  or,  rather,  another  definite  alloy 
containing  an  excess  of  one  of  the  two  metals,  solidifying  first,  and  aft^^rwards  at 
143®,  the  hitherto  fluid  alloy  containing  Sn*Bi*.  The  higher  solidifying-point,  or 
point  of  separation,  is  190®  for  Sn*Bi,  160®  for  Sn»Bi,  160°  for  SnBi,  nO^  for  Sn«Bi", 
and  190«  for  SnBi«.     (Rudberg,  Fogg.  Ann.  xviii.  240.) 

a.  40  pts.  tin  to  1  pt.  bismuth :  perfectly  ductile ;  the  addition  of  1  pt^  of  lead 
diminihhes  its  extensibility. — h.  25  pts.  tin  to  1  pt.  bismuth  :  slightly  ductile  (Chau- 
det).—c.  8  pts.  tin  to  1  pt.  bismuth:  melts  at  199®  (Lew  is). — d.  3  pts.  tin  to  1  pt. 
bismuth  :  pulverisuble  ;  of  dull  grey  fracture,  and  specific  gravity  7*776  ;  gives  up  all 
its  tin,  with  a  small  quantity  of  bismuth,  to  heateu  hydrochloric  acid  (Chaudet). — 
f.  2  pts.  tin  to  1  pt.  bismuth :  melts  at  166^  (Lewis).—/.  236  pts.  (2  at)  tin  to  213  pU. 
(1  at.)bismuth:  specific  gravity  «  8'085  (Regnault).— ^.  1  pt.  tin  to  1  pt.  bismuth: 
perfectly  brittle;  pulverisable;  of  fine-grained  fracture ^g^^liAjBiiVity  «  8*345 
(Chaudet).  Molts  at  138®  (Lewis).  Expands  stxcflT  ^si^Bmring  (Harz). 
With  hydrochloric  acid  it  behaves  like  d  (Chaudet,  A^^       ^^^i  ▼<  142).— 
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4  J     -  I  r-  -  --        •  :■    -T*T.,%.     Stannous  Lromide  melU,at  a  high  tern  pfrratuir  in 
J   '  .     -..-.    ;.  :.   .-  .-  .:.  t:..  air.  it  givo:*  otf  stannic  bromide  (ind  learetf  Haanic 

-..:'•:'.  >  TT'lu't^l.  with  incandi^soenoe,  when  tin  or  stannow 
•  .-       ....     •    .   :.  ■    -7  ;;."■. r.     It  is.  a  white  crvHtalline  mn»»,  of  ppecific  gniTifT 

:,.•...  ..."        ;••.   -v-:!;.-.  iT.l  ."*'.iMimi-s  in  nc-edlm.     It   ili»*jlri-s  in  waVrr 

w  -       ■  ■-:  r—     •  *  :.::-ri*u7t  ;  ni»lts  under  oil  of  vitriol  without  sen^iW- 

>.-.       >-.  1   .x  i.--  :i  \j  frtannic  Imlmto,  with  sfpiursitiou  of  Ipjiaiae. 

,.  -■  :  .  ..•    -      r  '.:'  ■  ir  :  r.-.--\  }>y  'h--  a-'tioii  of  broniiuo  on  Rtannouw  oxide, 
<  . ..        -     .  ■  - -T  ;..    •■  "!  i^ruiiii::  th.>  iiHinK>UDtl   SnBr«.CC*H*>=0.  ia  dtli- 

-   .       -_     --.-,.-   -         .  -  -  :'v    ..  Tk-.-r 'v*. "ri- dissijlvinij  in  it,  and  are  c-a*ilv  :iisii- 

:  _-  -  T   ■...:.    ..    .•-':.  y.f.'.i.'.t^  !iLXii:ruujil   prisms  of   stannous  broruhio. 

.%■     ._     .V       ■■--■....   -'":•. 


7'  ■—:•  ,    ''•!•:■■' I. —An  ol'folr^te  name  for  hydmtc-d  tftn- 
y      •         :  ■  ..     ...  .   -.....-:.   J  ?:  vl:,.r.a"ii  llaudUKjk  (v.  84),  for  the  anhydn^ts  di- 


< 


,  CBXiORZ2>S8  or.     T'.r.-?  ohl-nrivlcs  of  tin  arc  known,  corresponding 'o 

DlclUorlde.  r  Stannon*  Clilorlde,  ^n(V,  ^coniraonly  called  Proioch^on'^^  </ 
2'  \  >  .  r--  :.••"..  V  ■  r'-.rvz  \  •  th-  "id  atomic  wcicrlit  of  tin,  by  the  formula  JkjCi.) 

—  r..  S-.  .\  Lr  >  •:•!  ".'  -  •.!•*! ."« \  :l^■  i :  -1.  I\v  pniduHlly  lieatinfl"  tin,  or  tia-asiii]- 
z-.'  ^  "v.h  !-  .-^  i.-.-.:"  . ..'  .  ;  1-.  iir  w;tii  ,ii  in»!«t  'J  pts.  of  mercuric  chloride,  ihemem^ 
'..  ■•  "..»■...-  :  _-.  J.  J'y  :  .tir.j  tin  in  liy.linvhloric  acid  pas,  hydr^jsr^-n  bein?  se*. 
J-.  --  ■  i".y  ":  ..■■  J  !.^  i:-:»f.-.l  .•.•..iMn-mv  ciiloritlo  in  «do«»o  vessels.  whcpeu|x>n,  whra 
T..  ..■  -•  -  _-r..  li-.i.y  rii--«l  t-  n-iii.  ««s.  siiul  tin-  receiver  chjinj:e<.i,  the  anhydpjaii 
c".  r  !■  :  .»-  ^  V  r  ..::.  r  r:.-  w;;!.r.  Cnf<it;iinc  (J.  Pharm.  xxv.  552)  gently  h«ni!'! 
»-•:.:■...  r  !..'.  '  -•;"•  in  a  i\ij  ;i  i-'ii-i  crr.oiMo  (to  pnn-rnt  frothing  over),  as  long  .is  :t 
•r  ■  >  •.•;  .  ■•.  '.  -.-.V".  .  t!  w..*.  r  ;;:!.l  >nl|''ir.riir  aeid ;  ]>uiirH  the  mass,  as  foou  as  It  :* 
\  .  -j"  :  •■•  I  *•  •'.  •  i' :r.i:.i,'.!i  t^u-li-n.  int'ui  small  enifililo;  thi»n  ]»ounds  it  up  ci^jir^^Iy. 
;■  .  :  .  -*.  "  ■.:  ::  -mi  •  ■•  ■.»*■  1  i:'a--  r.'!ort.  The  tir.st  pml ions* of  stannoun  chloride  whi.b 
'j..-^  .■»:■  .-.r-  !  I  r!  :'\  \  -tv:  !!.•■  ]:\>*  p»rtii»n-  t\.ntain  a  small  quantity  of  iron, fp.a 
¥k"     ';.••'.  r:  y  )  i-  ::•• :  ■:  I  y  a  ».i-',.i]iil  distil!;itirin. 

>-..!.  .  :>.  .'.:.-■":  !■  i*  '.r.r.i-iiu-t.nr.  alni'M  pun-  wliito  ffr^qmntly  gTcyX  with  a  fstty 
i'>-.  .i:.  I  .■  ■•:.'.:■  :  i.i!  tVai-tr.n-:  f-'lnlilf  in  wati-ranil  inali'uhol.  Ilmeltsut  2oO'^toaco.ly 
'.  !.  vl.  ■■":  ]  t:i- ::■:.!  •»  J:.i"  cn-.-Mhl.^  aii-l  m.ikrs  ihrm  crack  ;  builsata  heat  nt-arr"^!- 
I't -•..  }  V.'  iilM-iy--  with  s«.'iiie  <li  ji-i-c  of  il^.^iTn]'«»>itifin.  When  cooled  after  favlon.  i*. 
r«v:!.ii:'.-  li|ni.!  t  r  a  l'»nL'  tiir.r.  l.iit  atti-i*w.inlf  ln'-oniij*  synipy  and  solidifies.  When 
li'.a'o!  !o  briiiht  rMliu?s.  it  irives  ntVtitnicliluriilf  of  tin,  and  aAerwanl.s  unaltcre«l'li- 
ehli^ridr,  l«aviiiL'  a  Maok  >!iliiiii;:  inaj*s,  ■wlui.-li  dissolves  in  aqucHni8  hydrochlurit:  dciil 
wi:!i  I'ViiiuP'Mi  nf  hy».!n-;:**n-j:a:H.  and  forms  a  sobitirm  of  stannous  chloride  (A.  Vujr«^I, 
Khw.  .1.  xaIv,  Tiiiv.  Winn  hratr-d  to  t!ie  boiiin;_'-p<.»int,  itp;is«e!<  over  in  company  with 
litraoldiU'j.U'  of  tin,  :ind  liavrs  yillow,  larthy,  Mannous  oxyi'hiorido.  SnCl-.;»aO 
il\i  j'ii  air.  i'\  -AVInn  luatJvlwirli  .-uliihur.  it  yii-MM  t«'traiddorido  and  di<nlj<h;\le'^f 
liii:  L'Sal'l-  +  S-  =.-  SnCl'  +  SdS-  ( Proii.st*).— Wlu-u  heated  in  the  air,  or  w-iih 
iiitri-.  I'hlori-'.r-  ft  ]"^t;!.S"*iuni.  or  Tinroiirii»  oxid«',  it  pvrs  off  tetrachlorido  of  Tin.  ani 
1«  MVi  -.  staimli'  .xiiU-.  At  onhiiary  ti-nipcratiin-H.  it  docs  not  sufTi^r  much  aIteratii.'M  hy 
I  \j"i>iire  to  llu-  air:  in  thi»  course  ot  thn-c  we<ks,  however,  it  becomes  somewhat 
di-»iM'.i-::rat.d.  l-nt  siill  .'i.*"''nlvi>  conipliti'ly  in  water. 

Si.imiiMK  rldm-Mi-  al  sorb.-*  dry  aiiuiionia-<nis,  and  when  heated  with  it,  forms  tbe 
e<>iii|'<>iiiid  Siil'r-'.Nil'. 

lii;ih-tu'tiJ  .siaiiiinns  (7/'<.r/V/r,  commonly  called  tlu-mlt,  is  obtained  by  dissolving;  tlK 
anli>drniis  clilnridi'  in  water,  or  by  the  Mdiition  of  metallic  tin  in  hydrochloric  acid. 

'I'lii'  preparation  ^n  tlif  larj:o  Mc:ile  is  jK-rroriued  in  copper  vessels,  which,  so  lomras 
any  portii»n  of  tin  n'mains  nniIi.«<.solved,  are  nt)t  attacked  by  the  ucid.  If  granulattd 
tin  be  et)ver«'d  with  hydrochloric  acid,  then  the  acid  jM>ure*l  oiF,  and  the  tin  exposwl  to 
the  air-  atlerwanis  the  aeid  j)Oured  on  a^in,  and  so  on  alternately — the  tin  takes  up 
oxyiLren  from  the  air,  whereby  it  biHiomeB  heattd,  and  dissolves  much  more  quickly  than 
by  the  simple  action  of  the  acid  (Berard).  In  the  prepanition  of  tinsa/t  on  the 
large  scab-,  NoUner  (Andi.  Fharm.  Ixiii.  120)  recommends  that  the  hydrochloric 
acid,  as  it  is  evolved  frrim  the  rutortii,  be  made  to  act  directly  upon  granulated  tin  con- 
taintd  in  stoneware  roceiven  adapted  to  the  zetorti.  and  toat  the  concenteited  solu- 
tion of  tin-salt  thus  formed  ba  Bi£^  -  *^B|wd  puia,  with  addition  of 
gr.inubited  tin. 

The  solution,  when  r  rent,  eolonrleva  pris^ms 

(uionoclinic  aooor  meullie  taste.     Ac- 

cording to  Bt**  -MvlmS  to  Henry,  they 
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— This  oompound,  known  only  in  solution,  is  prodaced  by  diflsblTiiig  ■tamKMKV-fltoimie 
hydrate  in  nydrochloric  acid,  in  a  vessel  from  which  the  air  is  exclnded.  The  solntkni 
reacts  like  a  mixture  of  stannous  and  stannic  chlorides. 

Tetraelilorlde  of  Tin,  or  Stannlo  Cbloiide,  SnCl\— This  oompoimd  was 

known  to  the  older  chemists,  having  been  mentioned  by  libavias,  in  1605,iipder  the 
name  of  Liquor  8.  Spiritus  argenti  vivi  suhlimati  (from  the  mode  of  preparatioii  with 
mercuric  chloride) ;  afterwards  it  was  commonly  called  Spiritus  fuman*  Li'tafm^  some- 
times also  Fumigatorium  perpetuum  joviaU. — The  anhydrous  tetrachloride  may  be 
obtained  by  distilling  stannic  sulphate  with  sodium-diloride,  or  by  diatininjp  the 
hyilrated  tetrachluride  with  oil  of  vitriol.  It  is  usually  prepared  b;^  disUlliiig  a 
mixture  of  1  pt.  tin-filings  with  4  or  5  pts.  mercuric  chloride,  or  by  heating  tin-filings 
or  stannous  chloride  in  dry  chlorine-gas,  the  tetrachloride  then  collecting  in  the 
recoiver,  which  must  be  kept  cool.  In  preparing  it  by  the  last-mentioned  method, 
the  free  chlorine  must  be  removed  by  agitating  the  distillate  with  tin-filings,  and  then 
rectifying  it. 

Stannic  chloride  is  a  colourless  mobile  liquid,  of  specific  gravity  2*267  at  (P.  II 
fumes  strongly  in  moist  air;  boils  at  115°  (at  120°  according  to  Duma,  at  112° 
according  to  Andrews).  Vapour-density,  according  to  Dumas'  determination,  ■»  9-20 ; 
by  calculation  =  9'01.  Its  specific  heat  for  the  unit  of  volume  is  0'8639  ;  for  the  miit 
of  weight,  0*0939  (Regnault).  It  does  not  conduct  electricitv.  It  is  highly  eanstie^ 
decomposes  alcohol,  with  formation  of  ether ;  in  contact  with  oil  of  tarx>entine^  it 
produces  great  heat,  sometimes  setting  fire  to  the  turpentine.  It  converts  me(miry  into 
calomel.  Strong  nitric  acid  decomposes  it,  with  formation  of  metastannic  acid ;  heated 
in  Bulphydric  acid  gas,  it  is  partially  decomposed,  with  formation  of  stannic  solphide. 

Hydrated  Staniiic  Chloride. — The  anhydrous  tetrachloride  absorbs  water  rapidlv  from 
the  air,  and  forms  cr)'8tals  of  a  trihydrate,  SnCR3H'''0  (Casselmann).  Mixed  with 
one-third  of  its  weight  of  water,  it  solidifies  to  a  soft  fusible  mass,  called  Butter  of  tm,  or 
Butgrum  stanni,  which  dissolves  in  excess  of  water,  the  solution  yielding,  by  evaporation, 
deliquescent  crystals  of  a  pentahydrate,  SnCl*.5H*0,  which  give  oflT  3  at.  water  over  oil 
of  vitriol  (Le  wy,  Compt.  rend.  xxi.  369).  A  solution  of  stannic  chloride  may  be  pre- 
pared by  dissolving  ordinary  stannic  hydrate  in  hydrochloric  acid,  by  treating  a  solution 
of  stannous  chloride  with  chlorine-gas,  or  by  mixing  stannous  chloride  with  hydro- 
chloric acid  and  treating  it  with  nitric  acid.  The  salt  generally  known  in  oommeroess 
nitromuriateoftin,  is  prepared  by  dissolving  tin  in  nitromuriatic  acid,  which  must 
be  kept  cool,  and  must  not  contain  too  much  nitric  acid — otherwise  metastannic  add  is 
likely  to  be  produced.  This  solution  is  used  in  dyeing  for  the  brightening  and  fixing 
of  r(Hl  colours,  and  is  sometimes  designated  by  the  old  names,  "composition,  physic,  or 
tin-solution."  The  same  solution  is  obtained  by  dissolving  tin  to  saturation  in  hydro- 
chloric acid,  then  adding  half  as  much  hydrochloric  acid  as  was  required  to  dissolrs 
the  tin,  together  with  a  certain  quantity  of  sulphuric  acid  and  nitre.  Stannic  chloride 
may  also  be  prepared  by  oxidising  stannous  chloride  with  chlorate  of  potassium  ;  and 
on  evaporating  the  liquid,  or  the  solution  of  stannous  chloride  mixed  with  nitrie 
acid,  the  tnhydrate,  SnCl*.3U'0,  is  obtained  (which,  when  dried  in  a  vacuum,  leaves 
the  di hydrate,  SnC1^.2H^0),  while  the  mother-liquor  contains  stannic  hydrate  dissolied 
in  stannic  chloride.   (Scheurer-Kestner,  Compt.  rend.  1.  60.) 

The  solution  of  stannic  chloride  exhibits  all  the  reactions  of  ordinary  stannic  salts 
(p.  810).  When  evaporated,  it  first  gives  off  water,  then  stannic  chloride.  The 
concentrated  solution  does  not  alter  perceptibly ;  but  the  dilute  solution  gradually 
decomposes,  yielding  hydrochloric  acid  and  metastannic  hydrate  (p.  817),  whici 
remains  behind  when  the  hydrochloric  acid  is  evaporated.  According  toUassel- 
mann,  a  solution  diluted  to  a  certain  point  deposits  ordinary  stannic  hydrate  as 
well  as  metastannic  hydrate.  When  stannic  chloride  is  heated  with  a  small  quantity 
of  water  in  a  sealed  tube,  pure  amorphous  stannic  oxide  separates.    (Senarmont.) 

Aqueous  stannic  chloride  easily  dissolves  stannous  oxide,  forming  stannous  chloride 
which  on  evaporation  crystallises  as  a  totrahydrate,  SnCl*.4H*0  (p.  807),  while  the, 
liquid  retains  stannic  hydrate  dissolved  in  stannic  chloride.  When  an  excess  of 
stannous  oxide  is  dissolved  in  stannic  chloride,  the  mass  solidifies  to  a  pulp  of  stannic 
hvdrate,  and  the  liquid  which  runs  off  yields,  on  evaporation,  the  dihydrate  of  stannous 
chloride,  SnCll2H'0.     (Scheurer-Kestner.) 

Compounds  of  Stannic  Chloride. — Stannic  chloride  unites  with  a  considerable 
number  of  bodies,  both  organic  and  inorganic  It  dissolves  ciystallisable  (not  amor- 
phous) sulphur^  when  heated  with  it ;  also  ordinary  phosphorus^  iodine^  and  other 
bodies,  in  laree  quantity;  it  mixes  in  all  proportions  with  bromine  and  earhonie 
disulphide,  and  like  the  latter  is  a  solvent  for  many  bodies.  Sulphur  crystallises  feom 
the  hot  saturated  solution  in  rhombic  prisms.     (Girardin,  Compt.  rend.  li.  1057.) 

Anhydrous    stannic     chloride    absorbs    ammonia-gas,    forming     the    compound 
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iniblimef  in  tnniipar«iit  ocUhedroos.  The  crjrstALs  duMolre  in  8  pt0.  water  at  14^. 
The  conoT'Dtrati^  ttolution  is  not  decornpos^^  hy  boiling ;  a  more  dilate  aolntion  deeom- 
prtseH  at  the  boiling  beat,  with  separation  of  eUinnic  hjdmt^,  which  nnitea  with  any  ooloor- 
in^-matt^r  coiitained  in  the  solution,  so  that  the  salt  acta  as  a  mozdant.  It  ia  need  in 
calico-print inpr,  under  the  name  of  pi  nk  salt,  for  the  production  of  red  ooUmrs.  The 
dry  salt  decomTxt^.s  when  strongly  heated,  ^ving  off  stannic  chloride,  and  yielding  a 
ffubliinatc*  of  white  laminar  crystals. 

The  harhan-,  calcium-^  and  strontwrnsaKs  are  crystallisable,  and  their  eomposition 
(a/cord inp  to  Lewy)  is  repretsented  by  the  formula  M''Cl'.SnCl*.5H*0. — ^The  magne- 
tiuiti'K/dt,  MgCl*..SnCl*./)HK),  crystallises  in  rhombohedrons. 

The  ptjtajfjfiu/n-mlt,  'iKCLSnCl*,  is  prepared  like  the  ammoninm-salt,  or  by  fusing 
1  at.  Mannic  oxide  with  2  at.  potaFsium-hydrate,  and  dissolring  in  hydrochlonc  add. 
It  cr\>talli)^es  in  octahf^rons,  which  are  permanent  in  the  air,  soluble  in  water,  and 
diri'<)mifttn*A  by  heat  (Bolley ;  Lcwy). — The  sodium-saltf  prepared  like  the  potas- 
sium-s'ih,  crystallises  in  rhombic  laminae,  permanent  in  cold,  efBoreacent  in  warm 
air  (Bolley,  Ann.  Ch.  Pharm.  xxxix.  100).  Wittstein  (Eepert.  Fharm.  bay.  7) 
obtained  it  in  anhydrous  deliquescent  crystals. 

TZV,  CTAWXBB  OF.     See  Ctaiodbs  (ii.  273). 

TXSr,  BBTMCTZOV  JkWU  B8TZMATZOV  OP.  1.  Blowpipe  Beaefiom. 
— All  tin-compounds,  when  heated  on  charcoal  with  carbonate  of  sodium  or  cyanide  of 
potashiura,  yield  a  malleable  metallic  globule,  without  any  incrustation  on  the  charcoaL 
This  globule,  when  diss^jlved  in  hyorochlonc  acid,  gives,  with  mercuric  chloride,  a 
white  precipitate,  becoming  grey  when  heated. 

2.  }{ tractions  in  Solution. — o.  Stannous  salts. — Stannous  oxide  has  bo  acid 
pmpertioff,  tin  being  basylous  in  all  stannous  salts.  These  salts  are  obtained  by  dis- 
solving stannous  oxide  in  acids,  the  hydrate  dissolving  much  more  easily  than  the 
anhy<lrous  oxide.  They  are  colourless,  and,  in  neutral  solution,  are  partially  decom- 
po»e<l  l^y  water,  with  precipitation  of  a  basic  salt.  They  absorb  oxygen  from  the  air, 
forminc;  stannic  oxide,  which  is  precipitated  if  there  is  not  enough  free  acid  present  to 
hold  it  in  solution.  The  reactions  of  stannous  salts  are  most  readily  studied  in  the 
solution  of  the  chloride.  They  exert  a  powerful  reducing  action,  converting  ferric 
oxide  into  ferrous  oxide,  and  precipitating  silver  and  platinum  in  the  metallic  state 
from  their  solutions. — With  mercuric  chloride  a  white  precipitate  of  mercnious  chloride 
is  formed,  which,  if  the  stannous  salt  is  in  excess,  is  further  reduced  to  metallic  mercury. 
—  Trichlitridfi  of  gold  produces  a  purple  precipitate  in  stannous  salts,  consisting  pto- 
ba1»ly  of  se.Mquioxide  of  tin  in  combination  with  protoxide  of  gold,  a  teat  by  which 
8tHnnr)UH  salts  may  always  bo  distinguished. — Sulphydric  acid  produces,  in  neutral  or 
acid  solutions  of  stannous  salt-s,  a  brown-black  precipitate  of  stannous  sulphide,  which, 
when  gently  heated  with  a  considerable  quantity  of  sulphide  of  ammonium  containing 
excess  of  sulphur,  is  converted  into  stannic  sulphide  and  dissolved;  acids  added  in 
oxcesM  to  this  solution,  precipitate  yellow  stannic  sulphide. — Caustic  alkalis  and  alJta- 
line  carftonafei,  abided  to  stannous  saltf,  throw  down  a  white  precipitate  of  hydrated 
stannous  oxide,  soluble  in  caustic  potash  or  soda,  but  not  in  ammonia. — Ferroct/anide 
of  jMitassium  prfKluces  a  white  prc'cipitate,  soluble  in  hydrochloric  acid.  Stannous  salts, 
heated  with  ^Iphurous  acid,  yield  yellow  stannic  sulphide  and  white  stannic  oxide. 

/3.  Stannic  salts. — Stannic  oxide  in  the  anhydrous  state  is  insoluble  in  all  acids, 
even  in  nitromuriatic  acid.  It  forms  two  hydrates,  distinguished  as  stannic  and 
mctastannic  hydrates,  the  former  of  which  is  an  amorphous  gummy  substance, 
soluble  in  hydrochloric,  sulphuric,  und  nitric  acids,  and  in  caustic  alkalis,  whereas  the 
latter,  formed  from  by  it  the  action  of  strong  nitric  acid,  is  distinguished  by  its  insolu- 
bility in  acids,  eH|>ocially  in  nitric  acid  and  in  concentrated  hydrochloric  acid. 

The  solution  of  stannic  hydrate  in  hydrochloric  acid  is  identical  with  the 
aqueous  solution  of  stannic  chloride.  It  is  distinguished  from  stannous  solutions  by 
not  exerting  any  reducing  action. — Metallic  sine  and  cadmium  immersed  in  stannic 
solutions  throw  down  metallic  tin  in  an  arlwresccnt  form. — Sulphydric  acid  and  sul- 
phide of  ammonium  throw  down  the  yellow  disulphide,  soluble  in  alkalis  and  in  sulphide 
of  ammonium. — Ammonia  throws  down  a  white  bulky  hydrate,  soluble,  with  some  tur- 
bidity, in  a  laige  excess  of  ammonia.  The  presence  of  tartaric  acid  prevents  the 
precipitation. — Potash  throws  down  a  white  bulky  hydrate  (probably  containing 
potash),  easily  soluble  in  excess. — Carltonaie  of  potassium  gives  a  white  precipitate, 
consisting  (according  to  Fr^my)  of  potassic  stannate,  which  dissolves  in  excess  of  the 
reapent,  but  separates  completely  after  a  while. — Bicarbonate  of  potassium  and  srs- 
quicarhonate  of  ammmiium  throw  down  the  hydrated  oxide,  insoluble  in  excess  of  the 
reagent.—  Chloride  of  gold  gives  no  precipitate  with  stannic  salts. 

Mn«^«a<-«*inic  hydrate,  as  already  observed,  does  not  dissolve  in  stjx>ng  hydro- 
forms  with  it  a  compound  insoluble  in  acids,  but  soluble  in  pure  water. 
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Volumetric  Estimaium. ^Tin  may  be  estimated  Tolnmetrically  hj  euuTcrting  a 
stanDouB  into  a  stannic  salt  with  oxidising  solntions  of  known  strength.  One  at 
stannous  oxide,  SnO,  by  taking  up  1  at.  oxygen,  is  converted  into  stannic  oxide,  SnO*: 
consequently,  1  at.  ox}'pn  (16)  is  equivalent  to  1  at  tin  (118).  The  qnantihr  of  the 
oxidising  solution  required  to  ofiect  the  conversion  is,  however,  materiallj  affected  bj 
the  greater  or  less  dilution  of  the  solution,  the  greater  or  smaller  amoont  of  firee  add 
present,  and  the  quantity  of  oxygen  dissolved  in  the  water.  Penny  (Chem.  Soc  Qa.  J. 
IV.  239  ;  vii.  50),  and  afterwards  Streng  (Ann.  Ch.  Pharm.  xc.  411),  ased  a  solation 
of  acid  potassic  chromate  for  the  titration  of  tin;  Schlagdenhauffen  (J.  Phaxm. 
[3]  xxxi.  96)  uses  manganate  of  potassium. 

8treng  mixes  the  acid  solution  of  stannic  chloride  with  a  little  starch-paste  eon- 
taining  iodide  of  potassium,  and  then  adds  a  graduated  solution  of  acid  potaasimn- 
clironiute,  till  a  blue  colour  is  developed  by  the  separation  of  iodine.  The  reaetioo 
takes  place  as  shown  by  the  equation,  3SnO  +  Cr*0«  —  3SnO*  +  CrHy,  so  tbat 
1  at.  tin  (118)  corresponds  to  \  at.  acid  potassium-chromate  (K*Cr*0'  ■•  230*6). 
Streng  and  Penny  found  that  100  pts.  tin  required  83'2  pts  of  the  acid  chromate ;  thie 
calculated  quantity  is  83*4.  According  to  Kessler  (Pogg.  Ann.  xcvi.  129),  the  tifcn- 
tion  by  this  method  generally  gives  inaccurate  results,  for  the  reasons  above  mentioned. 
Aceording  to  Mulder,  the  chromic  acid  solution  ought  to  be  titrated  with  pore  tin, 
and  the  process  conducted  as  far  as  possible  under  similar  circumstiuicea.  According 
toLdwenthal(J.pr.Chem.  Ixxvi.  484;  Ixxviii.  384),  stannous  chloride  in  acid  solntioo 
may  be  more  exactly  titrated  after  addition  of  ferric  or  cupric  chloride.  Stromeyer 
(Ann.  Ch.  Pharm.  cxvii.  261)  oxidises  metallic  tin,  or  stannous  chloride,  by  dissolving  it 
in  excess  of  ferric  chloride,  whereby  stannic  and  ferrous  chlorides  are  produced : 

Sn   +   4FeCl«     «     SnCl*   +   4FeCl«, 
and  SnCl»   +   2FeCl«     «     SuCl*   +   2FeCl«. 

The  quantity  of  ferrous  salt  thus  formed  is  determined  by  titration  with  permso- 
gauate,  the  ferrous  salt  being  less  susceptible  to  the  action  of  free  oxygen  than  the 
Bt4innous  salt — and  the  quantity  of  tin  is  thence  determined  by  calculation.  In  the 
first  case,  4  at.  iron  (224  grms.),  or  2  at.  oxygen  added  (32  grms.)  comespood  to 
1  at.  tin  (118);  in  the  latter,  2  at^  iron  (.H^)  ^^  ^  ^^  oxygen  (16),  correspond  to  1 
at.  tin  (118)  or  1  at.  stannous  chloride  (189).  If  the  tin  is  in  the  state  of  stannic 
oxido  or  chloride,  it  must  first  be  reduced  by  introducing  a  plate  of  rinc  into  the  solu- 
tion, and  the  precipitated  tin  then  dissolved  in  ferric  chloride,  with  addition  of  hydro- 
chloric acid.  If  it  has  been  precipitated  from  an  acid  solution  as  sulphide,  this  preei- 
pitite  is  also  to  be  dissolved  in  ferric  chloride,  a  reaction  which  u(  attended  with 
sepiiration  of  sulphur : 

'    SnS«  +   4FcCl»     =     SuCl*  +   4FeCl»  +  S«. 

The  solution  is  then  to  be  titrated  as  above,  4  at.  iron  corresponding  to  1  at.  tin.  If 
the  tin  has  been  precipitated  from  an  alkaline  sulphostannate  by  an  acid,  the  precipitate 
consists  (according  to  Kiihn),  not  of  pure  stannic  sulphide,  but  of  stannic  sulphydrate 
Sn''H'8'.  The  decomposition  by  ferric  chloride  then  takes  place  as  shown  by  the 
equation : 

SnH»S>   +   6FeCT     -     SnCl*  +   6FeCl*  +   2Ha  +   S». 

In  this  case  6  at.  iron  are  equivalent  to  1  at.  tin. 

Lens  sen  (Ann.  Ch.  Pharm.  cxiv.  113)  titrates  stannic  chloride  with  iodine  in 
alkaline  solution.  The  tin  or  stannous  salt  is  dissolved  in  hydrochloric  acid  in  am 
atmosphere  of  carbonic  anhydride,  and  sodio-potassic  tartrate  (Rochelle  salt),  or  acid 
sodic  carbonate,  is  added  in  excess ;  the  solution  is  then  mixed  with  starch-paste,  and 
a  titrated  solution  of  iodine  in  iodide  of  potassium  is  added,  till  a  permanent  blue 
colour  is  produced.  Stannic  iodochloride  is  then  formed,  according  to  the  equation 
Sn"Cl«   +   P  «  Sn'^Cl^P,  so  that  2  at.  iodine  (254)  correspond  to  1  at.  tin  (118). 

To  determine  volumetrically  the  relative  quantities  of  stannous  and  stannic  salt 
existing  together  in  a  solution,  the  liquid  is  finjt  titrated  directly  by  either  of  the  pre- 
ceding methods,  whereby  the  quantity  of  tin  existing  as  stannous  salt  is  determined ; 
and,  secondly,  after  the  stannic  salt  has  been  reduced  to  stannous  salt,  which  gives  the 
total  amount  of  tin. 

4.  Separation  of  Tin  from  other  Metals, — In  metallic  alloys  tin,  as  already  observed, 
may  be  separated  from  most  other  metals  except  antimony,  gold  and  the  platinum-metals, 
by  oxidising  the  alloy  with  nitric  acid,  whereby  the  tin  is  converted  into  insoluble  meta- 
stannic  acid,  while  silver,  copper,  lead,  cadmium,  iron,  manganese,  cobalt,  nickel,  and 
zinc— and  likewise  bismuth,  if  a  sufficient  quantity  of  dilute  nitric  acid  is  used — are 
dissolved.  Tin,  alloyed  with  metals  which  form  volatile  chlorides,  may  be  separated 
by  heating  the  finely-divided  alloy  in  a  current  of  chlorine  gas ;  stannic  chlorioe  then 
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By  recrystallisation  from  water  the  Bait  is  decomposed,  with  separalioii  of  lead-flno- 
rido. 

The  lithium-salt,  2LiF.SnF*.2lPO,  rarely  forms  distinct  monoclinic  crystals :  gene- 
rally only  crystalline  crusts,  or  indistinct  microscopic  crystals. 

The  magnesium'Salt,  Mg'T^.SnF*.6HK),  crystallises  in  hexagonal  combinationt, 
permanent  in  the  air. — The  manaanese'Salt,  Mn"F*.SnF*.6H*0,  forms  pale-red  shin- 
ing crystals,  isomorphons  with  the  last,  and  gradually  becoming  dull  on  exposure 
to  the  air. — The  nickel-salt^  NiF*.SnF^6H'0,  is  £kewise  isomorphons  with  the  magne- 
sium-salt. 

The  potassium-salt^  2KF.SnF*.H*0,  is  obtained  by  saturating  a  solution  of  potassie 
Stan n ate  with  hydrofluoric  acid,  and  evaporating,  in  laminar  crystals,  which  dissolve 
in  2*3  pts.  of  boiling  water,  and  in  16  to  16  pts.  water  at  18^.  Sometimes,  espe- 
cially on  recrystallising  with  addition  of  a  drop  of  hydrofluoric  acid,  a  salt,  identical  in 
composition  with  that  just  described,  is  obtained  in  granular  crystals  having  the  lonn 
of  rhombic  pyramids,  soluble  in  3  pts.  boiling  water  and  in  27  pts.  water  at  18^.  The 
crystals  of  both  kinds  retain  their  water  till  heated  above  100^,  and  melt  at  a  red 
heat,  with  loss  of  hydrofluoric  acid. — An  acid  potassium-salt,  2(2KF.SnF*).(KF.HF), 
or  2K-Sn*'F*.KHF*,  crj-stallises  in  needle-shaped  monoclinic  combinations. 

The  silver-salt,  2AgF.SnF*.4H*0,  forms  indistinct  crystals,  which  melt  below  100®, 
but  do  not  give  off  their  water  till  heated  to  a  higher  temperature,  at  which  also 
hydrofluoric  acid  is  given  off. 

The  aodium-salt,  2NaF.SnF^,  has  not  been  obtained  in  distinct  cxystaU :  it  diasolvei 
in  18  to  19  pts.  of  water  at  20^. 

The  zinc-salt,  2inF^.SnF*.6HK),  is  isomorphons  with  the  magnesiam-salt,  and  essOy 
soluble  in  water. 

TXV,  Z09ZBBS  OF.  There  are  two  iodides  of  tin  analogous  to  the  protoxide 
and  dioxide.  The  existence  of  a  sesquioxide,  Sn^l*,  is  doubtful.  A  solution  of  iodine 
in  iodide  of  potassium  (1  at.  iodine  to  2  at.  KI)  does  not  precipitate  a  solution  of 
stannic  chloride,  but  on  evaporation  a  yellow  powder  is  deposited,  which  maj  possibly 
be  the  sesqui-iodide.     (BouUay.) 

Di-iodide  of  Tin,or  Stannous  Iodide. — This  compound  is  produced  : — 1.  By 
heating  1  pt.  of  tin  with  2  pts.  of  iodine  till  the  iodine  melts.  A  violent  action  then  takes 
place,  and  a  brown  miiss  is  formed,  consisting  of  stannous  and  stannic  iodides,  the 
latter  of  which  may  be  separated  by  sublimation,  while  the  stannous  iodide  remains 
in  the  form  of  a  rod  crystalline  mass. — 2.  By  adding  iodide  of  potassium  in  slight 
excess  to  a  warm  concentrated  solution  of  stannous  chloride,  the  liquid,  as  it  cools, 
depositing  stannous  iodide  in  yellowish-red  needles. — 3.  By  the  action  of  hydriodie 
acid  on  tin  or  the  dichloride.  When  moderately  concentrated  hydriodie  acid  is  placed 
in  contact  with  strips  of  tinfoil,  or  with  tin-flliugs,  in  a  long  glass  tube,  and  kept  in 
gentle  ebullition  for  several  d^iys,  or  heated  in  a  sealed  tube  to  120^ — 150^  for  some 
hours,  stannous  iodide  is  formed,  in  shining  yellowish-red  prisms  (Wohler  and 
Biinhaupt,  Ann.  Ch.  Pharm.  Ixxxvi.  374).  Tin,  heated  with  iodide  of  amyl  to  180°, 
in  a  sealed  tube  for  some  time,  is  converted,  partly  into  yellowish-red  quadratic  octa- 
hedrons, partly  into  sulphur-yellow  prisms,  which  quickly  turn  red  in  contact  with  the 
air :  these  compounds  have  not  been  analysed. 

Stannous  iodide,  heated  in  a  close  vessel,  melts  to  a  dark-red  crystalline  mass,  yield- 
ing a  cinnabar-coloured  powder.  When  heated  in  contact  with  the  air,  it  is  decomposed, 
stannic  iodide  subliming,  and  stannous  oxide  remaining.  It  is  slightly  soluble  in 
cold,  somewhat  more  soluble  in  hot  water,  and  is  not  decomposed  thereby.  A  solution 
of  stannous  iodide  is  likewise  formed  by  heating  tin  with  water  and  iodine.  Stannous 
iodide  dissolves  also  in  aqueous  stannous  chloride. 

Compounds  of  Stannous  Iodide. — o.  With  stannous  chloride. — An  aqueous  solu- 
tion of  stannous  chloride  mixed  with  iodine,  deposits  stannous  iodide ;  and  on  evapo- 
rating the  remaining  liquid  (which  contains  stannic  chloride,  stannous  chloride,  and 
stannous  iodide),  stannous  ch  lor  iodide,  SnClI  or  SnCl".SnP,  separates  in  straw- 
yellow,  non-volatile  crystals,  which  are  decomposed  by  water,  with  separation  of  stan- 
nous iodide.    (Henry.) 

/3.  With  stannous  oxide. — Stannous  iodide  is  decomposed  by  a  large  excess  of 
water,  forming  hydriodie  acid  which  dissolves,  and  stannous  oxide  which  unites  with 
the  undecomposed  iodide,  forming,  according  to  Personne  (Compt.  rend.  liv.  216), 
insoluble  oxyiodides  of  variable  composition,  which  are  yellow,  pulverulent,  and  aie 
decomposed  by  a  large  quantity  of  water.  Personne  analysed  four  of  these  compounds, 
•-«4u«  Sn«IO»  «  SnP.2SnO  ;  SnU'O  =  SnI-.SnO  ;  Sn»I*0  «  2SnI«JSnO ;  and 
8SnI«.SnO. 

ammonia. — 100  pts.  stannous  iodide  absorb  20  pts.  ammonia-gas,  form- 
fiompound,  which  in  the  pure  state  is  probably  2NH*.SnI*,  or  iodide  of 
\um  (N«H«Sb")1«.     (Rammelsberg,  Pogg.  Ann.xlviii.  1C9.) 
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Stannous  Hydrate,  Sn*H*0'  «  2SnO.H*0,  is  obtained,  as  a  white  precipitafce,  by 
decomposing  a  stannous  salt  with  an  alkaline  carbonate.  It  dissolveB  in  acida  and  in 
the  fixed  alkalis  much  more  easily  than  the  anhydrous  oxide,  but  ia  inaolnble  in  ammo- 
nia. When  boiled  with  water  or  with  aqueous  alkalis,  or  when  gently  heated  in  the 
dry  state,  it  is  converted  into  the  anhydrous  oxide.  When  exposed  to  the  air,  it 
gradually  takes  up  oxygen,  and  is  converted  into  stannic  hydrate.  When  boiled  with 
strong  potash-ley,  it  yields  stannat>e  of  potassium  and  metallic  tin. 

Stannous  hydrate  acts  as  a  deoxidising  agent,  like  the  corresponding  chloride  (p.  806), 
reducing  some  metallic  oxides  to  metal,  o&ers  to  a  lower  state  of  oxidation.  Its  action 
on  cupric  oxide  has  been  specially  studied  by  Lens  sen  (J.  pr.  Chem.  Ixxxix.  90; 
Jahresb.  1860,  p.  182).  When  a  solution  of  stannous  hydrate  m  alkaline  carbonate  is 
mixed  with  an  alkaline  cupric  solution  (prepared  with  cupric  sulphate,  tartaric  acid, 
and  sodic  carbonate),  a  flesh-coloured  precipitate  is  at  first  prodnced,  oonsistingof 
cuprous  and  stannous  oxides ;  and  on  adding  more  cupric  sulphate,  a  red  precipitate  is 
formed,  containing  cuprous  and  stannic  oxides.  When  solutions  of  stannous  and 
cupric  oxide  in  caustic  alkali  are  mixed  together,  cuprous  oxide  ia  precipitated, 
together  with  stannic  oxide. — With  excess  of  the  tin-solution,  a  yellowiah  liquid  is 
produced,  which,  when  heated,  deposits  a  black  powder,  composed  of  CaK).3SnO.SnO*. 
6U'0.  This  compound  acquires  a  tinge  of  green  in  drying,  gives  o£f  2  at.  water  at 
100°,  and  when  heated  in  the  air,  oxidises  with  incandescence,  and  then  contuns 
cuprous  and  stannic  oxides. — When  a  boiling  solution  of  stannous  oxide  in  caustic 
alkali  is  mixed  with  a  small  quantity  of  alkaline  cupric  solution,  a  heavy  black  pow- 
der  is  deposited,  which  acquires  metallic  lustre  by  burnishing ;  this  body  contains 
79'1  per  cent  copper  to  14*8  tin  ;  tlierefore  10  at.  copper  to  1  at.  tin  and  3  at.  oxygen : 
hence  it  appears  to  be  an  alloy  of  copper  and  tin  mixed  with  cnpzooa  or  stannous 
oxide. 

Seaqoiozide  of  Tin,  Sn*0'. — This  oxide  was  obtained  by  Fnchs,  in  combina- 
tion with  water,  by  diffusing  recently  precipitated  ferric  oxide  in  a  solution  of  stannous 
chloride  not  containing  any  excess  of  acid,  and  afterwards  boiling  the  mixture.  Ses- 
quioxide  of  tin  is  then  precipitated,  and  ferrous  chloride  remains  in  solution : 

2SnCl*  +  Fe«0"     -     Sn«0«  +  2Fea». 

The  sesquioxide  thus  obtained  is  a  slimy  grey  matter,  generally  yellow  fiomadfaeriiw 
oxide  of  iron.  Ammonia  dissolves  it  easily  and  without  residue,  a  character  whi^ 
distinguishes  this  oxide  from  the  protoxide  of  tin,  the  latter  being  insoluble,  or  nearly 
so,  in  ammonia.  Sesquioxide  of  tin  is  dissolved  by  concentrated  hydrochloric  arid ; 
the  taste  of  the  solution  is  not  metallic.  The  solution  is  distinguished  from  that  of  a 
stannic  salt,  by  producing  the  characteristic  purple  precipitate  with  chloride  of  geld. 
Sesquioxide  of  tin  does  not  appear  to  form  definite  salts. 

Biozide  of  Tin,  or  Btannlo  OzidevSnO*.— This  oxide  occurs  native  as  Thutone 
or  Cassiierite,  bein^  in  fact  the  principal  ore  of  tin  (p.  798).  It  forms  quadratic  crys- 
tals, usually  exhibitirg  the  combination  P .  ooP  .  Poo  .  ooPoo  (fy,  322,  voL  ii.  p.  160). 
The  prismatic  faces  are  often  but  little  developed,  and  Poo  is  often  absent  altogether. 
The  combinations  P  .  ooP  .  ooP|,  and  P  .  ooP  .  3PJ,  likewise  occur.  For  P,  the 
length  of  the  principal  axis  is  0-6743.  Angle  P  :  P  (terminal)- 121°  36";  P  :  P  (late- 
ral) —  87°  17'.  Twins  occur  like /^.  323.  The  crystals  cleave  imperfectly  parallel 
to  ooP  and  ooPoo  ,  and  in  traces  parallel  to  P.  The  mineral  occurs  also  in  imbedded 
and  implanted  crystals,  and  in  botryo'idal  or  reniform  shapes,  with  fibrous  diver- 
gent structure,  and  composed  of  concentric  coats,  constituting  the  variety  called  wood' 
tin,  or,  when  it  occurs  in  small  lumps,  toa^s-eyc'tin ;  also  massive,  granular  or  impal- 
pable. Hardness  »  6  to  7.  Specific  gravity  ^  6*3  to  7*1.  Lustre  adamaptine; 
crystals  usually  splendent  Colour  brown  or  black,  sometimes  red  grey,  or  yellow ; 
rarely  colourless.  Streak  white,  greyish,  or  brownish.  Nearly  transparent — translu- 
cent    Fracture  subconchoidal,  uneven.    Brittle. 


sand:  specific  gravity  =•  6*763  (Mallet,  Dublin  Geol.  Soc.  J.  iv.  272). — e.  Xeres,  in 
Mexico :  dark-brown  wood-tin,  yielding  a  red  powder :  specific  gravity  »  6*862 
(Bergemann,  Lconh.  Jahresb.  1857>  p.  395).—/,^.  From  the  sand  of  the  Tipuani 
river  in  Bolivia,  occurring  with  gold,  metallic  tin,  and  several  other  minerals: 
/.  brownish,  g,  black;  specific  gravity  =.  7*021  (D.Forbes,  PhiL  Mag.  [41, 
139): 
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H*Sn'^0»,  and  metastannic  acid,   Sn»0»».6H*0  -  H'«Sn*0»    the  former  being 
capable  of  exchaniiua  the  whole  of  its  hydrogen  for  metaU  and  forming  the  BUamatf 
which  conUiin  M*SnO',  whereas  the  latter  exchanges  only  one-fifth  of  its  hydrogm  for 
metals,  forming  the  metastannates,  M*II^n*0".    Benelins,  who  first  obserred  th^ 
differences  Wtween  those  two  acid>»,  supposed  them  to  contain  different  modiflcatioos  of 
stannic  oxide  ;  but  the  polymcrism  of  the  two  hydrates,  and  the  dirermtiee  of  composi- 
tion of  their  corresponding  salts,  is  quite  sufficient  to  account  for  their  diffi»renee9  of 
character  without  the  aid  of  any  such  hypothesis  (Frimy,  Ann.  Ch  Phys.  [3],  xii. 
462  ;  xxiii.  393).     Acconling  to  R.  Weber,  however  (Pogg.  Ann.  cnii.  358 ;  Jahrtsb. 
1864,  p.  243),  stannic  and  metastannic  acids  exhibit  no  essential  differences  in  tlieir 
behaviour  towards  bases.    Ho  finds,  indeed,  that  normal  stannate  of  potassium  can  tak^ 
up  a  large  quantity  of  stannic  hydrate,  forming  a  clear  solution,  which,  when  evaporatwl 
over  oil  of  vitriol,  leaves  a  hydrated  salt  containing  1  at  K*0  to  5  at.  SnO*;  and  that 
metastannic  acid  di8S(ilved  to  saturation  in  potash-ley,  and  ovaporat4Hi  in  like  manner, 
yields  a  salt  conUiining  1   at.  K*0  to  6  or  7  at.  SnO*.     Hence  Weber  concludee  that 
the  relations  of  stannic  and  metastannic  acids  to  bases  are  not  esaentially  different, 
an<l  that  their  supposed  polymerism  has  no  existence ;  but  his  results  require  con- 
firmation. 

Stanxic  Acid. — Tliis  hydrate  is  precipitated  by  acids  firom  solutions  of  alhaliite 
stannates,  also  from  tlio  solution  of  stannic  chloride  by  a  carbonate  of  barium  or  cal- 
cium, not  in  excess  ;  alkaline  carbonates  throw  down  an  acid  stannate.  When  driird 
in  a  vacuum,  it  has  the  composition  SnO'.H*0  «=  SnH-O*;  after  drying?  in  a  stream  of 
dry  air,  it  contains  225  per  cent,  water,  corresponding  with  the  formula  3SnO'.7H"0,  or 
3SnII-()'.4n20  ;  and  at  140°  it  gives  off  6  at.  water,  leaving  the  hydrate  3SnO«2n-0, 
which  has  the  same  composition  as  metastannic  acid  dried  at  the  same  temperature, 
(p.  820). 

Stannic  acid,  when  recently  precipitated,  is  gelatinous;  after  drying  in  the  air,  it 
forms  hard  translucent  lumps,  like  gum-arabic,  which  rixlden  litmus.  According  to 
Weber,  stannic  acid  dried  in  the  air  at  ordinary  temperatures  contains  SnO*.2n'0, 
and  has  therefore  the  samo  percentage  composition  as  air-dried  metastannic  acid. 

8t4innic  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic  salts.  These 
salts  arc  also  formed  by  exposing  solutions  of  stannous  salts  containing  excess  of  add  to 
the  nir,  or  by  treating  them  with  chlorine,  or  with  a  small  quantity  of  nitric  acid.  The 
solutiim  of  stannic  hydrate  in  hydrochloric  acid  is  identical  with  aqueous  stannic 
chloride.  The. stannic  salts  of  oxygen-acids  are  very  unstable.  The  general  reactions 
of  the  stannic  salts  have  been  already  described  (p.  810).  The  indiridual  salts  are 
described  under  the  respective  acids. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  decidedly  than  basic  pro- 
perties. It  forms  easily  soluble  salts  with  the  alkali-metals,  and  from  these  the 
insoluble  stannates  of  the  earth-metals  and  heavy  metals  are  obtained  by  double 
decomposition.  The  stannates  are  decomposetl  by  acids,  yielding  gelatinous  stannic 
acid.  The  general  formida  of  the  normal  stannates  is  M'-^Sn^^O'  =  M'O.SnO*.  They 
have  been  examined  chiefly  by  Fr^my  (loc.  ci7.)and  Moberg.  (J.  pr.  Chem.  xxviii. 
230.) 

Stannate  of  Ammonium, — An  acid  salt,  (NH*)*SnO'.SnO*urH*0,  remains  as  a 
yellowish  jelly  on  evaporating  an  ammoniacal  solution  of  stannic  acid  over  oil  of 
vitriol  (Moberg).  A  stannate  of  ammonium  is  aho  precipitated,  on  mixing  a  eola- 
tion of  potassic  stannate  with  sal-ammoniac,  as  a  gelatinous  mass,  which  dissolves  in 
pure  water,  but  is  reprecipitated  by  ammonia.     (Berzelius.) 

Stannate  of  Pofassiumf  K'SnO*  =  K'O.SnO',  is  prepared  by  dissolving 
stannic  acid  in  potash-ley,  or  by  fusing  metastannic  acid  or  anhydrous  stannic  oxide 
with  hydrate  of  potassium,  till  a  sample  mixed  with  nitric  acid  gives  a  predpitate 
which  rodissolves  in  excess  of  nitric  acid.  The  solution,  evaporated  over  oil  of  vitriol, 
yields  transparent  rhombic  prisms,  containing  K'SnO'.4H''0,  according  to  Fr^my; 
K^nO'.3ir^O,  according  to  Moberg  (/oc.  cit.),  Marignac  (Ann.  Min.  [3],  xv.  277), 
and  Ordway  (Sill.  Am.  J.  [2],  xl.  473).  Marignac  prepares  the  salt  by  gradually 
adding  30  pts.  metastannic  acid  to  80  pts.  fused  hydrate  of  potassium  till  the  mixture 
boils  up.  The  mass,  if  it  has  not  been  too  strongly  heated,  dissolves  almost  wholly  in 
water;  and  on  evaporating  the  liquid,  the  salt  is  obtained  in  crystals,  which  are  rhom- 
bohcdral  combinations,  often  forming  twins,  and  always  with  curved  faces. 

Ordway  prepares  pure  stannate  of  potassium  by  mixing  the  solution  of  the  crude 
commercial  salt  (obtain«H.i  by  igniting  tin  with  hydrate  and  nitrate  of  potassium)  with 
an  equal  volume  of  strong  alcohol,  repeatedly  treating  the  syrupy  layer  which  separates, 
with  alcohol,  pressing  the  pasty  mass  ultimately  obtained  (which  still  contains  free 
alkali),  then  dissolving  it  in  water,  and  washing  with  alcohol.  The  concentrated  solu- 
tion '"  'n  a  vacuum  yields  the  salt  in  liard,  transparent,  monoclinic  cz^'stals, 
of  8197. 
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acid,  which  maj  be  used  for  the  preparation   of  the  alkaline  stannates.     (James 
Young's  patent,  1848,  No.  12,359,  and  1849,  No.  12,744.) 

Stannates  of  Copper. — The  cupric  salt,  which  is  nsed  as  a  non-arsenical  gre«»n 
pif^ent,  may  be  prepared  by  adding  a  solution  of  1  at.  tin  (118  pta.)  in  nitromuriatic 
acid,  to  a  solution  of  1  at.  cu*  ric  sulphate  (250  pts.),  then  aading  caustic  soda  in 
excess,  and  washing  and  drying  the  resulting  precipitate;  or  by  igniting  100  pts. 
nitrate  of  sodium  with  59  pts.  tin,  dissolving  the  mass  in  water,  and  using  the  solution 
to  precipitate  cupric  sulphate  (Gen tele). — The  cuprous  salt^  which  has  not  yet  been 
obtained  pure,  is  formed,  together  with  other  products,  in  the  action  of  stannous  h^*drate 
on  cupric  oxide,  both  in  alkaline  solution  (p.  816). 

Metastaxxic  Acid,  Sn*H'*0'*  =-  Sn*0'*.6H'0. — Produced  by  the  action  of 
nitric  acid  upon  tin.  Tin  treated  with  strong  nitric  acid  is  completely  transformed 
into  a  white  powder,  which,  when  dried  in  the  air  at  ordinary  temperatures,  contains 
Sn»0'MOH«0  =  Sn»H'»0'».5H'0,  or  5SnO«.10H«0;  but  when  heated  for  some  time 
to  100°,  it  gives  oif  5  at.  water,  and  is  reduced  to  Sn*H»  0'*,  or  SSnO'.oHK).  At  140^ 
it  gives  off  more  water,  leaving  the  hydrate  3SnO*.2H*0  (or  5SnO*.4H*0,  according  to 
Fr^my's  later  statements) ;  at  160°  it  is  converted  into  5SnO*.3H*0,  and  at  a  red  heat, 
into  anhydrous  stannic  oxide. 

Accoivling  to  Weber,  nitric  acid  of  specific  gravity  1*2  converts  tin,  at  ordinary 
temperatures,  into  stannous  nitrate,  stannic  acid,  and  metastannic  acid,  which  is  coloured 
yellow  by  admixed  stannous  metastannate.  With  nitric  acid  of  specific  gravity  135, 
the  products,  if  the  liquid  is  well  cooled,  are  metastannic  acid  [?  stannic]  and  sttinnic 
nitrate;  by  dilution  and  heating,  the  stannic  acid  is  converted  into  insoluble  meta- 
stannic acid,  which  indeed  is  always  produced  under  the  infiuence  of  heat. 

Metastannic  acid  is  white,  crystalline,  insoluble  in  water,  and  in  nitric  acid.  It 
takes  up  hydrochloric  or  sulphuric  acid  without  dissolving  in  it. 

The  sulphuric  compound  is  decomposed  bv  water,  which  removes  the  whole  of  the 
sulphuric  acid.  The  compound  with  hydrochloric  acid  dissolves  in  pure  water,  but  i<* 
precipitated  from  the  solution  by  strong  hydrochloric  acid.  On  distilling  the  solution, 
hydrochloric  acid  is  given  off,  with  only  traces  of  stannic  chloride,  and  metastannic 
acid  remains.  Accord mg  to  Weber,  the  solution,  evaporated  over  oil  of  vitriol,  leart  s 
a  residue  consisting  of  SnCl*.3SnO'.5H*0.  The  same  solution  becomes  turl'id  on 
boiling,  and  by  prolonged  ebullition  with  fresh  quantities  of  water,  the  whole  of  the 
metastannic  acid  is  separated,  the  more  quickly  as  the  solution  is  more  dilute  (Fre  my). 
( For  the  reactions  of  the  hydrochloric  acid  solutions  with  acids,  alkalis,  &c.,  see  p.  811). 
A  dilute  solution  of  ordinary  stannic  acid  in  hydrochloric  acid  undergoes  a  gnwluHl 
change,  and,  after  some  time,  exhibits  the  characters  of  a  solution  of  metastannic  acid. 
The  transformation  is  quicker  as  the  solution  is  more  dilute,  and  in  very  concentr.it e<l 
sohif  ions  it  does  not  take  place  at  all ;  in  a  dilute  solution  also,  the  change  may  be  pre- 
vented by  addition  of  tartaric  acid.  The  gradual  tr.insformation  of  stannic  into  meta- 
stannic acid  may  be  recognised  by  the  reaction  of  the  solution  with  sulphuric  acid, 
Htannous  chloride,  ammonia,  tartaric  »icid,  and  fcrrocyanide  of  potassium  (p.  811). 

On  the  otiier  hand,  metasUinnic  acid  is  converted  into  normal  stannic  chloride  by 
rolongod  digestion  with  strong  hydrochloric  ncid,  especially  at  the  boiling  heat. 
rVhon  heated  in  dry  hydrochloric  acid  gas,  it  yields  a  distillate  of  stannic  chloride, 
from  which  ordinary  stannic  acid  may  be  obUiined.  By  fusion  with  excess  of  a  caustic 
alkali,  metastannic  acid  is  completely  converted  into  ordinary  stannic  acid. 

M  etas  tan  nates. — These  salts  may  for  the  most  part  be  represented  by  the  formula 
M=H"Sn*0",orM^0.4U«0.6SnO«.  They  exist  only  in  the  hydrated  state,  Wing  decora- 
p<)8e<l  when  deprived  of  their  basic  water.  Ijoweuthal  supposes  that  pure  metastannic 
aeid  does  not  unite  directly  with  alkalis,  but  that  the  so-called  metastaunates  ar<*  mix- 
tun-s  of  onlinary  stannates  with  metastannic  acid,  the  quantity  of  this  acid  contained 
in  them  being  less  in  proportion  as  the  acid  used  in  their  preparation  had  been 
more  compIet<'ly  converted  into  ordinary  stannic  acid :  hence  the  variations  which  have 
been  observed  in  the  composition  of  some  of  these  salts. 

Metastannic  acid  dissolves  s'owly  in  alkalis,  and  is  gradually  deposited  in  its 
original  state,  as  the  solution  absorbs  carl>onic  acid  from  the  air.  From  solutions  of 
the  alkaline  metaMtannates,  acids  throw  down  metastannic  acid,  insoluble  in  nitric 
acid,  but  soluble  in  ammonia,  whereas  the  original  metastannic  acid  formed  by  the 
action  of  nitric  acid  upon  tin  is  insoluble  in  ammonia. 

The  metastanuatos  of  potassium  and  soilium,  heated  with  excess  of  base,  are  trans* 
formed  into  stannates.  Tiiey  are  soluble  in  water.  The  other  metastannates  aro 
insoluble,  and  are  obtained  by  double  decomposition. 

Metastannate  of  Potassium,  K*n"Su*0'*,  is  prepared  by  dissolring  metastan- 
nic acid  in  cold  potash ;  it  may  bo  precipitated  in  the  solid  state  by  adding  pieces 


?. 
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hydrogen-gas;  but  when  heated  in  contact  with  the  air,  it  bums  withoat  melting,  giving 
off  selenium,  and  forming  stannic  oxide.  The  protoselcnide  is  also  formed,  when  selen- 
hydric  acid  gas  is  passed  into  protochloride  of  tin,  as  a  dark-brown  precipitate,  which 
dries  up  to  a  nearly  black  powder,  soluble  in  caustic  alkalis  and  in  solphiaes  of  alkali- 
metals. 

The  discienide,  or  Stannic  atlenide,  SnSe*,  is  formed  by  precipitating  aqneons  stannic 
chloride  with  selenhydric  acid.  It  is  a  glittering,  dark,  yellowish-ped  precipitate, 
becoming  light  red-brown  when  dry.  When  heated  in  hydrogen-gas,  it  gives  off 
half  its  selenium ;  it  dissolves  in  caustic  alkalis  and  alkaline  suTphideB,  the  solutioo 
quickly  depositing  sulphur  when  exposed  to  the  air. 

According  to  Little  (Ann.  Ch.  Pnarm.  cxii.  213),  stannic  selenide  is  also  formed  by 
heating  tin  in  selenium-vapour,  and  is  then  a  tin-white,  metallically  lustrous  mass, 
having  a  concho'idal  fracture,  and  a  density  of  6*133 :  it  is  easiljr  fusible,  is  not 
attacktHl  by  hydrochloric  acid,  but  is  easily  decomposed  by  nitric  acid ;  dissolved  by 
nitromuriatic  acid. 

TZV,  BUXPBZBBS  OT.  There  are  three  sulphides  of  tin  corresponding  to  the 
oxides ;  the  sesquisulphide,  however,  is  perhaps  a  compound  of  the  other  two. 

The proto8ulphidf,  or  Stannous  sulphide^  SnS,  is  formed,  with  rivid  incan- 
descence, when  finely-divided  tin,  such  as  tinfoil,  is  heated  with  sulphur.  The 
resulting  muss  generally  contains  metallic  tin,  and  must  therefore  be  pulverised,  and 
repeatedly  heated  with  sulphur  in  a  close  vessel.  Stannous  sulphide  thus  prepared  is 
a  dark,  lead-grey,  lamino-crystalline  mass,  of  specific  gravity  4*8  (Karsten);  5*2 
(Boullay),  somewhat  tough,  difficult  to  pulverise,  and  less  fusible  thiui  tin.  Beeque- 
rcl  lias  obtained  it  by  electrolytic  action,  in  white  metallically  lustrous  cubes. 

The  same  compound  is  obtained,  as  a  brown-black  amorphous  precipitate,  by  passing 
sulphydric  acid  gas  into  the  solution  of  a  stannous  salt.  This  amorphous  sulphide 
may,  liowever,  bo  rendcro<l  crystalline  by  adding  it  by  small  portions,  after  washing 
ami  drying,  to  anhydn>u8  stannous  chloride  in  the  melted  state,  as  long  as  it  is  taken 
up  thereby ;  then  leaving  the  dark-brown  liquid  to  cool,  dissolving  out  the  stannous 
chloride  by  dilute  hydrochloric  acid,  and  removing  an  admixed  dark-brown  powder  by 
levigation;  stannous  sulphide  then  remains  in  small,  thin,  lead-grey,  metHllically 
lustrous  laminae,  greasy  to  the  touch,  and  having  a  specific  gravity  of  4*973.  (Schnei- 
der,  Pogg.  Ann.  xcv.  169.) 

Stannous  sulphide  dissolves  in  boiling  hydrochloric  acid^  giving  off  sulphydric  acid, 
and  yielding  a  solution  of  stannous  chloride.  It  dissolves  but  slightly  in  mononUpkide 
of  ammonium^  even  when  freshly  precipitated,  but  easily  in  solutions  of  alkaline  foly- 
sulphides,  or  of  the  monosulphides  mixed  with  sulphur,  the  protosulphide  of  tin  in 
either  case  being  converted  into  disulphide.  It  is  slowly  oxidised  oy  heating  with 
nitric  acUl. — Chlorine-gas,  at  ordinary  temperatures,  converts  it  into  liquid  stannic 
chloride,  and  a  crystalline  compound  of  that  substance  with  tetrachloride  of  sulphur 
(H.  Rose): 

2SnS   +   8C1«     »     SnCl*   +   SnCa*.2SCl*. 

When  heated  in  hydrogen-gas,  it  is  slowly  reduced  to  the  metallic  state.— By  fusion 
with  cyanide  of  potassium,  it  yields  sulphocyanate  of  potassium  and  metallic  tin. 

Sesquisulphide  of  Tin,  Su*S*,  is  produced  by  gently  igniting  an  intimate  mixture 
of  3  pts.  stannous  sulphide  and  1  pt.  sulphur  in  a  retort..  100  pts.  of  stannous 
sulphide  thus  treated,  take  up  10-5  pts.  of  sulphur.  It  is  greyish-yellow,  with  metallic 
lustn?.  When  strongly  ignited  in  a  close  vessel,  it  gives  off  one-third  of  its  sulphur. 
— Vfith  potash-ley  it  yields  a  solution  of  potassic  stannate  and  sulphostannate,  and 
a  rt»sidue  of  stannous  sulphide.  Concentrated  hydrochloric  acid  converts  it  into 
disulphide  of  tin,  leaving  half  the  tin  in  the  form  of  protoxide.  The  same  compound 
separates,  in  the  form  of  a  liver-coloured  powder,  on  digesting  a  saturated  solution  of  a 
sulphostannate  with  disulphide  of  tin.  By  digestion  with  caustic  potash,  it  is  con- 
verted into  the  black  protosulphide.     (Berzolius.) 

Disulphide  of  Tin,  or  Stannic  Sulphide,  SnS*.  Sulphostannic  acid. — This 
compound  may  be  produced  either  in  the  dry  or  in  the  wot  way.  It  cannot,  however, 
be  obtained  by  simply  heating  tin  with  sulphur,  because  the  union  of  tin  and  sulphur 
is  always  attended  with  great  development  of  heat,  sufficient  torcsolve  the  disulphide, 
if  formed,  into  protosulphide  and  free  sulphur.  This  decomposition  may,  however, 
bo  prevented  by  adding  to  the  mixture  certxiin  volatile  substances,  such  as  mercury 
or  sal-ammoniac,  which,  in  passing  into  vapour,  will  render  latent  a  certain  portion  of 
the  heat  evolved,  and  thus  keep  down  the  temperature.  According  to  L.  Gmeli  n,  how- 
ever, sal-ammoniac,  when  present,  takes  a  direct  part  in  the  reaction,  which  then 
twnsists  of  two  stages;  first,  tho  formation  of  aramonio-stannous  chloride  with 
evolution  of  hydrogen  and  ammonia: 

8n   +   4NH*C1     =     2NH^Cl.SnCP   +   H«   +   2NH»: 
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and,  Meoodlj,  the  fomatioii  of  Btannie  snlphidi)  and  ammonio-stannio  chloride,  bj  the 
action  of  the  sulphur  on  the  ammonio-etannous  chloride : 

2(2NH«Cl£nCl*)  +  fiP     =     SnS«  +   2NH*CLSnCl«  +   2NH«CL 
The  following  are  some  of  the  miztores  used : 

a.  Piotochloride  of  tin  and  sulphar  (Proust). — b.  Equal  parts  of  sifted  tin-filings, 
sulphur,  and  sal-ammoniac  (Pellet ier). — c,  4  pts.  of  tin-filings,  8  pts.  sulphur, 
2  pts.  sal-ammoniac  (Woulfe). — d.  A  pulyeriseu  amalgam  of  2  pts.  tin  and  2  pts. 
mercary,  with  1^  pt.  sulphur  and  1  pt  sal-ammoniac  (Th^nard). — e,  A  pulvensed 
amalgam  of  12  pts.  tin  and  6  pts.  mercur)',  with  7  pta.  sulphur  and  6  pts.  sal-ammoniac 
(whereby  1^  pt.  of  volatile  liver  of  sulphur,  13^  pts.  sublimed  matter,  and  16  pts.  of 
fine,  and  for  the  most  part  sublimed,  mosaic  gold  are  obtained)  (Woulfe).—-^.  A 
pulverised  amalgam  of  12  pts.  tin  and  3  pts.  mercury,  with  7  pts.  sulphur  and  3  pts. 
sal-ammoniac. — ^.  2  ptA.stannous  oxide  and  1  pt.  sulphur. — h.  8  pts  stannic  oxide, 
7  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — t.  10  pts.  stannous  sulphide, 
5  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — k.  5  pts.  stannous  sulphide, 
1  pt.  stannous  chloride,  and  2  pts.  sulphur. — /.  5  pts.  stannous  sulphide  and  8  pts. 
mercuric  chloride;  this  mixture  yields  a  very  beautiful  preparation.     (Won If o.) 

Either  of  these  mixtures  is  slowly  heated  to  redness  in  a  gUss  retort  or  a  loosely 
covered  fitisk,  immersed  in  a  sand>bath.  Vapours  of  mercury,  sal-ammoniac,  &;c.  are 
then  given  off,  afterwards  the  excess  of  sulphur;  while  the  stannic  sulphide 
partly  remains  at  the  bottom  of  the  vessel,  and  partly  collects  in  the  upper  portion,  as 
a  sublimate  consisting  of  soft  golden-yellow  or  brownish-yellow  laminx,  unctuous  to 
tlie  touch,  having  a  metallic  lustre,  and  a  specific  gravity  of  4*60,  according  to 
Karsten — 4*4,  according  to  Boullay.  This  crystalline  stannic  sulphide  is  commonly 
culled  mosaic  gold,  Aurum  mosaicum^  s.  musivutrij  and  as  such  was  known  to  the 
alchemists.  Stannic  sulphide  is  likewise  obtained  in  gold-coloured  spangles,  by 
passing  the  mixed  vapours  of  stannic  chloride  and  hydric  sulphide  through  a  porce- 
lain tube  heated  to  dull  redness. 

Mosiiic  gold  is  sometimes  used,  in  place  of  the  amalgam  of  tin  and  zinc,  for  coating 
the  rubbers  of  electrical  machines ;  it  produces  powerful  excitation,  requires  no  grease, 
and  does  not  stick  to  the  glass. 

Stannic  sulphide  is  obtained  in  the  amorphous  state  by  passing  sulphvdric  acid  into 
a  solution  of  stannic  chloride,  or  of  a  stannic  salt  acidulated  with  hydrochloric  acid. 
The  resulting  light-yellow  precipitate,  after  drying,  is  yellowish-brown  and  somewhat 
translucent,  still  contains  a  certain  quantity  of  water,  and  decrepitates  when  heated. 

Stannic  sulphide,  ignited  in  a  close  vessel,  is  resolved  into  sulphur  and  stannous 
sulphide,  a  portion,  however,  subliming  without  decomposition ;  in  contact  with  the 
air,  it  yields  sulphurous  anhydride  and  stannic  oxide.  In  chiorine-gas  it  deliquesces 
even  at  ordinary  temperatures,  forming  a  brown  liquid,  which  afterwards  solidifies  to 
yellow  crystals  of  the  compound  8nCl*.2SCl*  (p.  808).  Heated  with  iodine  in  a  Htroam 
of  carbonic  anhydride,  it  yields  the  compound  SnSP.SP,  as  a  brown,  crystalline,  fuHible 
mass,  or  a  dark-yellow  sublimate.  This  iodosulphido  dissolves  without  decompo8ition 
in  chloroform  and  in  carbonic  disulphide,  and  separates  from  the  latter  solution  in 
rhombic  crystals  of  the  colour  of  potassic  dichroraate.  It  is  decomposed  by  water  into 
sulphur,  stannic  sulphide,  and  hydriodic  acid,  similarly  by  aqueous  alkalis  ;  alcohol 
dccumposes  it,  with  separation  of  sulphur ;  hydrochloric  and  nitric  acids  separate  sul- 
j)hur  from  it.     (Schneider,  J.  pr.  Chem.  Ixxix.  419.)  , 

A  1x>iling  alcoholic  solution  of  iodine  does  not  attack  crystalline  mosaic  gold,  but 
slowly  dissolves  amorphous  stannic  sulphide ;  ami  the  solution  yields  crystals  identical 
with  those  of  the  compound  SnSP.SP,  deposited  from  solution  in  carbonic  disulphide. 
(Schneider.) 

Crystalline  stannic  sulphide  is  not  decomposed  by  hydrochloric  acid;  the  amorphous 
Hulphi«lo  boiled  with  concentrated  hydrochloric  acid  is  slowly  dissolved,  with  evolution 
of  sulphydric  and.  Hot  nitric  acid  oxidises  only  the  amorphous  sulphide:  boiling 
7u'fnjmuri/ttic  acid  likewise  oxidises  mosaic  gold,  forming  sulphuric  acid  and  stannic 
oxide.  Stannic  sulphide  fused  with  lUharyf  yields,  either  by  partial  mutual  decompo- 
sition, a  mixture  of  the  sulphides  and  oxides  of  tin  and  lead;  or,  if  the  litharge  is 
in  excess,  it  yields  metallic  lead,  sulphurous  anhydride,  and  a  yellow  glass. 

Sulphostannatcs. —Stannic  sulphide  reacts  as  a  sulphur-acid  or  sulphanhydride, 
forming  sulphur-salts  with  the  more  basic  metallic  sulphides.  The  sulphostannatea 
of  the  alkali-metals  are  produced  by  fusing  tin  with  the  polysulphides  of  the  alkjili- 
metals,  or  by  dissohnug  stannic  sulphide  in  the  aqueous  sulphides  or  hydrates  of  the 
Siimo  metals ;  in  the  latter  cose,  an  oxygen-salt  is  produced  simultaneously  with  the 
sulphur- salt. 

The  sulphostannates  of  the  alkali-metals  are  soluble  in  water ;  those  of  all  other 
metals  are  insoluble,  and  are  obtained  by  precipitation,  the  precipitates  being  some- 
times yellowish,  but  mostly  brown  or  blade.     (Kiihn,  Ann.  Ch.  Pharm.  Ixxxiv.  110.) 
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Hi/dric  Sulphostannate,  Stannic  Suiphydrate,  or  Sulphostannie  Acid,  H^Sn'^S"   «■ 

ir-S.SoS^  is  obtained,  by  treating  the  solution  of  an  alkaline  sulphostannate  with  a 
dilutt^-  acid,  as  a  yellow  precipitate,  which  becomes  dark-coloured  on  exposure  to  the 
air.     (Kiihn.) 

Sulphosta»7iate  of  Ammonium  is  obtained  by  dissolving  stannic  sulphide  in  mono- 
sulphide  of  ammonium,  or  stannous  sulphide,  stannous  oxide,  or  stannous  hjdi&ta  in 
polysulphide  of  ammonium. — The  potassium-salt  is  obtained  in  like  manner ;  on  mixing 
its  aqueous  solution  with  alcohol,  a  dark-brown,  heavy,  oily  liquid  separates,  having 
nearly  the  composition  K*SnS*.10H'O  ;  this  compound  gives  off  nil  its  water  at  100^. 
— The  sodium-scdt,  Na*SnS'.2H''0,  forms  yellow  glassy  crystals,  whose  dominant  faces 
belong  to  the  n^gular  octahedron.  A  solution  of  stannous  sulphide  and  sulphur  in 
monosulphido  of  sodium,  deposits  colourless  monoclinic  crystals,  resembling  gypsum, 
and  containing  Na'-'S.Na^SnS'.12H*0.  Horing  obtained  a  similarly  crystallised  salt 
containing  Na-SuS'.7H*0. — The  sulphostannates  of  barium,  calcium,  and  strontium, 
obtained  by  precipitation,  are  sparingly  soluble  in  water. 

TZir,  BirXiPBOCHZiORZBIi  and  BVIkPBO-ZOBZBB  or.    (See  pp.  809,  81 4.) 

TZI9'CA.&.  Crude  borax,  as  it  is  imported  from  Asia,  in  yeUow  reasy  crystals. 
(See  BoitATES,  i.  646.) 

TZXr-O&B.     Native  stannic  oxide  (p.  816). 

TZBP&ATBv  or  Tinned  Iron-plate. — An  alloy  of  2  pts.  iron  a  d  1  pt  tin,  ob- 
tained by  heating  the  two  metals  together  to  redness.  (Seelnox,  iii.  370;  also  Ures 
DUtionary  of  Arts,  &c.  iii.  897.) 

TZir-P'SltZTBS.     Stannine.     Bell-metal  ore.    Sulphuret  of  Tin.    £tain  ndfvre. 
Zinnkics. — A  cuproso-fcrrous  sulphostannate,  sometimes  also  containing  zinc,  occurring 
in  Cornwall,  and  at  Zinnwald  in  Bohemia,  in  cubical  forms,  but  rarely  in  distinct 
crystals,  mostly  massive,  and  imbedded  in  crystallo-granular  aggregations,  with  traces 
of  cleavage  of  the  cube  and  rhombic  dodecahedron,  and  with  uneven  to  small  con- 
choid.il  fnicture.     Hardness  =  4*0.     Specific  g^vity  =  4'3  to  4'6.     It  is  opaque,  with 
metallic  lustre,  yellowish-steel-grey  colour  inclining  to  brass-yellow,  and  black  strwik. 
Before  the  blowpipe,  on  charcoal,  it  melts  to  a  grey  brittle  bead,  containing  copper  and 
iron,  and  surrounded  by  a  white  deposit  of  stannic  oxide.     The  bead  gives,  with  tiodic 
carbonate  and  borax,  a  pale,  not  perfectly  malleable  button  of  copper ;  when  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  together  with  a  whit4;  fume.  Nitric  acid  decom- 
poses it  easily,  forming  a  blue  solution,  with  separation  of  sulphur  and  stannic  oxide. 

Analysts  : — a.  From  Whealrock,  Cornwall  (Klaproth,  Beitrdge,  v.  298). — b.  From 
the  wime  (Kudernatsch,  Pogg.  Ann.  xxxix.  146). — c.  From  St.  Michaors  Mount, 
Cornwall  (Johnston,  Rep.  Geol.  Cornwall,  &c.,  1839). — d.  From  the  same  (Mai  let. 
Sill.  Am.  J.  [2],  xvi.  33). — e.  From  Zinnwald  (Rammelsberg,  Pogg.  Ann.  Ixxxviii. 

607): 

a.  h. 

Sulphur     .         .         .       30-6  29  64 

Tin  .         .         .         .       26-5  25*65 

Copper      .         .         .       300  29*39 

Iron.         .         .         .       120  12*44 

Zinc 1-77 

Gangue     .        «         ...  1*02 

99^         99^       10000         99*64         99-98 

These  analyses  lead  to  the  formula  Cu«M"Sn'*S«  «  ^!^|Sn8«,  or  (2Cu«S.SnS*). 
(2M"S.SnS^),  where  M"  denotes  Fo  and  Zn. 

TZir-BA,BZCX>B8,  OBOAJTZC.  The  general  properties  and  relations  of  these* 
bodies  have  been  described  in  the  article  Obgano-metaluc  Bodibs  (iv.  219,  227  V  It 
is  there  explained  that  organo-tin  compounds  may  be  divided  into  three  groups, 
analogous  in  composition  to  the  oxides  of  tin,  and  represented  by  the  following  for- 
mulae, in  which  K  denotes  a  monatomic  alcohol-radicle : 

Sn-R'.  2Sn'"R».  Sn»'R*. 

I^Ion^over,  one  atom  of  alcohol -radicle  in  compounds  of  the  second  group,  and  one  or 
two  atoms  in  those  of  the  third  group,  may  l>e  replaced  by  negative  radicles,  such  as 
chlorine.  Hence  arise  the  following  series  of  organo-tin  compounds  (R+  denoting  an 
alcohol-radicle,  and  R  -  a  negative  radicle  like  chlorine) : 

First  Series.  Second  Series.  Third  S<*rlet. 

(R4.  (^+  |R  + 

Sn'jg;!;  2Sn"'<R+  2Sn-''jR  + 

X . T 

Stannous  compounds.  Staoar.so-stannic  compounds. 


e. 

d. 

e. 

29*93 

29*46 

2905 

31*62 

26-85 

25-65 

23*56 

2918 

29*38 

4*79 

6-73 

6-24 

1011 

7-26 

9-66 

•          • 

016 

i 
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Fourth  Mriet. 

fifth  mtIm. 

Sizth  serlei. 

rR+ 

fR-h 

fR  + 

3n«'- 

R  + 
R  + 

8n«'- 

R+ 
R  + 

8n«'. 

R^ 
R- 

iR-f 

>R- 

R- 

« 

t 

SUnnic  compounds. 

In  the  stannic  componnds  the  atomicity  of  the  tin  is  foll^  satisfied :  hence  these 
bodies  cannot  take  np  any  other  radicle  (snch  as  oxygen,  chlorine,  &c.)  by  direct  combi- 
nation, but  only  by  substitution  for  one  or  more  atoms  of  alcohol-radicles ;  in  other  words, 
they  do  not  themselves  act  as  radicles.  In  the  stannous  compounds,  on  the  contrary, 
there  are  two  units  of  atomicity  still  unsatisfied,  and  in  the  stannoso-etannic  compounds 
one  such  unit :  hence  these  bodies  are  capable  of  acting  as  radicles,  taking  up  chlorine, 
oxyg(>n,  &c.  directly,  and  being  thereby  conyerted  into  stannic  compoundsTrhe  stannoso- 
stannic  compounds  are  evidently  monatomic;  the  stannous  compounds  are  always 
diatomic  uniting  with  2  at.  chlorine,  iodine,  &c.,  or  1  at.  oxygen,  sulphnr,  &c.,  to 
form  stannic  compounds ;  there  is  no  known  instance  of  an  organo-stannous  compound 
taking  up  only  1  at.  of  a  monatomic  radicle,  to  form  a  stannoso-stannic  compound 
(iv.  227). 

Organo-tin  compounds  have  been  obtained,  containing  methyl,  ethyl,  and  amyl. 
The  ethyl-compounds  have  been  most  completely  studied,  and  will  be  most  conveniently 
described  first. 

a.  Ethtl-cokpounds:  Stannbthtls.* 
Three  compounds  are  known,  containing  only  tin  and  ethyl,  Tix. : 
Stannous  ethide,  or  Stannodiothyl,  Sn"(C*H*)'. 

Stannoso-stannic  ethide,  or  Stannotri ethyl,  8n'(C*H*)'. 
Stannic  ethide,  or  Stannotetrethyl,  Su"(C*H*)\ 

The  first  and  second  of  these  compounds,  as  already  observed,  act  as  organic  radicles, 
taking  up  oxygen,  chlorine,  &c.,  and  forming  compounds  which  maybe  regarded  either 
as  salts  of  these  same  radicles,  or  as  stannic  compounds  containing  ethyl  and  negative 
radicles : — 

Sn^CCH*)*]".!*]         »     Sn'^l^^j?*)' 
SUnDodlethjl-iodid*.  Stannic  di-iododiethide. 

[Sn"(C*H»)«]''.0         -     Sn»'|(^^*^' 
Stannodlethyl'Oxide.  Stannic  oxjdiethide. 

Siannodiethjl-solphate.       Stannic  •ulphatodiethldo. 

[Sn'"(C«H»)U  -     Sn'-U^Y*^' 

Staonotriethyl-iodide.  Stannic  iodotriethide. 

[Sn«(C»H»)T.S  -     Sn'l^^*)* 

Stannotrlethyl-kulphlde.      Stannic  lulpliotriethide. 

[ai»((?H»)«]-.(CO')-  -     Sn'  jg'^J^' 

SUnnodiethyl-carbonate.  Stannic  carbonatodiethlde. 

Lowig  has  also  described  a  number  of  stannethyls,  which  cannot  be  included  in  either 
of  tht?  preceding  groups ;  they  are  represented  by  the  following  formulae,  using  the  old 
atomic  weights,  C  ■=  6,  iS»  «  69 : — 

Acetostannethyl,  Sn^C^W'y, 
Ethstannethyl,  Sn\C*H^Y, 
Radicle  not  named,  Sn\C*H*y. 
Mfthylene-stannetliyl,  Sn\C*H*)*. 
Ethylene-stannethyl,  8n\C*H^y, 

■FranliUnd,  Phil.  Trant.  1852  ;  Ann.  Ch.  Phartn.  \xxxt.  829;  cxI.  44  ;  Jahreib.  1858.  p.  669 

Iftap,  p.  411 Li)  wig,  Ann.  Ch.  Ph»nn.  Ixxxi*.  308;  Jdhresb.  1R52,  p.  577.— Cah  ours  and  Rich*, 

Ann.  Ch.  I'harm.  Ixxxiv.  333;  Jahretb.  1852,  p.  576.— B  uckton,  Ann.  Ch.  Phafni.cix.2IH;  cxil. 
220;  Jahrctb.  18%,  p.  39i ;  IRoO.  p.  409 — C  ah  ours,  Ann.  Ch.  Pharm.  caIt.  227,  354;  c\xii. 
48  ;  Jahretb.  W^,  p.  415;  1S6I,  p.  549.-.K  u  I m i  x.  J.  pr.  Chem.  Ixxx.  00;  Jahrcub.  I860,  p.875.~ 
S  t  r  cc  k  e  r,  Ann.  Cli.  Pharm.  cv.  306 ;  cxxiii.  365 ;  Jnhretb.  18&8,  p.  387  ;  18r>2,  p.  398. 
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The  last  two  are  polymeric  with  stannodiethyl,  Sn{C*B*\  aeeoxding  to  Lowig.     AH 

thcBe  radicles  ure  Miid  to  unite  with  1  at.  chlurinc,  bromine,  iodinet,  &c 

Kekul6  (Ann.  Ch.  Phurm.  cxix.  190)  supposes  these  anomalous  stmiiDethjl-eoiD- 
pounds  to  bo  derived  from  the  more  simply-constituted  radicles  abore  mentioned,  by 
substitution  of  iodine,  chlorine,  &c.  for  ethyl :  thus,  Lowig's  iodide  of  acetovtannetbTl, 
Sn^(CIP)'I,  might  be  derived,  in  this  manner,  from  a  doubln  molecule  of  stannodi- 
ethyl,  Sn*vC^H*)*;  and  his  iodide  of  ethstannethyl,  Sn*(C^*)*I,  in  like  manner,  from  a 
double  molecule  of  stannotriethyl,  Sn^'C'H*/. 

St  rocker  Invs  poiuto<l  out  that  Lowig^s  methylene-  and  ethvlene-stannetiijl  are  most 
probably  identical  with  stannothyl,  and  that  the  compoonas  described  bj  Lowig  ag 
iodide  of  methylene-  and  ethvlene-stanncthyl  are  oxyiodides  of  stanneihyl,  con- 
taining Sn»(C*K*)*PO  and  Sn\C^H»)*PO'— compounds  which  Strecker  baa  actnally 
obtaine<l  by  other  processes  (p.  827).  In  bodies  whose  molecular  weights  are 
as  high  as  those  of  the  stinnethyl-com pounds,  the  quantities  of  oxygen  indicated 
by  these  formula  would  make  but  little  difference  in  the  percentage  of  the  other 
elements. 

It  must  further  be  observed,  that  the  existence  of  these  anomalous  stannethyJs 
is  by  no  means  well  established.  Lowig  never  succeeded  in  isolating  then 
completely,  or  in  preparing  their  compounds  in  a  pure  state  ;  and  Cahours  was  nerer 
able  to  obtain  them  at  all,  however  much  he  might  vary  the  proportions  of  Um 
materials. 

I*rrparation  of  Siannethj/U. — 1.  Finely-divided  tinfoil  is  introduced,  together  wit& 
three  times  its  weight  of  ethylic  iodide,  into  a  strong  glass  tube,  whicb  is  sealed  and 
exposeil  to  sunsliine.  A  slow  reaction  then  takes  place,  requiring  several  weeks*  expo- 
sure to  the  summer  sun  for  its  completion  ;  it  may,  however,  be  greatlj  accelerated 
by  concentrating  the  rays  with  a  parabolic  reflector,  and  at  the  same  time  keepine 


quantities 
nous  iodide  and  stannic  iodotriethido,  Sn'^(CTE*;'I  (Frankland): 

2C»H»I   +   Sn      =-     Sn(CTP)«I«. 
8C«H*I   +   Sn«     =-     Sn(C»n»)»I   +   SnI*. 

2.  A  mixture  of  1  pt.  finely-cut  tinfoil  and  2  J  to  3  pts.  ethylic  iodide,  is  enclosed  in  a 
sealt'd  tul)o,  and  heated  to  150°  in  an  oil-bath  for  21)  or  30  hours.  After  cooJii^,  the 
contents  of  the  tube  arc  found  to  consist  partly  of  colourless  crystals  of  stannic  di- 
iododiethido  (iodide  of  stannodiethyl),  partly  of  yellowish  crystals  of  stannic 
iodotriethide  (iodide  of  stannotriethyl).  On  dtvanting  the  liquid  from  the  crystals, 
and  distilling,  a  small  quantity  of  ethylic  io<lide  passes  over  first ;  then,  at  230"o  tho 
stannic  iodotriethido ;  and  at  246^  tho  stannic  di-iododietliide,  tho  residue  consisting  ot 
stannous  iodide.     (Cahours;  Riche.) 

3.  Stannide  of  sodium,  prepared  by  fusing  G  pts.  of  tin  with  1  pt  of  sodium,  is 
finely  pulverised,  and  mixed  with  quartz-sand  in  the  proportion  of  1  pt.  of  the  alloy 
to  1 — 1^  pts.  of  sand  ;  the  mixture  quickly  introduced  into  a  number  of  glass  flasks  of 
3  or  4  ounces'  capacity  ,•  and  a  quantity  of  ethylic  iodide  added,  suflScient  to  form  a 
thick  paste :  tho  flask  is  then  briskly  shaken,  and  a  distillation-tube  adapted  to  it 
The-  action  commences  in  a  few  minutes,  and  is  completed  the  more  quickly  in  propor- 
tion as  the  alloy  is  richer  in  sodium.  The  heat  which  it  developes  is  sufficient  to  cause 
tht'  excess  of  ethylic  iodide  to  distil  over,  after  which  the  flask,  while  yet  warm,  is 
cldsttl  airtight ;  after  the  mixture  has  cooled,  the  treatment  with  iodide  of  ethyl  is 
renewed,  and  the  same  operation  repeated  till  a  sample  of  the  contents  of  the  flask 
no  longer  gives  off"  hydrogen  when  thrown  into  vater.  The  dry,  dusty,  yellowish, 
stinking  mass,  obtained  in  this  manner  fr«)m  seveml  flasks,  is  then  transferred  to  a 
bottle  filled  with  ether  (from  4 J  to  6  pounds  to  the  contents  of  16  flasks),  left  to 
stand  for  an  hour  or  two,  and  frequently  shaken ;  after  which  the  dark-brown  ethereal 
solution  is  poured  into  a  bottle  filled  with  carbonic  anhydride,  and  left  to  stand  for 
lialf  an  hour  or  an  hour,  whereupon,  especially  if  there  were  any  air  in  the  bottle,  a 
br!>wn  substance,  which  dries  up  in  the  air  to  a  white,  inodorous  mass,  separates  out 
The  ethereal  solution  is  then  transferred  to  a  retort,  mixed  with  about  ^  of  its  bulk  of 
alcohol,  and  the  ether  is  completely  distilled  off.  There  then  remains  a  dark  turpen- 
tine-liko  mass  [consisting,  according  to  Lowig,  of  the  radicle  SnVC-H*)*],  and  an 
alcoholic  solution,  which,  when  deo^mtod  and  left  at  rest,  deposits  a  large  quantity  of 
yellow  oil,  frequently  separating,  after  some  time,  into  two  layers,  the  lower  of  which 
consists  naainly  of  stannous  ethide,  Sn''(C-II»)^  or  stannodiethyl.  The  alco- 
holic liquid  decanted  from  tho  yellow  oil  deposits,  on  addition  of  water,  a  nearly 
colourless  oil,  the  first  precipitated  portion  of  which  consists  mainly  of  stannous 
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ethido,  and  the  last  of  stannoBostaanie  ethide  or  atannotriethjl;  while  the 
intermediate  portions  contain  other  radicles  (p.  82i3),  which,  after  converBion  into 
iodides,  mny  bo  fteparated  by  fractional  crystallisation  (Lowig).  For  Lowig's  method 
of  t<opar:iting  theso  supposed  radicles,  see  GHnelin^a  Handbook,  ix,  93. 

StannouB  Btlilda,  or  8tannodietliyl«  Sn''(C*n*)'. — The  method  last  described 
yields  this  radicle  comparatively  pure.  The  best  method  of  obtaining  it  however 
IS  to  immerse  a  strip  of  zinc-phite  in  a  warm  solution  of  stannodiethyl-chlorido ;  it 
then  collects  at  the  bottom  of  the  vessel,  as  a  thick  yellowish  oil.    (Frankland.) 

Stannous  ethide  would  probably  bo  colourless  when  quite  pure.  It  has  a  specific 
gravity  of  1-658  at  16°,  does  not  solidify  at  —12°,  and  cannot  bo  distilled  without 
decomposition.  It  has  an  extremely  pungent  odoar,  stron^r  than  that  of  any  of  its 
compounds.  It  is  insoluble  in  water,  but  soluble  in  alcolud,  and  still  more  soluble  in 
ether, — It  absorbs  oxygen  from  the  air,  but  does  not  fume  or  take  fire ;  it  reduces  nitrate 
of  /»t/tvr  immediately,  with  separation  of  black  metallic  silver;  and  unites  directly 
with  cJUur^ne^  bromine^  and  iodine. — With  hydrochloric,  hydriodic,  hydrobromic,  and 
hydrofluoric  acids,  it  forms  haloid  salts,  with  evolution  of  hydrogen.  When  heated 
to  150^,  it  boils,  and  is  resolved  into  stannic  ethide,  Sn(C'H^)*,  which  distils  over,  and 
metallic  tin. 

Compounds  of  Stannethyl. — These  compounds,  which,  as  already  observed,  may  bo 
regarded  as  belonging  to  the  stannic  type,  are  produced  either  by  direct  combination, 
or  by  double  decomposition  from  the  iodide. 

BitoMiDE,  Sn(C'H*)«Br^— Produced  by  treating  an  alcoholic  solution  of  stannodi- 
ethyl  with  bromine,  or  by  dissolving  the  oxide  in  hydrobromic  acid ;  also,  together 
with  other  compounds,  by  heating  ethylic  bromide  with  tin  to  160°.  It  forms  long 
white  needles,  having  a  faint  camphorous  odour,  melts  when  gently  heated,  and  distils 
without  decomposition  at  232®.  Its  vapour-density  (taken  at  295°)  is  11-64 ;  by  calcu- 
lation (2  vols.)  —  11*74.  It  is  soluble  in  water  and  alcohol,  and  especially  in  ether. 
(Lowig;  Cahours.) 

Chlobidr,  Sn(C»H*)*Cl*. — Obtained,  in  long  colourless  needles,  by  dissolving  the 
oxido  in  dilute  hydrochloric  acid,  and  evaporating  at  a  gentle  heat.  It  melts  at  60°, 
sublimes  when  slightly  warmed,  and  boils  without  decomposition  at  220°.  Vapour- 
density  «  871  and  862  at  268°— 282°  (Cahours);  calc.  »  862.  It  has  a 
stronger  odour  than  the  bromide,  is  moderately  soluble  in  boiling  water,  more  easily  in 
alcohol  and  in  ether.     (Lowig;  Frankland;  Cahours.) 

When  ammonia  is  added  by  drops  to  a  boiling  alcoholic  solution  of  the  chloride,  till 
a  permanent  precipitate  begins  to  form,  this  precipitate  rcdissolved  by  addition  of  a 
little  more  of  the  stannodiethyl-chloride,  and  the  liquid  left  to  cool,  white  shining 
laminaj  are  deposited,  consisting  of  stannodiethyl-oxychloride,  Sn\C*H*)*OCl'. 
(Strecker.) 

Flcoridb,  Sn(C*H*)'F*. — Obtained,  in  fine  crystals,  by  evaporating  the  solution 
of  stannethyl-oxide  in  hydrofluoric  acid. 

I  t)DiDE,  Sn(C*H*)''I*. — This  compound  is  the  direct  product  of  the  action  of  ethylic 
iodide  upon  tin,  or  upon  sodium-stannide  containing  a  small  proportion  of  sodium, 
and  is  likevrise  easily  produced  by  the  action  of  iodine  on  stannodiethyl  in  ethereal 
solution.  It  forms  colourless,  inodorous,  needle-shaped  crystals,  often  several  inches 
long,  melts  at  42°,  sublimes  at  160°  in  shining  needles  or  laminae,  and  boils,  without 
decomposition,  at  245°.  It  dissolves  sparingly  in  cold,  more  easily  in  warm  water, 
also  in  cold  alcohol  and  ether.    (Lowig  ;  Frankland;  Cahours.) 

The  vn\.Tm  aqueous  solution  of  the  iodide,  mixed  with  a  small  quantity  of  ammonia, 
yields,  on  cooling,  an  oxyiodide,  Sn*(C*H*)"PO*,  in  hard  prismatic  crystals, 
slightly  soluble  in  water,  more  soluble  in  alcohol  or  ether.  The  same  crystals  are 
olttiiine^l  by  boiling  oxide  of  stannethyl  with  an  alcoholic  solution  of  the  iodide. 
(St  rocker.) 

lodocyanide,  Sn(C'II*)'CyI. — Produced  by  heating  equivalent  quantities  ofstann- 
othyl-iodide  and  silver-cyanide  with  a  small  quantity  of  anhydrous  alcohol,  in  sealed 
tubi's  immersed  in  a  salt-bath.  By  evaporating  the  filtered  solution,  it  is  obtained  as 
a  crystalline  powder. 

O  X I D  R,  Sn(C*li'*)*0. — Obtained,  as  a  white  powder,  by  evaporating  an  ethereal  solr- 
tion  of  stannodiethyl  in  contact  with  the  air,  or  by  precipitating  a  solution  of  a 
stannethvl-salt  with  ammonia.  It  is  tastidess,  inodorous,  not  volatile,  takes  fire  when 
houtcd  in  contact  with  the  air,  burning  with  a  bright  flame,  and  giving  off  fumes  of 
stannic  oxide.  It  is  insoluble  in  water  and  in  ammonia,  nearly  insoluble  in  alcohol 
and  etlier,  but  dissolves  easily  in  dilute  acids  and  in  the  fixed  alkalis.  On  distilling  it 
with  excess  of  aqueous  potash,  stannotriethylic  hydrate  passes  over  with  the 
aqueous  vapour,  and  stannate  of  potassium  remains  behind  : 

3Sn(C«H»)=0   +   2KH0     -     K*SnO»   +   2Sn(C»H*)«(nO). 
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tri'tii\].  Tiii-i  '■••:ii|i'»uiid.  Jirv'ir'lin^  to  Kuirniz.  is  a  iii  arly  rolourlojis,  hravv,  slijLrhtly 
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Confounds  of  Stannotrieihyl. 

These  compounds  may  be  regarded  as  formed  by  the  union  of  1  at.  iodine,  chlorine, 
&c.  with  1  at.  of  the  monatomic  radicle  Sn'*(Cr'H*)',  or  as  stannic  molecules,  in  which 
three  of  the  four  units  of  atomicity  of  the  tin  are  neutralised  by  ethyl,  and  the  fourth  by 
a  negative  radicle  (p.  825),  the  molecule  being  doubled  for  compounds  containing  diatomic 
negatiro  radicles,  such  as  S,  0,  S0\  &c. ;  e.ff. : 

Sn'"(C»H»)«.Cl     -     Sn"  |  ^^*^' 

Stannotrlflthyl.  Stannic  chloro- 

cblorlde.  triethide. 

[Sn'^(C«H»)»]«.SO«     -      ^'^'lls^T* 

Sunnotrlethjl-tulphate.  Stannic  culphato- 

triethide. 

Their  modes  of  formation  are  analogous  to  those  of  the  stannethyl-compounds. 

B  ROM  IDS,  Sn(C*H*)»Br. — This  salt  is  most  easily  obtained  by  treating  the  oxide 
with  hydrobromic  acid.  It  is  a  colourless,  mobile,  strongly  refracting  liquid,  of 
specific  gravity  1-630,  and  boiling  at  223®.  It  has  a  very  pungent  odour,  like  that  of 
mustard-oil,  dissolves  readily  in  ether  and  inalcohol,  even  when  dilute,  but  very  sparingly 
in  water  (Lowig;  Cahours;  Kulmiz).  Vapour-density  «  9*924  (Cahours); 
calc.   -   9*60. 

Chloride,  Sn(C-H*)*Cl. — Obtained  by  dissolving  the  oxide  in  hydrochloric  acid, 
or  (n-oro  readily)  by  adding  that  acid  to  an  aqueous  solution  of  the  sulphite.  It  is  a 
transparent,  colourless,  strongly  refracting  liquid,  having  a  very  powerful  and  suffoca- 
ting cKlour.  Specificgra\'ity  =  l*428  at  8-' (Cahours),  1*320  (Kulmiz).  Boils  at  209<*. 
Vni>our-deu8ity  (obs.)  =  8*430  at  2Sf}^  ;  calc  «  8*33.  At  0°  it  solidifies  in  colour- 
less prisms.  According  to  Kulmiz,  it  forms,  with  phtinie  ch/(*ridet  two  crystalline 
comi>ound8,  containing  Sn«(C-H^)«Cl«.PtCl*  and  Sn(C^H*)='Cl.PtCl*,  respectively.  It 
also  forms  crj'stalline  com|x>und8  with  miric  and  mercuric  chloride. 

Cyanide,  Sn(C'H*)*Cy. — When  stannotriethyl-iodide  and  silver-cyanide  are  gently 
heated  together  in  a  retort,  this  compound  sublimes  in  snow-whit«*  cr3*stals,  which  may 
Ik;  freed  from  a  grey  substance,  often  adhering  to  them,  by  solution  in  alcohol  and 
spontaneous  evaporation.  It  forms  silky  flexible  prisms,  which  melt  when  gently 
heated,  and  sublime  without  decomposition.  When  quickly  heated  it  suffers  partial 
decomposition.  It  is  nearly  inodorous  in  the  cold,  but  when  heated,  it  omits  an 
odour  like  that  of  prussic  acid  and  the  stannotriothyl-compounds  together. 

Hydrate,  ®°'^^*)'|0    -    Sn»*(C«n»)»(nO).— This   compound  is   separated 

from  solutions  of  stannotricthyl-salts  by  caustic  potash,  but  generally  remains  dis- 
solved. It  may,  however,  be  withdrawn  from  the  solution  by  agitation  with  ether, 
and  obtained  in  the  crystalline  form  by  leaving  the  ether  to  evaporate.  When  a  solu- 
tion of  stannotriethyl-iodide  is  distilled  with  excess  of  potasn,  the  hydrate  passes 
over  with  the  aqueous  vapour,  and  solidifies  in  the  crystalline  form  on  cooling  ;  and 
even  when  the  alkaline  solution  is  gently  heated  in  a  beaker-glass,  the  hydratto  gra- 
dually sublimes,  filling  the  entire  space  with  slender  crystals,  which  form  a  mass  like 
cotton-wool.  To  obtain  the  hydrate  from  a  mixture  of  the  iodides  of  stannethyl  and 
stannotri ethyl — such  as  is  ordinarily  produced  by  the  action  of  tin  on  ethylic  iodide — 
the  mixture  is  dissolved  in  alcohol ;  silver-oxide  is  added  as  long  as  silver-iodide  is 
thereby  produced ;  the  solution  containing  the  hydrate  of  siannotriethyl  is  filtered 
from  the  precipitate  consisting  of  a  mixture  of  stannethyl-oxide  and  silver-iodide  ;  and 
the  filtrat«»  evaporated  over  oil  of  vitriol. 

Stannotriethyl-hydrato  fcmis  colourless  prismatic  crystals,  moderately  soluble  in 
alcohol,  either  anhydnms  or  hydrated,  easily  in  ether.  The  solutions  have  a  strongly 
alkaline  reacti<m  and  caustic  t:iste,  precipitate  most  of  the  heavy  metals  from  their 
solutions  as  oxides  or  hydrates,  and  absorb  carbonic  acid  from  the  air.  The  hydrate 
neutralises  acids  completely,  forming  with  most  of  them  crystalline  salts. 

loDiDK,  Sn(C*li*)'I.— This  compound  is  produced  in  small  quantity  when  tin  is 
heated  to  150°  with  ethylic  iodide,  more  abundantly  when  an  alloy  of  tin  and  so<lium 
is  used  ;  also,  together  with  ethylic  iodide,  by  the  action  of  iodine  on  stannic  ethido  : 

Sn(C2H»)*   +   I«     -     C'H*I   +   g^CH^^'I. 

The  best  mode  of  preparing  it  is  to  treat  an  alloy  of  7  pts.  tin  and  1  pt.  sodium 
with  ethylic  iodide,  whereupon  a  brisk  action  takes  place,  accompanied  by  great  rise 
of  temperature.  As  soon  as  this  action  is  over,  the  residue,  mixed  with  ethylic  iodide 
to  a  thin  paste,  is  enclosed  in  pealed  tubes,  and  heated,  for  eighteen  or  twenty  hours,  to 
126^.  or  at  most  130°.     The  tubes,  when  cold,  are  opened,  the  contents  treated  with 
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etber,  and  the  filtered  solution  evaporated,  after  addition  of  a  little  aloohcJ.  On 
leaving  the  ether  to  evaporate,  a  yellowish  oil  separates,  the  quantity  of  which 
increases  on  addition  of  water ;  and  on  distilling  this  oil  by  itself,  pare  flta&notriethyl- 
iodide  passes  over,  between  230°  and  235°.     (Cahonrs.) 

Stannotriethyl-iodido  is  a  colourless,  heavy,  strongly  refractinic  liqnid,  of  specific 
mvity  1833  at  22°,  and  boiling  without  decomposition  between  236^  and  238°  (Ca- 
non rs).  It  solidifies  in  a  mixture  of  carbonic  anhydride  and  ether.  ^  It  has  a  pungent 
odour,  attacking  tlio  nose  and  eyes  like  oil  of  mustard.  It  mixes  in  all  proportions 
with  absolute  alcohol  and  with  other,  dissolves  sparingly  in  water,  easily  in  hydratiil 
alcohol.  It  dissolves  iodine,  with  brown  colour  in  the  cold ;  but  on  heating  the  solution 
the  free  iodine  disappears,  and  iodide  of  stannethyl  is  formed,  together  with  iodide 
of  ethyl. 

Stannotriethyl-iodide  absorbs  ammonia-gas,  forming  the  compound  Sn(CH*)*L 
2NH',  which  may  be  obtaint^l  in  thin  prisms,  by  adding  a  solntion  of  the  iodide  to 
an hyilrous  alcohol  saturattnl  with  ammonia-gas,  warming  the  liquid  for  a  few  hours  m 
the  wat«'r-bath,  and  then  leaving  it  to  cool  It  likewise  forms  crystalline  compoaod^ 
of  analogous  composition,  with  cihylaminef  amylamint,  and  aniline. 

OxiDK,  Sn'(CTl*)*0.— Obtjiined,  by  prolonged  heating  of  the  hydrate  to  a  tempe- 
rature near  its  l>oi ling-point,  as  a  transparent  oil,  which,  when  mixed  with  a  snull 
quantity  of  water,  is  reconverted  into  the  crystalline  hydrate,     (Cahonrs.) 

OxTOKK-SALTs. — Thcso  salts  are  obtained  by  dissolving  the  hydrate,  oxide,  or 
C4irb<)nato  of  stannotriethyl  in  the  aqueous  acids,  or  by  decomposing  the  iodide  with 
silver-salts.     They  are  mostly  crystalline,  and  dissolve  readily  in  water,  alcohol,  and 

ether. 

Acetate,  Sn(C2H»)*(C»H»0«).— Prepared  by  dissolving  the  oxide  in  acetic  add. 
Slightly  soluble  in  water,  eatily  in  alconol,  whence  it  separates,  by  spontaneous  erajo- 
ration,  in  tufts  of  white  silky  needles.  It  melts  at  a  gentle  heat,  sublimes  at  a  some- 
what higher  temperature  in  snowy  flocks,  and  boils  without  decomposition  at  230°. 
(Kulmiz;  Cahonrs.) 

Ar senate,  Sn(CH*)*(A80*). — ^White  crystalline  mass,  soluble  in  alcohol,  and 
crystallising  therefrom  in  tufts  of  shining  needles.     (Kulmiz.) 

Jiemoate,  Sn(C»II*)»(C'H»0«).— Obtained  by  double  decomposition  from  ihf> 
iodide.  Ix>ng,  transparent,  highly  lustrous  prisms,  which  melt  at  80°  and  sublime 
without  decomposition  at  a  higher  temperature.  Sparingly  soluble  in  water,  easily  in 
alcohol,  even  when  dilute.     (Kulmiz.) 

But y rate,  Sn(C«II»)»(C<H'0*).— Thin  shining  needles,  sublimable  without  de- 
comi)08ition,  slightly  soluble  in  cold  water,  moderately  soluble  in  alcohol,  especially 
when  warm. 

Carbonate,  Sn«(C«H»)«(CO*).— The  hydrate  absorbs  carbonic  acid  from  the  air 
during  the  evaporation  of  its  alcoholic  solution.  The  alcoholic  solution  of  the  sulphate, 
mixed  with  carbonate  of  ammonium  or  carbonate  of  sodium,  deposits  stannotriethyl- 
carbonato  as  a  dazzling- whit^*  cr}'8tallino  powder.     (K  u  1  m  i  z.) 

Cyan  ate,  Sn(C*H»)*(CNO). — Prepared  by  gradually  adding  diy  cyanate  of  silver 
to  an  alcoholic  solution  of  stannotriethyl-chloride,  as  long  as  the  liquid  is  therebv 
coloured  yellow.  The  filtrate  left  to  evaporate  yields  the  salt  in  tufts  of  thin  prisms, 
having  a  silky  lustre.  It  is  moderately  soluble  in  alcohol  and  in  ether,  is  converted 
into  carbonate  by  exposure  to  moist  air,  gives  off  carbonic  anhydride  when  treated  with 
strong  acids,  and  ammonia  when  boiled  with  potnsh. 

When  ammonia-gas  is  passed  into  the  alcoholic  solution  of  this  salt,  and  the  liqnid 
left  to  evaporate*,  there  remains  a  substance  which  dissolves  partially  in  alcohol ;  and 
this  solution  yields,  by  evaporation,  long  colourless  prisms,  regarded  by  Kulmia  and 

(CO)-. 
Cahours  as  stannotriethyl-carbamide,  1I»     yN»;   but  they  are,   perhaps, 

only  a  mixtnro  of  carbamide  (urea)  with  a  salt  of  stannotriethyl.    They  have  not  been 
analysed. 

i''orwrt/£!,Sn(C2H*)»(CH02).— Thin  prisms,  having  a  silky  lustre  when  dry,  melt- 
ing between  50°  and  00°,  and  then  subliming  completely ;  very  soluble  in  strong 
alcohol.     (Cahours;  Kulmiz.) 

nitrate,  Sn(CTP)'(N0').— Prepared  by  mixing  an  alcoholic  solution  of  the 
hydrate  with  nitric  acid,  thf?n  adtling  ether  and  enough  water  to  cause  the  liquid  to 
separate  into  two  layers,  the  upper  of  which  contains  the  nitrate,  and  leaves  it  as  a 
syrupy  mass  when  evaporated.  When  cold  it  forms  a  transparent  rarrlsb,  which 
dissolves  easily  in  alcohol  and  ether,  and  burns  away,  when  heated,  with  a  faint  light, 
but  without  detonation.    (L o  w  i  g. ) 
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land);  ealc  =»  8*108.  It  has  a  faint  ethereal  odoar,  and  a  somewhat  metallie  Imt 
not  unpleasant  taste.  It  is  inflammable,  and  boms  with  a  daik-biae-edged  flame, 
emitting  white  fames  of  stannic  oxide.     In  oxjgen-gas  it  boms  with  a  dazzling  lighL 

Stannic  f^ide  dissolTes  iodine  with  brown  colour,  which  gradually  disappears.  If 
the  addition  of  iodine  be  continued  as  lung  as  the  brown  colour  disappears  without  aid 
of  heat,  and  the  liquid  be  then  distilled.  eiLvlic  iolide  and  afterwards  stannotriethvl- 
iodide  pass  over  (Buckton;  Frankland).  When  the  action  of  the  iodine'is 
assisted  br  a  gentle  heat,  the  decomposition  goes  further  in  the  same  direction,  and  a 
mixture  of  the  iodides  of  ethjl  and  stannodieihyl  is  obtained  (Cahonrs).  Lastly, 
when  stannic  ethide  is  somewhat  stronglj  heated  with  excess  of  iodine  in  a  sealed  tube, 
iodide  of  ethyl  is  produced,  tog^her  with  red  iodide  of  tin.     (C  a  hours.) 

Stannic  ethide  reacts  in  a  similar  manner  with  bromine. 

Stannic  ethide  is  not  decomposed  by  tcater,  neither  is  it  acted  on  by  strong  kydrocAlorie 
acid  in  the  cold;  but  on  heating  the  mixture  OTer  mercury  to  80*'  or  90^,  bubble*  of 
hydric  ethide  are  very  slowly  eyolred,  and  stannotriethyl-chloride  is  produced 
(Frankland): 

Sn,C«H»)«   +   Ha     -     C«H».H   +   Sn(C«H»)»CL 
According  to  C a  hours,  the  reaction  takes  place  more  quickly  at  100^;  and  if  it  be 
longer  continued,  with  a  larger  excess  of  hydrochloric  add,  crystaUiaed  stannethTl- 
chloride  is  produced. 

Stannic  ethide  mixes  with  stannic  chloride,  producing  considerable  zioe  of  tempera- 
ture, and  forming  chloride  of  stannotriethyl : 

3Sn(C=H*)«  +   SnCl«     -     4Sn(C^»)Hn. 

It  also  mixes  with  chloride  of  stannetkyl,  but  without  acting  chemically  i^kmi  it,  at 
least  at  moderate  temperatures.     (Buck ton*) 

0,  MBTHTL-COMPOUirDS:    STANXMBTHrX.8.* 

These  compouufls  are  analogous  in  constitution  to  the  stannethyls,  which  they  also 
resemble,  generally,  in  their  properties  and  modes  of  formation.  Their  names  and 
formulae  are  as  follows : 

Stannous  mcthide,  or  Stannodimethyl,  Sn'(OH')*. 
Stannoso-stannous  methide,  or  Stannotrimethyl,  2[(Sn'*(CH")']. 
Stannic  methide,  or  Stannotetramethyl,  Sn'*(CH')*. 
The  first  is  a  diatomic,  tho  second  a  monatomic  radicle ;  the  thifd,  in  which  tlia 
atomicity  of  the  tin  is  fully  satisfied,  dwB  not  act  as  a  radicle. 

There  are  also  tin-compounds  of  analogous  constitution,  containing  hoih  ethyl  and 
methyl. 

Btannans  Methldev  or  Stannodimetliyl,  Sn''((7II')' — ^Thie  compound  is 
formed  by  heating  methylic  iodide  with  an  alloy  of  1  pt.  sodium  and  5  pts.  tin,  in  sealed 
tu1)es  to  130^.  By  exhausting  the  contents  of  the  tubes  with  ether,  and  evaporating 
the  8olutiun  in  an  atmosphere  of  carbonic  anhydride,  it  is  obtained,  not  quite  pure,  as 
a  heavy  oily  liquid  having  a  mouldy  smell.  It  is  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether,  and  is  resolved  by  heat  into  stannic  methide  and  metallie  tin. 
The  alcoholic  solution  forms,  with  nitrate  of  silver,  a  black  precipitate  of  metallie 
silver. 

The  compounds  of  stannodimethyl  may  be  regarded  (like  those  of  stannodiethyl)  as 
stannic  compounds,  in  which  two  out  of  the  four  units  of  atomicity  of  the  tin  are  satis- 
fi('<l  by  methyl,  and  the  other  two  by  a  negative  radicle.  They  are  formed  either  by 
direct  combination,  or  from  the  iodide  by  double  decomposition. 

Bromide,  Sn(CH*)'Br*. — Obtained  by  treating  the  oxide  with  excess  of  hydro- 
bromic  acid,  and  separates  from  the  concentrated  liquid  in  crystals,  which  may  be 
purificii  by  rocrystal ligation  from  alcohol.  They  are  colourless  prisms,  isomorphooi 
with  the  corresponding  chloride.  The  salt  boils  without  decomposition  at  208^ — 
210^.     It  is  moderately  soluble  in  water,  more  easily  in  alcohol.     (Cahours.) 

Chloride,  Sa(CII')^Cl'. — Separates,  on  evaporating  a  solution  of  the  oxide  in 
exc(>HS  of  hydrochloric  ucid,  in  fine  priHms.  It  molts  at  90°,  and  boils  at  188^ — 190*'. 
Va|K)ur-denHity,  obs.  (at  265  )  »  7*731  ;  calc.  »  7'63.  It  dissolves  in  water,  mart 
easily  in  al('(»h(>l  and  in  other.     (Cahours  ) 

Iodide,  Sn(ClP)*I*. — Produced,  like  the  corresponding  ethyl-compound,  by  the 
action  of  tin  on  methylic  iodide  in  sunshine  (Frankland),  or  with  aid  of  heat 
(Cahours  and  Kicho).  To  prepare  it,  2^  to  3  pts.  methylic  iodide  are  heated  with 
1  pt.  of  tinfoil  to  160° — 160^  in  staled  tubes,  for  twelve  to* fifteen  hours.  The  tubes, 
after  cooling,  contain  a  mixture  of  a  brown  liquid  and  sulphur-yellow  cr}'stals,  and'OD 

*  Frankland.  Ann.  Ch.  Pharm,  Uxxt.  Wt\  JnhreAb.  18.^S,  p.  C>7f.— Cahourt  and  Rlehi^ 
Ann.  Ch.  Pharm.  IxxxfUi.  316}  JahrMb.  1853,  p.  &77.-Cah  ours,  Ann.  Ch.  Pbann.  calr.  Mli 
Jahretb.  1859,  p.  436. 
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time  to  a  temporaturo  near  its  boiling-point,  it  is  resolved  into  water  and  tahjdifma 
stanDotrimethyl-oxidc.  It  is  sparingly  soluble  in  water,  more  soliiblB  in  alcohol ;  the 
solutions  are  alkaline,  and  neutralise  the  strongest  acids. 

Oxygen-aalta. — These  salts  are  nearly  all  soluble^  crystallise  easfily,  are  isomor- 
phous  with  the  correFponding  stannotrietnjl-salts,  and  rolatilise  withont  deoompoo- 
tion,  emitting  a  pungent  odour. 

Formate,  Sn(CH')*(CHO').— Somewhat  concentrated  formic  acid,  added  to  a  sato- 
rati'd  solution  of  the  oxide,  produces  a  precipitate  which  redissolves  on  heating  the 
liijuid,  more  easily  on  addition  of  alcohol.  The  solution,  if  left  to  evaporate,  yields 
fino  prismatic  crystals,  which  melt  at  a  gentle  heat,  and  sublime  withoat  decorapcn- 
tion  at  a  higher  temperature.  They  dissolve  easily  in  alcohol  and  ether. — ^The  aeei^ 
Sn(C]I')"(C*H"0-),  is  prepared  like  the  formate,  which  it  resembles  in  external 
characters.     It  Tolatilisos  without   decomposition,  dissolves   easily  in    alcohol,  lea 

easily  in  water.  —The  sulphate,  Sn\CH*)\SO*y,  crystallises  in  small,  colonrlesB,  dunirg 
prisms,  easily  soluble  in  water  and  in  alcohol.     (Cahours.) 

Stannic  Ketlildef  or  8tannotetrametliyl»  Sn(CH*)^.  Stannodimeth^.  Stan- 
nohhm  thyl. — This  compound  is  produced  by  tho  action  of  zino-methyl  on  stannic  di- 
iodudimethide,  or  stannic  iodotrimethide,  thus : 

Sn(CH»)»I«   +   Zn(CH«)«     =     Znl«   +     Sn(CH»)«. 
2Sn(CH»)»I    +   Zn(CH«)«     -     ZnP  +   2Sn(CH»)«. 

Also,  together  with  metallic  tin,  by  the  distillation  of  stannous  methide:  2Sn(Ull")' 
-   .Sn(CH»)*   +    Sn. 

It  is  a  liquid  haying  an  ethereal  odour,  and  boiling  at  140^ — 146®.  Iodine  conrettB 
it  into  methylic  iodide  and  stannic  iodotrimethide. 

IW  the  action  of  zinc-ethyl  on  stannic  iodomethides,  and  of  nnc-metliyl  on  stannic 
iodo-ethides,  Rtannic  compounds  are  produced,  containing  both  ethyl  and  methyl,  m. : 

2Sn(CH»)«I     +   Zn(C«H»)*     -     ZnP  +  2Sn(C«H»XCH»)«. 

Sn(CH*)«P   +   Zn(CH»)«      -     ZnP  +     Sn(C«H»)«(CH«)« 

2Sn(C«H*)»I    +   Zn(CH»)«      «     Znl«   +   2Sn(C^»)«(CH»). 

Stannic  BtHotrlmetlilde,  Sn(C^*X^S')*>  i"  prep^i^  by  gradually  adding 
stannic  iodotrimethide  to  zinc-ethyl  in  a  vefisol  cooled  by  immersion  m  cold  water,  the 
zinc-cthyl  being  kept  in  excess.  On  distilling  the  product,  and  mixing  the  distiUato 
with  water  containing  a  little  acetic  acid,  stannic  ethotrimethide  sepamtes  as  a  heavy 
oil,  which  is  to  be  washed,  dried  with  chloride  of  calcium,  and  lecti&ed.  It  is  a 
colourless  liquid,  of  specific  gravity  1-243,  and  boiling  between  123®  and  128^ 
Vjij)our-density,  obs.  (at  200^)  =  6-715  ;  calc.  =  6*65.  It  has  an  ethereal,  somewhat 
pungent  odour.  With  iodine  it  forms  ethylic  iodido  and  stannic  iodotrimethide 
(Cahours): 

Sn(C^H»)(CH«)«  +   I«     =     C«n*I  +  Sn(CH»)«L 

Stannic  Bletbodlmetlilde,  Sn(C'II^)'(CII')^  is  obtained  by  gradually  adding 
stannic  di-iododiothido  to  an  ethereal  solution  of  zinc-methyl,  keeping  the  latter  in 
excess,  and  proceeding  as  in  the  preparation  of  the  last-described  compound. 

It  is  a  clear  colourless  liquid,  having  a  faint  ethereal  odour,  and  metallic  taste. 
Specific  gravity  =  1-232  at  19°.  It  remains  fiuid  at  -13°,  and  boils  between  144° 
and  146°.  Vapour-density,  obs.  (at  199°)  =  6-838;  calc.  «  7*138.  It  is  easily  set  on 
fire,  and  is  decomposed  by  chlorine,  bromine,  and  iodine,  which  take  from  it  1  at.  methyl 

I«xiine  dissolves  in  the  liquid  with  carmine-red  colour,  which  disappears  slowly  in 
the  cold,  more  quickly  on  application  of  heat.  On  adding  an  excess  of  iodine,  removing 
this  excess  after  a  while  by  means  of  metallic  mercury,  and  distilling,  methylic  iodide 
passes  over  first ;  tho  boiling-point  then  quickly  rises  to  207°,  at  which  temperature 
very  little  passes  over  ;  and  there  remains  a  straw-coloured,  somewhat  oily,  intolerably 
pungent  liquid,  having  a  specific  gravity  of  2*033  at  15°,  and  tho  composition  of 
stannosostannic  iododiethide,  Sn"(C*H*)*I.  It  remains  liquid  at  — 13°,  and  begins  to 
boil  at  208°  ;  but  the  temperature  quickly  rises,  and  at  230°,  an  abundant  separation 
of  iodido  of  tin  takes  places.  The  liquid  is,  porhaps,  a  mixture  of  stannic  di-iododi- 
cthide,  Sn(C^H*)=P,  and  stannous  ethide,  SnCC'-^H*)'.     (Frankland.) 

Stannic  diethodimcthide,  treated  with  aqueous  hydrochloric  acid,  gives  oflfa  mixture 
of  ethylic  and  methylic  hydrides  (more  than  four  times  as  much  of  the  former  as  of  the 
latter),  and  is  converted  into  a  crystalline  salt,  probably  a  mixture  of  stannic  dichloro- 
diethide  and  stannic  dichlorodimethido.     (Frankland.) 

Stannic  THethometblde,  Sn(C-H*)«(CH»),  is  produced  by  the  action  of  stannic 
iodotriethide  on  zinc-methyl,  and  separates,  on  treating  the  distillate  with  acidulated 
water,  as  a  heavy  oil,  which  may  bo  purified  as  alx)ve.     It  is  a  colourless  liquid,  having 
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t0rmmt4A  wtam,  hsring  the  CK^ovr  sad  lustre  of  uqb.  Iftifallir  titaaiaB  is  wlm 
ol4«jo«d  bj  DixjDg  titanic  oxide  with  ooe-«xth  of  its  weight  of  dhareoal,  aad  rrposii^ 
it  t/>  the  ftrrmg*^  heat  of  an  air-foroaoe.  It  was  thos  obtained,  ia  t^  §arm.  d  a 
eopp'^-^crkmrvl  or  gold-roloored  powder,  br  Vanqnelin,  Lampadiiis,  and  othora ;  hot 
^Mulhly  the  charcoal  which  they  oa^  maj  hare  oontaiDed  nitzogen.  and  that 
mar  hare  onitAd  with  th^;  ndoced  metaL 

Pare  titanium  f  prfrpared  from  the  double  flnonde)  bums  with  gfxvat 
wh«m  heat/-d  in  the  air,  and,  if  sprinkled  into  a  flame,  is  consumed*  with  briUiaart 
tillationji,  at  a  considerable  dinance  abore  the  point  of  the  flame.  When  heated  to 
redoeM  in  ozTgen-gan,  it  bams  with  a  ffplendour  resemblins;  a  disrhaige  of  doeCridtj. 
In  chlorine-f^aii  it  exhibits  inmilar  pfaencmiena,  requiring  abo  th«  aid  of  heat  to  set  it 
on  fire.  Mix6<l  with  red  l«*ad  and  bmted,  it  bnma  with  sndi  riolenes  that  tha  aiass  it 
thrriwn  out  fj(  the  Tessel  with  loud  detonation.  Titaninm  does  not  decompose  water 
at  ordinary  t^rmperatures,  but  on  heating  the  water  to  the  boiiing-point,  h/drogea 
hefo^un  to  eacape.  Warm  hydrochloric  acid  disaolTes  titanium,  with  brisk  erolntioti  of 
hydrr>gen.  Ammonia  adiled  to  the  solution  throws  down  a  black  oxide;  and  oa 
heating  the  liquid,  hydrogen  is  erolred ;  and  the  precipitate  first  turns  blue,  aad  is 
afterwards  oonrerted  into  white  titanic  acid. 

Titanium,  in  its  most  important  compounds,  is  tetrstomic,  titanic  oxide  being  TiO*, 
and  the  corresponding  chloride,  TiCl*,  analc^ous  to  the  oxide  and  chloride  of  ailieoD; 
it  also  forms  a  sesqnioxide,  Ti'C,  and  a  corresponding  trichloride,  TiCl*. 

TZTAJilUltf  AXiXvOTS  OV.  These  alloys  hare  not  been  mnch  examined.  A 
eomrioand  of  titanium  and  aluminium,  Aim,  is  obtained  by  exposing  10  pts.  titanic 
oxide,  30  r/tH.  rryolite,  and  30  pts.  of  a  mixture  of  equal  weights  of  potassinm-  sad 
sodium-cmorideN,  for  an  hour,  to  the  heat  of  melting  silver,  and  diasolTing  out  tlie 
excf^s  of  aluminium  from  the  resulting  regulus  with  hydrochloric  acid.  It  forms 
pinchlieck-brrjwn,  microscopic,  quadratic  laminae,  which,  when  heated  in  hydrochloric 
acid  gas,  are  resolved  into  chloride  of  aluminium  and  chloride  of  titanium.  (Wohler 
and  Michel,  Ann.  Ch.  Pharm.  cxiii.  248 ;  cxv.  102  ;  Jahresb.  1860,  p.  129.) 

Respecting  the  alloys  of  titanium  and  iron,  see  Irok,  iiL  370. 

TZTAJilllMf  aSOXXBS  OV«  Only  one  bromide  of  titanium  is  known, 
namely  the  tetrabromide,  TiBr^,  which  is  obtained  by  passing  bromine-Tapour  over 
an  ignited  mixture  of  charcoal  and  titanic  oxide.  It  then  distilB  orer  as  a  red  liquid, 
which  solidifies  in  the  receiver  to  a  crystalline  mass.  When  freed  from  excess  of 
bromine  by  redistillation  with  mercury,  it  forms  an  amber-yellow  masi»  hari^g  a  beau- 
tiful crystalline  structure  and  a  density  of  2*6,  melting  at  39°,  and  boiling  at  230**.  It 
quickly  absorbs  moisture,  and  in  contact  with  water,  is  resolved  into  hydrobromic  add 
and  titanic  acid. 


IS  OV.  Titanium  forms  two  chlorides,  TiCl'and 
TiCl*. 

Tho  Trichloride,  or  7V/a^ o u#  Cft/ort(f«,  discovered  by  Ebelmen  (Ann.  Ch. 
PhyH.  [3J,  XX.  386),  is  produced  by  the  action  of  hydrogen  on  the  tetzachloride.  To 
I>r(»j)iir«  It,  pure  and  dry  hydrogen-gas  is  passed  into  titanic  chloride  contained  in  a 
tubulaU'd  retort,  by  means  of  a  delivery-tube  dipping  into  the  liquid.  To  the  neck  of 
the  mtort  is  iidaptod  a  tube  of  glass  or  porcelain  (if  of  glass,  it  should  be  wrapped  in 
copper- foil),  which  passes  horizontally  through  a  furnace,  projecting  considerably 
beyond  it,  and  terminating  in  a  tubulated  receiver  to  collect  the  titanic  chloride  which 
pasHos  undccomposed  through  the  tube.  As  soon  as  the  apparatus  is  completely  filled 
with  hydrogen,  the  tube  is  heated  to  redness,  and  the  retort  containing  the  titanic 
chloride  is  gently  warmed.^  Titanous  chloride  is  then  produced,  and  condenses  in  the 
part  of  the  tube  which  nrojects  beyond  the  furnace,  the  process  being  finished  as  soon 
as  all  the  titanic  chloriao  is  driven  out  of  the  retort  The  projecting  part  of  the  tube 
is  then  to  be  gently  warmed,  while  hydrogen  is  continually  passed  through  it  in  order 
to  drive  all  the  undecomposed  titanic  chloride  into  the  receiver,  and  the  titanous 
chloride  is  then  loft  to  cool  in  the  current  of  hydrogen. 

Titanous  chloride  forms  dark-violet  scales,  having  a  strong  lustre.  When  heated  in 
A  porc<^lain  dish  in  contact  with  the  air,  it  gives  oflf  vapours  of  titanic  chloride,  and 
loaves  titanic  oxide.  It  deliquesces  in  the  air  at  ordinary  temperatures,  and  is  gradu- 
ally decomposed  in  the  same  manner.  Titanous  chloride  dissolves  in  water,  forming 
a  violot-rea  solution,  which  gradually  loses  its  colour,  and  deposits  titanic  acid.  From 
th(^  aqueous  solution,  alkalis  and  alkaline  carbonates  throw  down  dark-brown  titanous 
hydrate  ;  the  same  precipitate  is  formed  by  sulphide  of  ammonium  ;  sulphuric  acid  pro- 
duces no  reaction.  The  solution  of  titanous  chloride  is  an  extremely  powerful  deoxi- 
dising affont,  reducing  the  noble  metals  from  their  solutions,  converting  cupric  and 
ferric  salts  into  cuprous  and  ferrous  salts  respectively,  and  separating  sulphur  froai 
llphurous  acid  when  heated  therewith.    (E  b  e  1  m  e  n.) 
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red,  instearl  of  violet.     Man j  titanates  yield  the  TioEet  enkjnr  onlj 

Balt,  not  with  bora?^     The  colour  ii  proJoced  more  readilj  bj  bearia^  the        ^ 

on  charcoal  than  on  platinam-wire.     According  to  Rilej  (Cbetn.  Soe.  Qs.  J.  xo.  1); 

Jahrefib.  1850,  p.  678),  the  delicacy  of  the  taction  is  modi  iaaemmtd  bj  i»rtti»g*Hglt 

metallic  zinc  in  the  phociphoniB-Balt  bead,  a  digtinct  oolorauon  beiii|^   tfaca  fmimtrd, 

MB  the  zinc  is  burnt  away,  even  with  yerj  minute  quantities  of  dtaaiiiaL 

2.  fir  act  ions  in  Solution. — Titanic  acid  and  the  Beatnl  titmimtrm  at*  iaaolvHe 
in  water,  but  disfK>lre  in  acids,  eepeciallj  in  hjdrochloinc  and  ralpfanrie  aoda.  From. 
thcHo  s'>lutions  the  titanic  acid  is  precipitated  by  boiling,  imperlectlT  team,  the 
hjdrrx;h]oric,  completely  from  the  snlphnric  eolation. — Caustic  iliaiis  and  mikdtm 
cartt^maten  likewise  throw  down  from  tJiese  solutions  a  white  gelatinoos  prro|HtUe 
of  titanic  acid.  Jn  the  hydrochloric  solution,  containing  as  little  fre«  a^eid  ^m  pocnUe, 
infusion  oj  galU  prorluces  an  orange-coloorod  precipitate. — Firroeyanide  of  fotsa^mm 
fonriM,  in  the  same  solution,  a  dark-brown  precipitate. — Metallic  tin,  imatMnod  in  a 
sr>lntion  of  titanic  acid  in  hydrochloric  acid,  eliminates  hydrogen,  asaomea  a  yi^ilet- 
bluo  cilour,  and,  if  the  solution  is  not  too  dilute,  thr<>ws  down  a  dark-Tiok^precipftaite 
(protoxide  of  titanium?),  which  gradually  turns  white  by  oxidation.  The  yiolcC-Uae 
Sf^liition,  when  dilated  with  water,  assumes  a  rose-colour,  which  often  mnains  onal- 
terf<l  for  seyeral  days.  This  reaction  sonres  for  the  detection  of  yezy  amall  qnantides 
of  titanium,     (y.  Kobell.) 

Titanous  oxide  dissolves  in  acids,  forming  yiolet  solutions,  in  which  aUtmlu  and 
alkaline  carbonates  form  a  dark-brrjwn  precipitate  of  titanous  hydrate,  gradaally 
changing,  with  evolution  of  hydrogen,  into  titanic  acid. — Carbonate  of  c^ddmrn  precipi- 
tates titanoas  oxide  completely  from  its  solutions. — Sulphydrie  aeid  prodneea  oo 
alteration  ;  sxJphide  of  ammonium  throws  down  brown  titanous  hjdrateu  Tlia  solu- 
tion of  titanous  salts  act  as  powerful  reducing  agents,  precipitating  gold,  mtertury,  sad 
sil'^er  from  their  solutions  in  the  metallic  state.  Titanous  chloride  tfaxowa  down 
white  cuprous  chloride  from  the  solution  of  hcupric  salt,  and  reduces y<Trv  to  ferroms 
salts,     (Kb  el  men). 

3.  Estimation  and  Separation. — Titanium  is  always  estimated  in  the  fbna  of 
titanic  oxide,  TiO'.  This  compound  is  best  precipitated  from  its  solutions  in  acids  by 
ammonia,  which  throws  it  down  in  the  form  of  a  very  bulky  hydrate  (titanic  acid) 
resembling  hydrate  of  alumina.  A  great  excess  of  ammonia  must  be  aToided,  as  it 
would  rcdissolve  a  small  portion  of  the  titanic  acid.  The  precipitate,  after  ignition, 
contains  60  per  cent,  of  titanium. 

If  the  titanic  acid,  after  pr(>cipitation  by  ammonia,  is  to  be  rediaadlTed  in  adds, 
which  is  sr^metimee  necessary  in  order  to  separate  it  from  other  metals,  great  care 
must  be  taken  in  the  precipitation  to  avoid  all  rise  of  temperature ;  and  the  precipitate 
must  be  washed  with  cold  water,  because  heat  has  the  effect  of  rendering  titanic  add 
more  or  b'ss  insoluble  in  acids  (p.  844). 

Titanic  acid  may  also,  in  some  cases,  be  separated  from  its  acid  solntians  by  boiling ; 
from  tlie  solution  in  sulphuric  acirl,  complete  precipitation  is  effected  by  this  method ; 
but  when  liydrochloric  acid  is  the  solvent,  a  small  portion  of  titanic  aeid  always  re- 
mnins  in  solution  afU'r  boiling. 

Titanic  oxide  (rutile,  &c.)  and  its  insoluble  compounds  are  most  easily  rendered 
soluble  by  fusion  with  acid  sulphate  of  potassium.  The  best  mode  of  proceeding  is  to 
fuse  in  a  j)latinum-crucible  a  quantity  of  the  acid  sulphate  equal  to  about  six  times 
the  weight  of  the  titanate,  add  the  mineral  in  extremely  fine  powder  to  this  cooled 
mass,  and  fuse  again  till  the  whole  flows  quietly,  and  the  powder  is  completely  dis- 
solviHl.  Tho  fu.<)od  mass  is  then  dissolved  in  a  largo  quantity  of  cold  water,  and  the 
solution  precipitated  by  boiling. 

Senquioxide  of  titanium  is  precipitated  from  its  solutions  by  ammonia,  and  tho  pre- 
eipitjite,  aft^-r  standing  from  24  to  36  hours,  is  converted,  with  evolution  of  hydrogen, 
into  titanic  acid,  in  which  form  it  may  be  estiniut'Hl. 

From  tho  alkalis  and  alkaline  earths,  titJinic  acid  may  be  separated  by  ammo- 
via,  the  Holution,  in  the  latter  case,  being  carefully  excluded  from  the  air.  Baryta 
and  Htrontia  may  also  be  separated  by  sulphuric  acid. 

'i'itanic  acid  is  separated  from  magnesia  by  boiline,  if  the  two  are  dissolyed  in 
suli'lmric  acid ;  anci  by  precipitation  with  carbonate  of  barium^  when  hydrochloric  acid 
is  til e  Holvcnt. 

The  separation  from  alumina,  glucina,  yttria,  and  thorina  is  also  effected  by 
boiling  the  sulphuric  acid  solution. 

From  zircon  i  a,  titanic  acid  maybe  separated  by  mixing  the  nearly  neutralised 
solution  with  hyposulphite  of  sodium,  and  boiling  till  no  more  sulphurous  anhydride 
is  ffivon  off.    The  titanic  acid  is  then  completely  precipitated,  while  the  zirconia  ro- 
lolutiun. 
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red,  instead  of  Tiolot  Many  titanates  yield  the  violet  colour  only  with  phosphonia- 
Balt,  not  with  borasi.  The  colour  is  proauced  more  readily  by  heating  the  substance 
on  charcoal  than  on  platinum- wire.  According  to  Riley  (Chem.  Soc  Qu.  J.  xii.  13; 
Jahresb.  1859,  p.  678),  the  deliccury  of  the  reaction  is  much  increased  by  melting  a  little 
metallic  zinc  in  the  phosphorus-salt  bead,  a  distinct  coloration  being  then  prodacad, 
as  the  zinc  is  burnt  away,  even  with  very  minute  quantities  of  titanium. 

2.  Reactions  in  Solution. — Titanic  acid  and  the  neutral  titanates  are  insoluble 
in  water,  but  dissolro  in  acids,  especially  in  hydrochloric  and  sulphuric  acids.  From 
these  solutions  the  titanic  acid  is  precipitated  by  boiling,  imperfectly  from  the 
hydrochloric,  completely  from  the  sulphuric  solution. — Caustic  alkalis  and  eUkaline 
carbonates  likewise  throw  down  from  these  solutions  a  white  gelatinous  precipitate 
of  titanic  acid.  In  the  hydrochloric  solution,  containing  as  little  ^oacid  as  possible, 
ir{fusio7i  oj  galls  produces  an  orange-coloured  precipitate. — Fi-rrocyanide  of  potassium 
forms,  in  the  same  solution,  a  dark-brown  precipitate. — Metallic  tin,  immersed  in  a 
solution  of  titanic  acid  in  hydrochloric  acid,  eliminates  hydrc^en,  assumes  a  violet- 
blue  colour,  and,  if  the  solution  is  not  too  dilute,  throws  down  a  dark-violet  precipitate 
(protoxide  of  titanium?),  which  gradually  turns  white  by  oxidation.  The  violet-blue 
solution,  when  diluted  with  water,  assumes  a  rose-colour,  which  often  remains  unal- 
tered for  several  days.  This  reaction  serves  for  the  detection  of  very  small  quantities 
of  titanium,     (v.  Kobell.) 

Tita nous  oxide  dissolves  in  acids,  forming  violet  solutions,  in  which  alkalis  and 
alkaline  carbonates  form  a  dark-brown  precipitate  of  titanous  hydrate,  gradually 
changing,  with  evolution  of  hydrogen,  into  titanic  acid. — Carbonate  of  c(deium  precipi- 
tates titanous  oxide  completely  from  its  solutions. — Sulphydric  acid  produces  no 
alteration  ;  sulphide  of  ammonium  throws  down  brown  titanous  hydrate.  The  solu- 
tion of  titanous  salts  act  as  powerful  reducing  agents,  precipitating  ffold,  mercury,  and 
tilver  from  their  solutions  in  the  metallic  state.  Titanous  chloride  ^rows  down 
white  cuprous  chloride  from  the  solution  of  Kcupric  salt,  and  reduces /rrrtc  Xo  ferrous 
salts,     (Ebelmen). 

Z,  Estimation  and  Separation. — Titanium  is  always  estimated  in  the  form  of 
titanic  oxide,  TiO'.  This  compound  is  best  precipitated  from  its  solutions  in  acids  by 
Ammonia,  which  throws  it  down  in  the  form  of  a  very  bulky  hydrate  (titanic  acid) 
resembling  hydrate  of  alumina.  A  great  excess  of  ammonia  must  be  avoided,  as  it 
would  rodissolve  a  small  portion  of  the  titanic  acid.  The  precipitate,  after  ignition, 
contains  60  per  cent,  of  titanium. 

If  the  titanic  acid,  after  precipitation  by  ammonia,  is  to  be  redinolved  in  adds, 
which  is  sometimes  necessary  in  order  to  separate  it  fh>m  other  metals,  great  care 
must  be  taken  in  the  precipitation  to  avoid  all  rise  of  temperature ;  and  the  precipitate 
must  be  washed  with  cold  water,  because  heat  has  the  effect  of  rendering  titanic  acid 
more  or  less  insoluble  in  acids  (p.  844). 

Titanic  acid  may  also,  in  some  cases,  be  separated  from  its  acid  solutions  by  boiling ; 
froTO.  the  solution  in  sulphuric  acid,  complete  precipitation  is  effected  by  this  method  ; 
but  when  hydrochloric  acid  is  the  solvent,  a  small  portion  of  titanic  acid  always  re- 
mains in  solution  after  boiling. 

^  Titanic  oxide  (rutile,  &c)  and  its  insoluble  compoimds  are  most  easily  rendered 
soluble  by  fusion  with  acid  sulphate  of  potassium.  The  best  mode  of  proceeding  is  to 
fuse  in  a  platinum-crucible  a  quantity  of  the  acid  sulphate  equal  to  about  six  times 
the  weight  of  the  titanate,  add  the  mineral  in  extremely  fine  powder  to  this  cooled 
mass,  and  fuse  again  till  the  whole  flows  quietly,  and  the  powder  is  completely  dis- 
solved. The  fused  mass  is  then  dissolved  in  a  largo  quantity  of  cold  water,  and  the 
solution  precipitated  by  boiling. 

Sesquioxide  of  titanium  is  precipitated  from  its  solutions  by  ammonia,  and  the  pre- 
cipitate, after  standing  from  24  to  36  hours,  is  converted,  with  evolution  of  hydrogen, 
into  titanic  acid,  in  which  form  it  may  be  estimated. 

From  the  alkalis  and  alkaline  earths,  titanic  acid  may  be  separated  by  ammo- 
nia, the  solution,  in  the  latter  case,  being  carefully  excluded  from  the  air.  Barjla 
and  strontia  may  also  be  separated  by  sulphuric  add. 

Titanic  acid  is  separated  from  magnesia  by  boiling,  if  the  two  are  dissolved  in 
sulphuric  acid ;  and  by  precipitation  with  carbonate  of  barium,  when  hydrochloric  acid 
is  the  solvent. 

The  separation  from  alumina,  glucina,  yttria,  and  thorina  is  also  effected  by 
boiling  the  sulphuric  acid  solution. 

From  zircon  i  a,  titanic  add  maybe  separated  by  mixing  the  nearly  neutralised 
solution  with  hyposulphite  of  sodium,  and  boiling  till  no  more  sulphurous  anhydride 
is  given  off.  The  titanic  acid  is  then  completely  predpitcted,  while  the  zirconia  re- 
mains in  solution. 
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is  added  till  the  violet  colour  disappears,  and  a  drop  of  the  liquid  begins  to  be  oolonrpd, 
by  sulphocyanate  of  potassium.  The  quantity  of  permanganate  required  for  this  pur- 
pose givos  the  titanic  acid,  and  by  further  addition  the  iron  may  be  determined.  Or 
the  ferric  oxide  may  be  reduced  by  sulphurous  or  sulphydricacid  (neither  of  which  acts 
upon  titanic  acid),  and  rolumetrically  determined  by  itself.  In  a  mixture  of  titanic 
acid,  zirconia,  and  ferric  oxide,  the  ^rst  and  third  are  determined  as  just  deecribed, 
and  the  zirconia  by  difference.     (Pisani.) 

4.  Atomic  Weight  of  Iitantum,—B..  Hose,  in  1829  (Pogg.  Ann.  xr.  145),  de- 
termined the  atomic  weight  of  this  metal  by  decomposing  a  weighed  quantity  of  titanic 
chloride,  TlGl*,  with  water,  precipitating  the  titanic  acid  with  ammonia,  and  estimating 
the  amount  of  chlorine  in  the  filtrate  with  nitrate  of  silver.  In  four  experiments, 
100  pts.  titanic  chloride  yielded,  as  a  mean,  301-7  pts.  silver-chloride;  whence  (for  Ag 
—  108,  and  CI  =  35-5)  the  atomic  weight  of  titanium  was  found  to  be  =  48*26. 

An  essentially  similar  method  was  followed  by  Pierre  in  1867  (Ann.  Ch,  Phys. 
[3],  XX.  267),  who,  however,  made  use  of  a  titrated  silver-solution,  instead  of  weighing 
the  chloride  of  silver.  In  five  experiments,  each  made  with  from  700  to  800  milli- 
grammes of  titanic  chloride,  he  found  that  100  pts.  of  that  compound  required  to  pre- 
cipitate the  chlorine  contained  in  them  from  224*58  to  225*53  pta.  silver.  Hence  Ti 
falls  between  49*50  and  50*38,  and,  as  a  mean  result  of  the  five  experiments,  Ti  « 
50*10.     The  whole  number,  50,  is  now  generally  adopted. 


I  OF.  Tit  an  ou  a  Fluoride^  T\F*,  is  obtained 
(though  impure)  as  a  violet  powder,  by  igniting  potaasio-titanic  fluoride  (w/ra)  in  a 
stream  of  hydrogen-gas,  and  treating  the  rosulting  mass  with  hot  water.  (It.  Weber, 
Pogg.  Ann.cxx.  287  ;  Jahresb.  1863,  p.  211.) 

Titanic  Fluor  ide^  TiF^,  is  obtained  by  distilling  a  mixture  of  fluor-spar  and  tita- 
nic oxide  with  fuming  sulphuric  acid  in  a  platinum  apparatus ;  it  then  passes  over  as  a 
fuming  colourless  liquid  (Underdorben).  By  dissolving  titanic  acid  in  hydrofluoric 
acid,  and  evaporating,  a  syrupy  liquid  is  obtained,  which  deposits  crystals  of  titanic 
fluoride.  These  crystals  are  resolved  by  water  into  soluble  hydrotitanic  fluoride,  and 
insoluble  titanic  oxyfluoride. 

Hydrotitanic  Fluoride,  HTiP*  -  2HF.TiF«,  is  produced,  as  just  sUted,  in  the 
decomposition  of  titanic  fluoride  by  water ;  also  by  dissolving  titanic  oxide  in  aqueous 
hydrofluoric  acid  (Berzelius).  It  is  an  acid,  and,  when  neutralised  with  bases, 
yields  double  salts  of  titanic  fluoride,  represented  by  the  general  formula,  2MF.TiF^ 

Ammonio'titanic  Fluoride,  2NH*F.TiF*,  is  produced  by  adding  ammonia  to  aqueous 
hydrotitanic  fluoride,  till  the  precipitated  titanic  acid  no  longer  rediasolves.  On  eva- 
porating the  liquid,  it  separates  in  shining  scales,  which,  when  heated  in  a  platinum 
apparatus,  yield,  much  below  a  red  heat,  a  sublimate  of  ammonium-fluoride,  leaving 
a  residue  probably  consisting  of  NH«F.TiF«.     (Berzelius.) 

Calcio-titanic  Fluoride  iorms  prismatic  crystals,  which  dissolve  without  decomposition 
in  acidulated  water,  but  are  decomposed  by  pure  water,  with  separation  of  a  white 
powder. — Cupro-titanic  fluoride,  obtained  by  mixing  the  solutions  of  the  component 
fluorides,  crystallises  in  long,  pale,  blue-green  needles,  soluble  without  decomposition 
in  acidulated  water. — The  ferric  salt,  2FeF*.TiF*,  is  produced  by  mixing  the  solutions  of 
the  component  salts.  The  yellow  solution  leaves,  on  spontaneous  evaporation,  a  yellow 
syrup,  and  when  gently  heated,  a  pale-yellow  crystalline  mass,  soluble  in  water  without 
decomposition. — The  magnesium-salty  prepared  in  like  manner,  separates  by  spontaneous 
evaporation  in  long  neemos,  which  have  a  bitter  taste,  are  decomposed  by  pure  water, 
but  dissolves  without  decomposition  in  acidulated  water. — The  lead-salt^  prepared  in 
like  manner,  forms  small  colourless  crystals,  which  have  a  sweet  and  afterwards  an 
astringent  taste,  and  dissolve  readily  in  water  without  decomposition  (Berzelius). — 
The  nickel-salt,  NiF'.TiF^.eH'O,  is  produced  by  dissolving  titanic  acid  and  nickel-oxido 
in  hydrofluoric  acid,  and  separates  in  green,  easily  soluble  crystals.     (Weber.) 

The  potassium-salt,  2KF.TiF^  prepared  like  the  ammonium-salt,  crystallises  in 
scales,  which,  when  dry,  are  milk-white,  and  have  a  silky  lustre  (Berzelius). — 
Wohlor  prepares  it  by  fusing  very  flnely-pounded  rutile  in  a  platinum-crucible  with 
twice  its  weight  of  potassic  carbonate,  and  dissolving  the  fused  and  pulverised  mass 
in  a  platinum-dish,  in  the  requisite  quantity  of  dilute  hydrofluoric  acid.  The  double 
fluoride  then  partly  crystallises  out,  and  on  heating  the  liquid  to  the  boiling-point, 
adding  water  if  necessary  till  the  salt  is  redissolved,  and  flltering  hot,  thegreaier  part 
separates  in  shining  scales,  bo  that  the  entire  liquid  solidifies  to  a  pulp.  The  salt  is  to 
be  washed  on  a  filter  with  cold  water,  pressed  between  filter-paper,  and  crystallised 
from  boiling  water.  It  forms  nacreous  scales  when  dry,  and  melts  without  decomposi- 
tion at  a  white  heat. 

The  sodium-salt  forms  indistinctly  crystalline  crusts,  more  soluble  than  the  potas- 
bium-sjilt.     (Berzelius.) 
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is  not  otherwise  affected  bv  them,  and  is  oxidised  with  difficmltj  when  heated  in 
contact  with  the  air,  or  fused  with  nitre.  The  same  oxide  appears  to  be  fomied,  in  the 
wet  way,  as  a  dark -purple  powder,  when  a  fragment  of  zinc  or  iron  is  introduced  into  a 
solution  of  titanic  acid  in  hydrochloric  acid ;  but  it  alters  very  quickly  by  absorption 
of  oxygen,  so  that  there  is  considerable  diflSculty  in  studying  its  properties;  the  com- 
position assigned  to  it  is  therefore  hypothetical.  The  blue  powder  is,  perhaps,  a  com- 
pound of  titanium-protoxide  with  oxide  of  zinc  or  iron. 

Sesqaiozide  of  Titanium,  or  Titanous  Oxide,  Ti^O*. — This  oxide  is  obtained, 
by  passing  dry  hydrogen-gas  over  ignited  titanic  oxide,  as  a  black  powder,  which, 
when  heated  in  the  air  to  a  very  high  temperature,  oxidises  to  titanic  oxide.  It  is  not 
attacked  by  nitric  or  hydrochloric  acid  ;  sulphuric  acid  dissolves  it,  forming  a  violet 
solution  (Ebel men). — A  hydrate  of  titanous  oxide,  or  titanons  hydrate,  is  formed 
(according  to  Fuchs)  by  digesting  a  solution  of  titanic  acid  in  hydrochloric  acid  at 
40^  or  60^  with  metallic  copper,  and  pouring  the  resulting  violet-blue  solution  into 
aqueous  ammonia :  it  then  falls  down  as  a  dark-brown  precipitate,  while  cuprous 
chloride  remains  in  solution.  Instead  of  copper,  silver  reduced  by  zinc  may  be  used 
in  the  preparation  (v.  Kobell).  The  hydrate  is  likewise  formed  (according  to 
Ebel  men)  when  a  solution  of  titanous  chloride  is  precipitated  by  alkalis.  Tho  dark- 
brown  precipitate  thereby  formed  gradually  turns  black,  blue,  and  finally  white,  while 
hydrogen  is  evolved.  The  blue  colour  is,  perhaps,  due  to  the  formation  of  a  titanous 
titanute. 

Titanous  oxide  dissolves  in  acids,  forming  violet  solutions ;  but  the  sulphate  is  the 
only  titanous  oxysalt  that  has  been  obtained  in  the  solid  state  (see  Sulphates,  p. 
61G).  Titanous  chloride  has  been  already  described.  The  solutions  of  titftnous  salts 
are  powerful  reducing  agents,  and  yield  a  brown  precipitate  of  titanous  hydrate  with 
alkalis  (p.  838). 

Biozide  of  Titanium,  Titanic  Oxide  or  Anliydrtde,  TiO'.  Anhydrous  Ti- 
tanic acid. — This  oxide  occurs  native  in  three  different  forms :  viz.,  as  r utile  and 
anatase,  which  are  dimetric,  and  as  brookite,  which  is  trimetric.  Rutile,  which  is 
the  most  common  form  of  titanic  oxide,  occurs  in  acuminated  dimetric  prisms,  isomor- 
plious  with  tinstone,  and  exhibiting  the  combination  P  .  ooP  .  Poo  .  ooPoo  (fig.  322, 
11.  160),  also  without  Poo .  For  P,  the  length  of  the  principal  axis  is  0*6442.  Angle 
P  :  P  =s  123°  8'  in  the  terminal,  and  84°  40'  in  the  lateral  edges.  Twin  crystals  occur, 
formed  in  the  same  manner  as  those  of  stannic  oxide  (p.  815).  The  crystals  cleave 
distinctly  parallel  to  ooP  and  ocPoo .  Hardness  =  6  to  6-6.  Specific  gravity  = 
418  to  4-25.  Lustre,  metallic  adamantine.  Colour  reddish-brown,  passing  into  red ; 
sometimes  yellowish,  also  black.  Streak  pale-brown.  Subtransparent  to  opaque. 
Fracture  subconchoi'dal,  uneven.    Brittle. 

Rutilo  occurs  in  granite,  gneiss,  mica-slate,  and  syenitic  rocks ;  sometimes  in  granu- 
lar limestone ;  generally  in  imbedded  crystals.  It  is  found  in  Brazil,  at  Arendal  in 
Norway,  on  the  Saualp  in  Carinthia,  in  the  Urals,  in  the  Tyrol,  on  the  St.  Got- 
hard,  at  Yrieix  in  France,  at  Krumhennorsdorff  near  Freiberg,  in  Gistile,  atOhlapian 
in  Trans vlvania,  at  Cairngorm  in  Scotland,  at  Craig  Cailleach  near  Killin,  and  in 
Benzloe  m  the  isle  of  Murray,  Shetland  ;  also  at  numerous  localities  in  North  America. 
It  always  contains  from  1}  to  2^  per  cent,  ferric  oxide,  and  sometimes  stannic  and 
tungstic  oxides.  A  variety  from  Karingsbricka,  in  Sweden,  contains  a  small  perceji- 
tage  of  chromium,  and  is  the  tUane  oxydi  ckromifhe  of  Hauy. 

Anatase,  the  purest  form  of  native  titanic  oxide,  is  also  dimetric;  but  its  form  is 
incompatible  with  that  of  rutile,  from  which  it  also  differs  in  its  mode  of  cleavage, 
specific  gravity,  hardness,  and  other  physical  characters.  It  usually  occurs  in  very 
acute  unmodified  octahedrons,  having  the  principal  axis  =  1*7723:  and  the  angle 
P  :  P  .  in  the  terminal  edges  =  97°  55',  in  the  lateral  edges  —  136°  30' ;  sometimes 
also  in  a  combination  like  fi^,  222  (ii.  235).  Respecting  its  physical  characters,  and 
the  localities  of  its  occurrence,  see  i.  289. 

Brookite,  orArkansite,  which  consists  of  titanic  oxide  mixed  with  about  3  to 
4  J  ]wr  cent,  ferric  oxide,  is  trimetric,  having  tho  axes  «  05941  :  1  :  0*5611.  Anglo 
P  :  P  (brach.)  =  135°  37';  P  :  P  (macr.)  =  101°  3';  P  :  P  (basal)  =  95°  22'; 
c«P  :  00 P2  ■»  99°  50'.  The  crystals  frequently  exhibit  the  combination  ocf  oo  . 
c»P2  .  P,  like  fig.  273  (ii.  148),  together  with  other  p3rrjimids  and  horizontal  prisms, 
and  are  generally  flat  between  the  predominant  faces  oofoo  ;  often  also  of  pyramidal 
character,  exhibiting  the  faces  P,  oof  2  equally  developed,  Lko  fig.  Til  without  f  oo . 
(K  o p  p'  8  Kry8tallograp}u€,  2to  Aufl.  p.  267).  For  the  physical  characters  and  the  loca- 
lities of  brookite,  see  i.  680. 

Preparation. — Pure  titanic  oxide  may  be  prepared  from  rutile,  or  from  tho  several 
varieties  of  titaniferous  iron ;  in  the  latter  case  a  considerable  portion  of  the  iron 
may  be  removed  by  repeatedly  boiling  the  pulverised  mineral  with  hydrochloric  acid. 
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brilliant  lustre.  Tbo  crystals  dissolve  in  melting  acid  potassic  sulphate,  forming  a 
yellow  liquid,  which  dissolves  in  water  when  cold;  they  are  not  altered  by  ignition  in 
contact  with  the  air,  or  in  chlorine-gas,  or  by  boiling  with  strong  hydrochloric  or  sul- 
phuric acid.     (Liebig  and  Wohler.) 

fi.  Ferrous  titanate,  Fe*TiO*  or  2FeO.TiO*,  is  produced  by  fusing  a  mixture  of 
2  pts.  titanic  oxide,  6  pts.  ferrous  fluoride,  and  a  large  excess  of  sodium-chloiide.  On 
treating  the  fused  product  with  a  large  quantity  of  water,  removing  the  lighter  sub- 
stances by  lovigation,  and  heating  the  residue  with  dilute  acetic  acid  till  aO  laminar 
products  are  dissolved  out,  ferrous  titanate  remains  in  small  prismatic  ciystals,  having 
a  dark-purple  colour  and  the  lustre  of  steel,  and  yielding  an  ochre-yellow  powder. 
Their  specific  gravity  is  4*37  ;  they  are  not  magnetic,  and  do  not  contain  any  ferric 
oxide.     (Hautefeuillo,  Jahresb.  1864,  p.  218.) 

7.  The  mineral  called  Titaniferoua  Iron^  or  Ilmenite — also,  in  certain 
varieties,  Cricktonitef  Menakanf  Menaccanite,  Kibddophane,  Basanomelattef  Ifys- 
tatite,  Wodhingtonitef  Mohsite  —  consists,  sometimes  of  nearly  pure  ferrous 
titanate,  sometimes  of  magnesio-ferrous  titanate,  sometimes  of  isomorphons  mix- 
tures of  ferrous  titanate  with  ferric  oxide  and  ferroso-ferric  oxide.  It  occurs  in  he- 
mihodral,  rhombohedral  crystals  (tetartohedral  to  the  hexagonal  type),  isomorphons  with 
iron-glance,  having  the  principal  axis  •»  1'3767,  the  angle  H :  R  in  the  terminal  edges  » 
86°  43',  and  deriving  imperfectly  jjarallel  to  R  and  oU  ;  where  the  cleavage  appears  to 
be  perfect,  it  is  probable  that  combination-faces  of  different  individuals  exist  (J^opp's 
Kri/stalfoffraphi^,  p.  211).  The  crystals  are  more  or  less  tabular,  often  forming  twins, 
united  by  the  face  R  or  oR ;  also  implanted  or  imbedded,  and  united  into  groups,  with 
scaly  or  granular  structure.  The  mineral  likewise  occurs  compict,  in  massive  or  in 
loose  grains,  and  in  the  form  of  sand  (titaniferous  sand,  titaniferous  iionsand).  Hard- 
ness =s  6*0  to  6-0.  Specific  gravity  «■  4*6  to  6*0.  Lastre  submetallic  Colour  iron- 
black  to  steel-grey.  Streak  black  to  brownish-red.  Opaque.  Fracture  conchoidal. 
Slightly  magnetic.  Before  the  blowpipe  it  is  infusible,  or  becomes  roxmded  in  the 
reduction-flame  at  the  edges  only  (the  variety  from  Uddewalla,  in  Sweden,  is  fusible, 
according  to  Plantamour).  With  fluxes  it  gives  the  reactions  of  iron ;  the  microcosmic 
salt  bead  becomes  red  or  brown-red  in  the  inner  flame,  and  violet  when  treated  with 
tin  upon  charcoal ;  many  varieties  give  the  manganese  reaction  with  soda  and  nitre. 
The  finely-pulverised  mineral  dissolves  with  more  or  less  facility  in  hydrochloric  acid, 
leaving  a  residue  of  titanic  add.  Tha  solution  is  generally  yellow,  containing  both 
ferric  and  ferrous  oxides.  When  heated  with  strong  sulphuric  acid,  it  acquires  a  dark- 
blue  colour,  which  however  disappears  on  addition  of  water,  titanic  acid  then  remain- 
ing undissolved. 

Analyses : — A.  Containing  little  or  no  Ferric  Oxide. — a.  From  St  Christophe,  near 
Bourgd'OisanSjinDauphine :  Crichtonite;  specific  gravity  =  4*727  (Marignac,  Ann.  Ch. 
Phys.  [SJ.'xiv.  60). — o.  Ingelsberg,  near  Hofgastein.  in  the  Pin2gau:  Axotomous  Iron- 
ore ;  Kibdelophane :  crystallised ;  non-magnetic,  or  very  slightly  magnetic ;  a.  Specific 
gravity  «  4-661  (v.  Kobell,  Schw.  J.  Ixiv.  69,  246);  /3.  Spnecific  gravity  -  4689 
(R&mraelBheTgtMineralvhemiet  p.  408). ~e.  Rio  Chico,  province  of  Antioquia,  New 
Granada:  grains  from  the  auriferous  and  platiniferous  sand  (Damonr,  Ann.  Mln. 
[3],  li.  446). — d,  Layton's  Farm  in  the  State  of  New  York:  crystallised,  yielding  a 
broMm-black powder;  non-magnotic ;  spedfic  gravity  « 1-293— 4'813(Bammelsberg): 

b. 

a.  ^        *      ■■  s  c.  d. 

Titanic  oxide       .  .  .     62*27  69*00  63-63  67*09  67*71 

Ferric  oxide         .  .  .       1-20  426  266 

Ferrous  oxide      .  .  .     46*63  3600  3830  42*12  26*82 

Manganous  oxide  .  ...  1-65  430           0*80  0*90 

Magnesia     .        .  ...        _. .  1*66  , .  13*71 

10000       100-90         99-94       10001         99*14 

If  the  small  quantity  of  ferric  oxide  in  a  and  6,  /3  be  deducted,  and  the  magnesia  and 
manganous  oxide  converted  into  their  equivalents  in  ferrous  oxide,  the  composition  of 
these  minerals  may  be  nearly  represented  by  the  formula  FeO.TiO*  or  Fe'TiO*,  which 
requires  63*72  TiO*  and  46*28  FeO. — c  is  also  nearly  the  same,  but  may  be  more  dosely 

represented  by  the  formula  8Fe0.9TiO'. — d  is  magnesio-ferrous  titanate,  i^?(  ^iO*,  or 

FeO.TiO«  +  MgO.TiO*,  the  calculated  composition  of  which  is  6882  percent.  TiO", 
26-47  FeO,  and  1471  MgO. 

Shephard's  paracolumhite  (iv.  341)  is,  according  to  Pisa ni  (Sill.  Am.  J.  [2], 
xxxvii.  359),  a  ferrous  titanate,  difficult  to  separate  from  the  matrix.  It  has  a  hard- 
ness =  4*6  ;  specific  gravity  =:  4*363 ;  melts  to  a  black  magnetic  bead,  and  gives  by 
analysis : 
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men  from  the  const  of  FinlAnd,  ELipioth  fomid  14  per  cent^  Malj  33  per  eent^,  thuiie 
oxide ;  Cordier  has  found,  in  similar  specimens,  from  11  to  16  per  cent,  titanic  oxide. 
In  an  ironsand  containing  octahedrons  from  the  Etna  laras,  r.  Walterfaansen  foozid 
12*38  per  cent.  TiO'  and  92*18  FeK)*,  which  is  an  excess  of  4*56,  indieatioff  the 
presence  of  ferrous  oxide.  A  specimen  of  rery  fine  ironsand  from  the  Moggel  Ltke, 
near  Berlin,  yielding  a  black  powder,  and  having  a  specific  gravity  of  5*076,  was  found 
by  Bammelsberg  to  contain  5*20  per  cent.  TiO^  6136  FeH)',  30*25  FeO,  1*23  MnO, 
and  0*48  3igO  (  »  98*52),  which  may  be  nearly  represented  by  the  formula  FeO-TiO*. 
6(FeO.Fe^O') ;  but  all  these  substances  are,  perhaps,  merely  mixtores  of  ferrous 
titanate  and  magnetic  iron-ore,  and  the  oocurrence  of  definite  proportions  is  merely 
accidental. 

Titaniferont  Iron  containing  Tantalum  and  Niobium. — In  the  diamond-sand  of  Dia- 
mantino  in  Braidl,  Damour  found  black  grains,  yielding  a  dark-green  powder,  and 
having  a  specific  gravity  of  4*82,  which  contained  74*32  per  cent.  TiO',  6*67  TaH)* 
204  SnO«,  and  16*97  FeO. 

According  to  A.  E.  Nordenskjold  (Fogg.  Ann.  cxxii.  615),  a  mineral  resemUing 
titaniferoQS  iron,  or  ilmenite,  but  containing  niobic  as  well  as  titanic  add,  oocnrs  near 
the  village  of  Torro,  in  Finland. 

Titanate  of  MagneBium, — ^The  monobasie salt,  MgTiO*  »  HgO.TiO',  is  formed 
by  heating  1  pt.  titanic  oxide  to  whiteness  for  a  short  time  in  a  dosed  veeM],with  10 
pts.  chloride  of  magnesium,  and  a  small  quantity  of  sal-ammoniac  On  treating  the 
nised  product,  first  with  water  containing  acetic  acid,  then  with  pure  water,  the  mono- 
magnesic  titanate  remains,  in  shining  six-sided  ciystals,  probably  belonging  to  the 
tri metric  system,  and  coloured  reddish  by  a  trace  of  manganese.  They  scratch  glass, 
and  have  a  density  of  3*91.  If  the  chloride  of  ammonium  be  omitted  in  the  pre- 
paration, the  proportion  of  magnesium  in  the  crystals  will  be  somewhat  greater 
(Hautefeuille^.— The  dibasic  saU,  ^i^TiO*  «  2MgO.TiO*,  is  obtiuned  by  fusing 
2  pts.  titanic  oxide,  1  pt.  magnesia,  and  40  pts.  chloride  of  magnesium,  and  proceeding 
as  in  the  preparation  of  the  corresponding  ferrous  salt  (p.  846).  It  forms  very 
brilliant  regular  octahedrons,  harder  than  ghiss  and  having  a  specific  gravity  of  3*42. 
(Hautefeuille.) 

Manganous  Titanates  (Hautefeuille). — ^The  dibasic  salt,  MnTiG*,  is  ob- 
tained by  heating  titanic  oxide  with  fiuoride  of  manganese,  but  always  mixed  with 
the  laminar  monobasic  salt ;  neither  of  these  compounds  has  been  further  eocamined. 

Titanates  of  Potassium.— The  monobasic  salt,  K«TiO«  -  KV.TiO*  is  ob- 
tained by  fusing  titanic  oxide  with  excess  of  potassic  carbonate.  Twe  fused  lasers  are 
then  formed,  the  upper  containing  the  excess  of  carbonate,  the  lower  the  monobasic  potas- 
sium-titanate.  This  salt  forms  a  yellowish,  fibrous,  easily  fusible  mass,  which  is  resolved 
by  water  into  an  insoluble  acid  salt,  and  a  soluble  salt  containing  a  larger  proportion 
of  base. — The  acid  salt  is  a  soft  white  powder,  which,  after  ignition,  contains  17*33  to 
1801  per  cent.  K*0,  and  82*67  to  81*99  TiO«.  On  treating  it  with  strong  hydrochloric 
acid,  and  saturating  the  liquid  with  ammonia,  a  precipitate  is  formed,  which,  after 
ignition,  contains  91*3  per  cent.  TiO«  to  8*7  K«0.    (H.  Kose.) 

A  silico'titanate  of  potassium  is  formed  by  igniting  titanic  oxide  with  excess  of 
silica  and  excess  of  potassium-carbonate,  and  remains  behind  on  treating  the  mass 
with  water,  which  dissolves  out  carbonate  and  silicate  of  potassium.  When  moist,  it 
dissolves  easily  in  concentrated  hydrochloric  acid,  forming  a  solution,  which,  when 
boiled,  deposits  fiocks,  somewhat  soluble  in  water,  and,  when  mixed  with  ammonia, 
yields  a  precipitate  of  silicic  and  titanic  acids. 

Titanates  of  Sodium.— The  monobasic  salt,  NaTiO*  =  Na«O.TiO*,  prepared 
like  the  corresponding  potassium-salt,  is  resolved  by  water  into  an  insoluble  acid  salt 
and  free  soda.  This  acid  salt  forms  white  sandy  grains,  containing  15*14  to  15*30 
per  cent.  Na«0,  74*73  to  75*47  TiO«,  and  1013  to  9*23  water.  On  treating  it  with 
strong  hydrochloric  acid,  and  neutralising  with  ammonia,  there  remains  a  residue  con- 
taining 96-2— 96*66  per  cent.  TiO« to  3*8— 344  Na«0.    (H.  Rose.) 

Titanate  of  Zirconium  is  precipitated  on  mixing  the  solutions  of  zirconic  and 
titanic  chlorides,  and  adding  sulphate  of  potassium  (Berzelius).  Titanate  of  zirco- 
nium is  one  of  the  constituents  of  sschynite,  fergusonite,  and  polymignite  (i.  59 ;  iv. 
55,  687). 

TZTAVXirBK,  OZTCBXOSZBB  OF.     See  p.  837. 

TZTAVZVM,  OZTnvOSIDB  OF.     See  p.  840. 

TZT AVZVM,  BTFJ^nrnm  or.  TiS*.— This,  the  only  known  sulphide  of  tita- 
nium, was  discovered  by  H.  Hose,  who  prepared  it  by  slowly  passing  tne  vapour  of 
carbonic  disulphide  over  titanic  oxide,  very  strongly  ignited  in  a  porcelain  tube. 
Berzelius  obtained  it  by  igniting  a  mixture  of  1  pt.  pulverised  rutile,  1  pt  dry  carbon- 
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loWeo  Srom  rariotu  loedities,  17  to  33  per  cent. ;  in  Ruisian,  21-fl  to  21-9 ;  in  Oreciui, 
19  per  cent  ash.  Will  sndFreaeniuB  (Ann.  Ch.  Pharm.  1.  387)  have analj^Md the 
iisb  of  aeveml  inirieti«a  of  Hungarian  tobacco  (Ko.  i.  to  viii.  of  the  followiog  table),  and 
Merz  (ifiid.  lixix,  109)  has  a^ysed  that  of  tobacco  grovn  in  die  neighbourhood  of 
Niimberg  (Ko,  a.)  :— 


Schloaiog  (J.  t^.  Chem.  Inori.  14S)  has  detenained  tbe  quantttifs  of  potash, 

lime,  miigneeia,  sulphnric  acid,  and  chlorine  in  Cobucoo  growii  on  various  soiu.  In 
the  ali>diiGd  leaves  of  twelve  different  aorts,  be  found  90  pis.  of  dry  sabsUnce  ftnd 
10  pts.  water:— 


The  eombustibility  of  tobacco  is  influenced  to  a  conpidcreble  extent  by  the  prapor- 
tioo  of  the  potash  and  lime  contained  in  it,  and  the  manner  id  which  these  bases  are 
combined  with  acids.  Tbe  ash  of  tbe  more  combustible  tobaccos  is  comparatively 
rich  in  carbonate  of  potassiom,  showiog  that  in  thube  tobaccos  the  potash  is  in  combi- 
nation wilh  organic  acids ;  whereas  the  ash  of  the  less  combustible  tobaccoe  contains 
sulpbate  and  chloride  of  potaBainm,  togetlior  with  carbnnaie  of  calcium,  instead  of 
carbonate  of  potassium,  ehowing  that  in  these  tobacco*  the  organic  acids  an  combined 
with  lime.  A  slowly-buniiDg  tobacco  may  be  rendered  mora  combustible  by  adding 
to  it  an  oiganic  potassium-salt,  in  such  quantity  that  tiie  amount  of  potash  in  the  ash 
may  be  more  than  equivaleot  to  the  aulphuric  and  hydrochloric  acids  present;  and,  on 
the  other  hand,  the  comhualibility  of  tobacco  may  be  diminiiihed  by  mixing  it  with 
such  a  quantity  of  sulphate  or  chloride  of  niegncBinm,  calcium,  or  ainmonium,  (hat 
tbe  amount  of  hydrochloric  or  sulphuric  acid  in  the  ash  may  be  mure  than  equivalent 
to  the  potash,  so  that  the  ash  will  not  contain  any  potassic  carbonate.  (Schlo- 
sing.) 

Tobacco  always  contams  nitrates.  According  to  Schlosing.  those  salts  are  laoat 
abundant  in  the  midrib  of  the  leaf,  which,  in  different  varieties,  contains  from  0-15  (o 
ei  per  cent,  nitric  acid,  the  leaf,  deprived  of  its  midrib,  containing  from  0-02  to  2-0 
per  cent.  The  ready  inflammability  of  tobacco,  and  its  capability  of  buruiDg  with  a 
■mouldering  flame,  are  due,  in  great  part,  to  this  large  amount  of  nitrates. 

In  the  smoking  of  tobacco  an  imperfect  combustion  tohes  place,  one  part  of  (he  tobacco 
burning  in  contact  witi  the  air,  and  producing  by  its  combustion  a  quantity  of  heat 
tufficitnt  to  decompose  the  remainder  by  dcstructiTo  distillation,  producing  water  and 
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in  the  destractiye  distillation  of  coal  is  probably  dne,  in  like  manner,  to  the  reaction  of 
benzene  and  marHh-gas  at  the  momeDtof  their  elimination  from  certain  constituents  of 
the  coaL— «.  Toluene  is  found,  together  with  many  other  hydrocarbons,  in  Bangoon  tar 
(iv.  3). 

Toluene  is  most  advantagoously  prepared  from  coal-naphtha ;  in  fact,  the  coal- 
naphtha  now  occurring  in  commerce  consists  mainly  of  toluene  and  its  higher  homo- 
logues.  It  may  be  obtained  tolerably  pnre  by  collecting  the  portion  of  the  naphtha 
which  distils  betwf^en  100°  and  120°,  agitating  it  with  half  its  weight  of  strong  sul- 
phuric ucid,  and  roctifpng  it  repeatedly,  collecting  apart  the  portion  which  distils 
between  108°  and  110°. 

Toluene  hiis  a  npecific  gravity  of  0*8654  at  IS*'  (Mendelejef,  Jahresb.  1860,  p.  7) ; 
0-8824  at  0^,  0-8720  at  16°  (Warren,  ibid.  1866,  p.  626).  It  boils  at  1103° 
(corrected).     (Warren.) 

Toluene- vap>our  passed  through  a  porcelain  tube  heated  to  bright  redness,  is  decom- 
posed, yielding  uncondensable  gases  and  a  tArry  liquid,  which  may  be  resolved ,  by  two 
scries  of  rectifications,  into  benzene,  C*H' ;  unaltered  toluene,  C'll* ;  naphthalene, 
C'*H*;  benzyl,  C'*H'*,  and  a  hydrocarbon  apparently  isomeric  therewith;  anthracene, 
C'*H'*,  chrysene,  C'"I1'*;  and  hydrocarbons  of  higher  atomic  weight.  The  formation 
of  these  hydrocarbons  may  be  represented  by  the  equations  : 

Toluene.  Benxyl. 

Toluene.  Bensene.       Naphtha- 

lene. 

2C'H«     -     C»«H"  +   8H«. 
Toluene.  Anthra- 

cene. 

18CH»     =     7C»*H"  +   80H». 

Toluene.  Chrjsene. 

Or  the  chiysene  may  be  formed  from  benzene,  according  to  the  equation  SC'H'  » 
C"H'«   +   3H«.    (Berthelot,  Bull.  Soc.  Chim.  [1837],  i.  218.) 

Toluene  oxidised  with  dilute  nitric  acid  yields  oxytolic  acid,  C^*0*  (Fittig, 
ir.  321);  but  fuming  nitric  acid  converts  it  into  nitrodracylic  acid,  C^\NO')0*, 
isomeric  with  nitrobenzoic  acid  (iy.  60). 

DerivoHvea  of  Toluene. 

The  rational  formula  of  toluene,  C«H*.CH",  indicates  the  existence  of  two  series  of 
substitution-products,  according  as  the  hydrogen  of  the  phenyl-molecale,  or  of  the 
methyl-molecule,  is  replaced  by  other  radicles^  e.a. : 

C«H«C1.CH«  OH».CH«Cl 

M  ooochloroto-  Bensylic  chlo- 

luene.  ride. 

C^*(HO).CH«  C«H».CH«(HO) 

Cresol.  Beniflic  alcohol. 

C^*(NH«).CH«  C^».C:H«(NH») 

Toluidine.  Bentylamine. 

These  isomeric  derivatives  differ  considerably  fiom  one  another  in  their  properties. 
Those  in  the  left-hand  column,  formed  by  replacement  of  hydrogen  in  the  phenyl-molo- 
cule,  are  comparatively  stable  and  indifferent  compounds,  like  those  derived  in  like 
manner  from  benzene,  C^H* ;  whereas  those  in  the  right-hand  column,  formed  by  re- 
placement of  hydrogen  in  the  methyl-molecule,  are  more  active  bodies,  capable  of 
easily  exchanging  their  chlorine,  hydroxyl,  &c  for  other  radicles  by  double  decomposi- 
tion. Thus  benzylic  alcohol,  treated  with  hydrochloric  acid,  yields  benzylic  chloride; 
this  compound,  heated  with  alcohol  ammonia,  yields  bonzylamine  ;  the  chloride  is  also 
easily  converted  into  the  acetate,  cyanide,  &c.  by  treatment  with  the  corresponding 
potassium-salts.  In  short,  these  last-mentioned  toluene-derivatives  exhibit  reactions 
exactly  like  those  of  the  corresponding  compounds  of  the  fetty  series,  and  may,  in  like 
manner,  be  supposed  to  contain  an  alcohol-radicle,  C'li',  called  benzyl  or  tolyl,  and 
referred  to  the  water-type,  ammonia-type,  &c. :  e.a,,  benzylic  chloride  —  C'H'  CI  • 
beilzylic  alcohol  =r  C'H'.H.O  ;  benzylamine  =  C'HMI'.N,  &c.  ' 

Amldotoluene,  C'H»N  =  C'H'(NH«)  -  C-H\NH«).C!H«.  Syn.  with  Tolui- 
dine (p.  866).  *^ 

Asotoluenes.    See  Azotoluidikbs  (p.  867). 

BromotolaeoM.    (Glinzer  and  Fittig,  Ann.  Ch.  Phann.  ATrrii;   47;  cxxxvi. 
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titanate,  with  silics  at  a  high  temperature.  Devi  He  finds  also  (Compt.  rend.  lii.  186l\ 
that  the  amorphous  oxide  ia  conrerted  into  quadratic  CEystala  (like  ratile  or  anataie) 
by  ignition  in  hydrochloric  acid  gas ;  the  crystals  are  coloured  blue,  in  consequenM  of 
the  formation  of  a  small  quantity  of  a  lower  oxide.  Haute feuiile  (CompL  rend. 
Irii.  148;  Ix.  188;  Jahresb.  1863,  p.  212;  1864,  p.  213)  has  also  obtained  OTStml- 
lised  titanic  oxide  by  two  methods :  a.  By  decomposing  titanic  chloride  or  fluoride 
with  aqueous  vapour. — /3.  By  crystallising  amorphous  titanic  oxide  in  an  atmosphcrs 
hydrochloric  or  hydrofluoric  acid.  The  second  method  is,  however,  onhr  a  mouika- 
tion  of  the  first,  inasmuch  as  titanic  chloride  or  fluoride  is  first  fbrmed,  and  subse- 
quently decomposed.  Under  the  influence  of  hydrochloric  acid,  the  formation  of 
crystaUised  titanic  oxide  takes  place  only  at  very  high  temperatures,  and  the  crystals 
produced  have  always  the  form  of  rutile :  under  the  influence  of  hydrofluoric  acid,  cm 
the  contrary,  anatase  is  formed  at  the  lowest  red  heat,  brookite  at  a  somewhat  h^er 
temperature,  and  rutile  at  very  high  temperatures. 

Anhydrous  titanic  oxide  melts  only  at  the  heat  of  the  oxyhydrogen-blowpipe.  It  is 
completely  insoluble  in  water,  and  in  all  acids  excepting  strong  salphnric  acid.  Whca 
heated  in  the  pulverised  state  with  this  acid  till  the  excess  is  driven  ofl^  the  residse 
dissolves  in  water  after  cooling.  By  fusing  the  anhydrous  oxide  with  six  times  iti 
weight  of  acid  potassic  sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves  per- 
fectly in  warm  water,  forming  a  clear  solution. 

Potassium  and  sodium  reduce  titanic  oxide  at  a  red  heat,  forming  oxide  of  potassiiiis 
or  sodium,  and  a  black  mass,  which  does  not  acquire  metallic  lustre,  and  appears  to  be 
a  mixture  of  metallic  titanium  with  titanic  or  titanous  oxide. — CharcoaJ,  at  white  hest, 
reduces  titanic  oxide  to  the  metallic  state. — Carbonic  disulpkide,  at  a  strong  led  best, 
converts  titanic  oxide  into  sulphide  of  titanium,  with  simultaneoos  foxmation  of 
carbonic  oxide  and  carbonic  dioxide  (H.  Rose). — ^When  dry  chlvrine-^at  is  passed 
over  an  ignitiKl  mixture  of  titanic  oxide  and  charcoal,  titanic  chloriJe  is  prodoced 
(p.  837).  The  oxide,  fused  with  alkaline  carbonates,  yields  titanates  of  alkali-metaL— 
Ammonia-gas^  at  a  bright  red  heat,  reduces  titanic  oxide  to  violet  nitride  of  titanium, 
TiN*   (Eisner.) 

Titanic  Htdbatks  or  Acids. — There  appear  to  be  two  modificatioDs  of  titanic 
acid,  analogous  in  some  respects  to  stannic  and  metastannie  add. — «.  (hie  of  these^ 
called  titanic  acid,  is  precipitated  by  ammonia  from  the  solution  of  titanic  chloride. 
It  is  a  white  powder,  of  specific  gravity  3*8  to  3*93  according  as  it  has  been  exposed  to 
a  higher  or  lower  temperature.  When  heated,  it  assumes  a  transient  vellow  co/our, 
becoming  white  again  on  cooling.  Its  conversion  into  titanic  oxids^  at  a  higher  tempe- 
rature, is  attended  with  vivid  incandescence. 

Titanic  hydrate  dissolves  easily  in  sulphuric,  nitric,  and  hydroeUorie  acids,  even 
when  those  acids  are  rather  dilute ;  but  these  dilute  solutions,  when  boiled,  deposit 
metatitanic  hydrate  as  a  soft  white  powder,  which,  like  anhrdrons  titanic  oxide, 
is  quite  insoluble  in  all  acids,  excepting  strong  sulphuric  acid,  it  also  resembles  the 
anhydrous  oxide  in  not  exhibiting  incandescence  when  heated.  Titanic  hydrate,  pre- 
cipitated by  ammonia,  is  also  converted  into  insoluble  metatitanic  hydrate  by  wash- 
ing with  hot  water,  or  drying  at  a  high  temperature. — According  to  B.  Weber  (P^. 
Ann.  cxx.  287 ;  Jahresb.  1863,  p.  210),  a  recently  prepared  aqueous  solution  of  titamc 
chloride  is  not  clouded  by  sulphuric,  nitric,  or  hydrochloric  acid,  but  phosphoric,  arsenic, 
and  hydriodic  acids  give  precipitates  with  it  immediately,  and  acid  potassic  chromate 
after  some  time.  If,  however,  the  same  solution  be  heated  to  the  boiling-point  for  only 
a  few  seconds,  it  immediately  yields,  with  hvdrochloric,  nitric,  sulphuric^  hydrofluoric^ 
and  even  organic  acids,  a  white  precipitate  of  metatitanic  hydrate,  and  with  dichromats 
of  potassium  an  immediate  orange-yellow  precipitate.  The  precipitated  metatitanic 
hydrate  dissolves  completely  in  a  large  quantity  of  water,  after  the  supernatant  add 
has  boon  poured  off,  and  is  reprecipitated  from  the  solution  by  adds.  Metatitanic 
acid  is  also  produced  by  oxidising  metallic  titanium  with  nitric  acid  of  specific  gravity 
1-26.     (Weber.) 

Titanic  hydrate  dried  over  oil  of  vitriol,  has,  according  to  H.  Rose,  the  composition. 
IirriO*.  or  H*O.TiO',  but  always  contains  a  little  ammonia  which  cannot  be  removed 
by  washing.  According  to  Merz  {loc.  cU.\  titanic  hydrate,  after  drying  in  the  air  for 
twenty-four  hours,  contains  n'TiO».2II''0 ;  after  drying  for  several  weeks,  HTiO*  JPO. 
VThen  dried  over  oil  of  vitriol,  it  quickly  loses  1  at.  water;  and  after  being  left  far 
some  time  over  oil  of  vitriol,  or  dried  at  60°,  it  contains  8H*TiO".TiO*,  and  finally, 
after  drying  at  100®,  Hn'iO'.TiO". 

Metatitanic  acid,  deposited  from  its  solution  in  sulphuric  acid  on  boiliiiffj^eontains, 
after  prolonged  dr}*ing  in  the  air,  or  for  twenty-four  hours  over  oil  of  vitriol,  jBPTiO*;  at 
60°  it  contains  H»TiO«.TiO» ;  at  100<>,  H»TiO».2TiO« ;  at  120^  H«TiO".3TiO« ;  at  160^ 
iI*TiO'  4TiO'.  In  short,  metatitanic  acid  gives  up  its  water  more  easily  than  tituie 
acid.    (Merz.) 
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Limpricht,  ibid,  cxxxiv.  55,  cxxxv.  80;  Bull.  Soc.  Chim.  1866,  ii.  468.) — This 
Bubstance,  analc^us  in  composition  and  properties  to  chloroform,  was  discovercl,  in 
1848,  by  Schischkoff  and  Rosing,  who  obtained  it  by  the  action  of  phosphoric  penta- 
chloride  on  benzoic  chloride,  to  which  it  is  related  in  the  same  manner  as  chloro- 
benzol  to  benzoic  hydride : 

C«H».C0C1  +  Pa»     «     C«H».CC1«  +  P0C1«. 

Benioic  Benio- 

chloride.  trichloride. 

To  prepare  it,  benzoic  chloride  is  heated  with  pentachlorido  of  phosphorus  to  1S'>° 
for  48  hours.  It  is  also  formed  by  the  action  of  chlorine  on  chlorobenzol.  (Caho  n  ra^.) 
Benzotri chloride  is  a  liquid  smelling  like  benzoic  chloride,  and  boiling  at  21.i^  — 
218°.  It  is  insoluble  in  water,  by  which,  however,  it  is  converted  (slowly  in  the  cold, 
quickly  at  140°)  into  benzoic  aCid. — Sodium  does  not  act  u^n  it,  even  at  the  boilinif 
heat. — Dry  «/wT-oaru£f  converts  it  into  benzoic  anhydride;  with  silver-oxide  xnoiHtened 
with  alcohol,  it  forms  benzoic  acid  and  benzoic  ether.  When  heated  with  alcohol  to 
130°,  it  likewise  yields  benzoic  acid,  according  to  the  following  equation  : 

CWCV  +   3(C»H».H.O)     «     C'H«0«  +   3C«H*C1   +  H«0. 

Sulphydratc  of  potaasium  in  alcoholic  solution  acts  upon  it,  with  evolution  of  heat, 
fbrraing  a  crystallisable  sulpho-compound,  not  yet  investigated. 

Benzotrichloride  heated  to  140°,  with  aqueous  ammonia^  yields  a  lai^  quantity  of 
beuzonitrile,  behaving  in  this  respect  just  like  chloroform : 

C-n»Cl»   +   NH»     =     C»H»N  +  3HC1. 

It  also  reacts  like  chloroform  with  ethylate  of  sodium^  forming  a  oompouDd  (boiling 
at  220° — 225°),  analogous  to  the  so-called  tribasic  formic  ether : 

CH^Cl*  +   3C«H»NaO     -     3NaCl    +   [ciHir|o». 

With  acetate  of  silver ^  it  forms,  in  the  first  instance,  a  compound,  C*'H"0*,  which 
may  bo  regarded  either  as  an  acetyl-compound  (Qiu%r\\t\0\  analogous  to  the  ethylic 
ether  just  mentioned,  or  as  a  compound  of  acetic  and  acetobenxoie  anhydride. 
r^TT'O  [  ^  *  r^H^O  [  ^'  ^^^  body  decomposes  easily,  apparently  with  separation  of 
acetic  anhydride,  and  leaves  a  crystalline  compound,  which  has  the  composition  of  aocto- 
benzoic  anhydride,  qtjtsq  [  0,  and  separates,  after  a  while,  into  acetie  and  benzoic  an- 
hydrides.    (Limpricht.) 

(CnP)**) 

With  anUine,  benzotrichloride  forms  a  base,  C'»H»»N«  =  (C*H»)«  IN«,  which  yields 

H    J 

crystallisable  salts.    (Limpricht) 

Tethachlorotolxjenk,  C'H*C1*,  and  its  isomers. — A  body  having  this  com- 
position, and  probably  consisting  of  trichlorobenzylic  chloride,  C*H-C1*.CITO1,  is  found 
among  the  products  of  the  action  of  chlorine  on  toluene.  It  forms  needles,  melting  at 
96°,  and  boils  without  decomposition  at  276*^.  It  is  not  decomposed  by  heating  with 
water  to  230°.     (Limpricht.) 

CMorobenzoic  trichloride,  C*H*C1H*.CC1*,  the  analogue  of  the  true  chlorobonzoie 
acid,  is  produced  (together  with  benzotrichloride)  by  the  action  of  phosphoric  pi-nta- 
chloride  on  chloride  of  benzoyl.  It  is  a  liquid,  boiling  at  250°,  not  solidifying  at  0-, 
and  convert<'d  into  chlorobenzoic  acid  by  heating  with  water  (Limpricht).  Identical 
with  this  is  the  tetrachloride,  which  was  found  by  Kam merer  and  Carins  (Ann. 
Ch.  Pharni.  cixx.  158)  among  the  products  of  the  action  of  phosphoric  pentachlorid*^ 
on  chloride  of  benzoyl ;  also  that  which  Cah ours  obtained  (i//u/.  Suppl.  ii.  25M  by 
the  notion  of  chlorine  on  chlorobenzol.  Kolbe  and  Lautemann  {ibid.  cxv.  195).  br 
distilling  salicylic  acid  with  pontachloride  of  phosphorus,  obtained  a  tetrachloride 
isomeric  with  the  procefiing,  and  perhaps  consisting  of  C*H*C1H.CCI*.  It  mclti-d  at 
30^,  and,  when  heated  with  water  to  150°  was  converted  into  chlozosalylic  add, 
isomeric  with  chlorobenzoic  acid.    (See  p.  1 85.) 

Pentachlorotolukne,  C'lI'Cl*. — A  bodv  having  this  composition  is  said  by 
Limpricht  to  be  obtained,  to;:ether  with  previously  described  products,  by  the  action  of 
phosphoric  pentachlorido  on  chloride  of  benzoyl. 

IlRXCHLonoTOLUEXR,  C^irCl*. — A  body  of  tliis  composition  was  obtained  by 
Devil  le  (Ann.  Ch.  PlKimi.  xliv.  304)  as  the  final  pnxluct  of  the  action  of  chlorine  on 
toluene  (from  tolu-balsam).     A  bo<^ly  of  the  same  eomposilion,  and  perhaps  identical 
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but,  accoitiing  toJaworsky  (Jahresb.  1866,  p.  642),  a  purer  product  may  be  obtained 
by  dissolving  ordinary  nitrotoluene  in  fuming  sulphuric  acid,  and  treating  the  product 
with  water,  whereupon  nitrotoluene-sulphuric  acid  (p.  860)  remains  dissolred,  and  pure 
nitrotoluene  is  precipitated  ;  also  by  redistilling  the  ordinary  product  of  the  action  of 
nitric  acid  upon  toluene,  and  collecting  the  portion  whidi  distils  below  240®.  It 
separates  from  alcohol,  in  white  shining  crystals,  which  melt  at  64**,  and  distil  without 
decomposition  at  238^^. 

Chloronitrotoluene,  C*1P(N0')C1.CH*,  is  formed  by  the  action  of  fuming  nitric  add 
upon  chlorotoluene.  The  isomeric  compound  nitrobenzylic  chloridey  C*H*(NO').CH^, 
is  formed  in  like  manner  from  benzylic  chloride.  It  crystallises  from  ^cohol  in  fine 
colourless  laminae.     Chromic  acid  converts  it  into  nitrodracylic  acid. 

Benzylic  chloride,  treated  with  fuming  nitric  acid,  likewise  yields  an  oily  liquid, 
slightly  soluble  in  alcohol,  which  has  not  been  much  examined.  This  liquid,  treated 
with  chromic  acid,  also  yields  nitrodracylic  acid.  (B oils tein  and  Gheitner,  Boll. 
Soc.  Chim.  [1866],  ii.  469.) 

7rin>trotoluene,  C^*(NO')*,  is  obtained  bv  keeping  toluene  in  a  state  of  gentle 
ebullition  with  fuming  nitric  acid  for  several  days,  and  precipitating  with  water.  It 
forms  white  needles,  which  melt  at  82°,  are  yery  slightly  soluble  in  cold,  easily 
soluble  in  boiling  alcohol  and  in  ether.  It  is  isomeric  with  chrysanisic  add. 
(Wilbrand,  Ann.  Ch.  Pharm.  cxxviii.  178.) 

OzytoUo  A.old,  C^H'O'. — An  acid  isomeric  with  oxybenzoic  and  salicylic  adds, 
produced  by  oxidising  toluene  with  dilute  nitric  acid  (iv.  321). 

Sulphur-derivatives  of  Toluene,  and  Compounds  isomeric  toith  them. 

Marcker  (Ann.  Ch.  Pharm.  cxxxvi.  79;  Jahresb.  1866,  p.  643)  has  obtained  a 
toluonic  sulphydrato  analogous  to  cresol,  and  the  isomeric  compound,  benzylic  sulphy- 
drate,  analogous  to  benzylic  alcohol ;  also  toluenic  disulphide,  and  the  corresponding 
benzylic  disulphide;  and  benzylic  protosulphide,  to  which  no  corresponding  toluene- 
compound  has  yet  been  produced. 

Benzylic  Sulphydrate,Om*^=^^'^\^^  C«H*.CH*(SH),  is  obtained  by  mixing 

an  alcoholic  solution  of  potassic  sulphydrate  (or  sulphocarbonate)  with  chlorotoinene 
or  bromotoluene  (?  benzylic  chloride  or  bromide),  adding  water  after  24  hours,  and 
rectifying  the  oil  thereby  precipitated  (Marcker,  Ann.  Ch.  Pharm.  cxxxvi.  75 ; 
Jahresb.  1865,  p.  643).  It  is  a  colourless  strongly  refractive  liquid,  having  a  dis- 
agreeable alliaceous  odour,  and  makes  the  eyes  water.  It  has  a  specific  grayity  of 
1*058  at  20°,  and  boils  at  194° — 195°.  It  decomposes  mercuric  oxide<,  forming  the 
compound  C'*H'*Hg''S*,  which  crystallises  from  hot  absolute  alcohol  in  long  needles. — 
With  mercuric  chloride,  in  alcoholic  solution,  it  forms  a  precipitate  containing 
C'*H**ng"S*.Hg"Cl'. — With  acetate  oflexid^  in  alcoholic  solution,  it  forms  a  crystalline 
precipitate  of  plumbobenzylic  sulphydrate,  C'^H'^Pb^S;  with  silver-  and  cadmium- 
saltSf  white  precipitates;  with  nickel-  and  copper-salts^  green  predpitatos  ;  and  with 
iron-,  cobalt-^  platinum-,  and  gold-salts,  brown  precipitates.  Benzylic  sulphydrate  is 
converted,  by  exposure  to  the  air,  into  benzylic  sulphide  (p.  869). 

Toluenic  or  Metabeneylic  Sulphydrate,  C«H*(SH).CH».  (Marcker,  loc. 
cit. — Jaworsky,  Jahresb.  1865,  p.  542.) — This  compound,  isomeric  with  the 
preceding,  is  prepared  by  distilling  toluene-sulphochloride,  C'H'S0*C1  (p.  859), 
with  zinc  and  dilute  sulphuric  acid.  It  then  passes  over  with  the  vapour  of 
water,  while  the  less  volatile  toluenic  sulphide  remains  behind.  It  crystallises 
very  easily  from  ether,  in  large  white  laminfe,  unctuous  to  the  touch,  and  having 
a  peculiar  odour.  It  is  very  soluble  in  ether,  sparingly  soluble  in  alcohol,  in- 
soluble in  water;  melts  at  42*6^  to  43*^,  volatilises  easily  with  vapour  of  water,  and 
distils  by  itself  without  decomposition.  The  alcoholic  solution  becomes  heated  in 
contact  with  mercuric  oxide,  and  forms  the  compound  C'*H"Hg''S*,  which  crystallises 
in  laminre  having  a  satiny  lustre ;  with  mercuric  chloride,  it  forms  the  compound 
C'*W*H^"S\Ug"C\\—lA'ad-salts  throw  down  the  compound  C"H»*Pb"S«,  in  orange- 
yellow  flocks. — Silver-salts  form  a  siskin-green,  plaiinic  chloride  an  orange-yellow, 
auric  chloride  a  light-green,  nickel-salts  a  green,  opper-salls  a  green,  and  chloride  of 
cobalt  a  violet  precipitate.  Toluylenic  sulphydrate  dissolves  in  warm  concentrated 
sulphuric  acid,  with  evolution  of  sulphurous  anhydride,  forming  a  deep-blue  solution, 
from  which  water  throws  down  a  reddish  resinous  body,  redissolved  with  blue  colour 
by  sulphuric  acid.    Benzylic  sulphydrate  does  not  exhibit  this  reaction.     (Marcker.) 

Benzylic  sulphydrate  is  oxidised  by  strong  nitric  acid,  forming  sulphuric  acid,  benzoic 
hydride,  and  small  quantities  of  other  products.  Toluylenic  sulphydrate,  on  the  other 
hand,  when  added  to  nitric  acid  of  specific  gravity  1-3,  is  converted  into  toluylenic 
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an  equal  weight  of  phosphoric  pcntachloride,  and  repeatedly  washing  the  product  inth 
water.  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  and  benzene,  and 
separates  from  ether  in  beautiful  rhombic  plates,  or  sometimes  in  large  prisms.  It 
melts  at  68° — 69°,  and  boils,  with  almost  complete  decomposition,  at  260^. 

It  is  scarcely  attacked  by  water  in  the  cold,  but  is  slowly  decomposed  on  boiling, 
and  quickly  when  heated  with  it  in  a  sealed  tube  to  a  temperature  above  100^,  yield- 
ing hydrochloric  and  toluene-sulphuric  Ckcids.  The  same  decomposition  is  produced 
by  prolonged  boiling  with  alkalis  in  aqueous  solution,  rapidly  in  alcoholic  solution. 
The  chloride  acts  gradually  upon  alcohol,  oven  in  the  cold,  forming  ethyltoluene- 
sulphate.  With  aqueous  ammonia  and  solid  ammonium-carbonate,  it  easily  forms 
toluene-sulphamide.  When  a  solution  of  toluene-sulphochloride  in  pure  and  dry 
ether  is  treated  with  sodium-amalgam,  toluene-sulphurous  acid  is  produced.  The 
chloride,  treated  with  zinc  and  dilute  sulphuric  acid,  yields  toluenc-sulphydrato. 

Tuluene-Bulphochloride  dissolves  without  alteration  in  a  mixture  of  nitric  and  sul- 
phuric acids,  and  is  not  attacked  by  strong  nitric  acid,  even  at  the  boiling  heat  When 
distilled,  it  gives  ofif  sulphurous  anhydride,  and  yields  a  liquid  distillate,  probably 
consisting  of  monochlorotoluene. 

TonrBvu-sfrxiVBinucc,  ToxiVO^-suXiPBintzc,  or  8inbPBOTO»rzc 

xliy.  306. — Church,  Jahresb.  1856,  p.  634. — Fittig  and  Tollens,  Ann.  Ch.PhaTm. 
cxxzi.  310. — Marcker,  iWc?.  cxxxvi.  86. — Jaworsky,  Zeitschr.  f.  Chem.  1865,  p. 
220. — Otto,  ibid.  1866,  p.  656.) — This  acid,  already  partly  described  as  Benztlsul- 
FHUROUs  Acid  (p.  563),  was  discovered  by  Deville,  who  obtained  it  by  the  action  of 
fuming  sulphuric  acid  on  toluene  from  tolu-balsam.  It  was  afterwards  prepared  in 
like  manner  by  Church,  though  in  an  impure  state,  from  the  toluene  of  coal-tar ;  and  by 
Fittig  and  Tollens  from  synthetically-formed  methylbenzene  or  phenyl-methyl  (iv. 
486).  Otto  obtained  it  by  oxidation  of  toluene-sulphurous  acid,  and  Marcker  pro- 
duced it,  together  with  nitrotoluenc-sulphuric  acid,  by  treating  toluene-sulphydrate 
with  nitric  acid.     A  few  of  its  salts  have  been  examined  by  Jaworsky. 

The  barivm-salf,  C'*H'*Ba''S*0*,  obtained  by  dissolving  toluene  in  fuming  sulphuric 
acid,  neutralising  with  water  after  a  few  days,  and  saturating  with  carbonate  of 
barium,  forms  crystals,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol. — 
The  lead-salt^  C**H**Pb"S'0*,  usually  forms  nodular  crystalline  masses,  but  may  be 
obtained,  by  slow  evaporation,  in  needle-shaped  crystals ;  it  is  easily  Mlable  in  water 
and  in  alcohoL 

Ethylic  toluene-sulphate,  C'H'.S0*(C*H*),  is  easily  produced  by  the  action  of  toluene- 
Bulphochloride  or  toluene-sulphobromide  on  alcohoL  It  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether,  and  crystallises  in  fine  thick  prisms,  which  melt  at  32^. 

Amidotoluene-sulphuric  AcidtC^\'NW).SO*B..  Syn.withSuLPHOTOLTLAMic 
€»r  Benztlsulphamic  Aan.    (See  Sulphitbous  Ethebs,  p.  627.) 

Nitrotoluene-sulphuric  Acid,  C'R'QifO^.SOm  =  C^H^NO*) | Sq™— There 

appear  to  be  two  modifications  of  this  acid,  the  one  produced  from  nitrotoluene  by 
the  action  of  fuming  sulphuric  acid,  the  other  by  that  of  nitric  acid  on  toluene- 
sulphydrate,  being  evidently  formed  by  the  nitration  of  toluene-sulphuric  acid.  But 
the  two  acids  have  not  been  sufficiently  examined  to  render  their  separate  existence 
a  matter  of  certainty. 

NUrotoluene-siUphuric  acid  is  produced  by  treating  toluene-sulphydrate  with  nitric 
acid,  of  specific  gravity  1-3,  and  remains  in  solution,  while  toluene-disulphide  crystal- 
lises out  (p.  859).  By  evaporating  the  solution,  it  is  obtained  in  deliquescent  crystals. — 
Its  baHum-salt,  [C'H«(N02)SO»]«Ba".2H'0,  forms  colourless,  transparent,  four-sided 
tablets,  which  dissolve  easily  in  hot,  slightly  in  cold  water,  are  insoluble  in  alcohol, 
and  give  off  their  water  of  crystallisation  at  110°.— The  lead-salt,  [C'H«(N0')SO']'Pb'*. 
4H*0,  forms  transparent,  very  bulky,  crystalline  laminae.     (Marcker.) 

Paraniirotoluene-sulphuric  acid  is  produced  by  gently  heating  nitrotoluene  with  fum- 
ing sulphuric  acid.  Its  barium-salt  forms  shining  pale-yellow  crystals,  which  contain 
[C'H«(N0')S0«]»Ba".3H'0,  and  give  off  their  water  at  llO^.  (Church;  Jawor- 
sky.) 

TOX.irSVB-8inPBimOV8  ACZB.    C'H'.S0«H  «  C«H*|^^,^-— ^^^^"^- 

phurous  or  Bemt/lsvlphurotts  Hydride,  (Otto,  Zeitschr.  f.  Chem.  1866.  p.  666.) — 
This  acid  is  obtained,  similarly  to  the  homologous  compound  benzene-sulphurous  acid 
or  phenylsulphurous  hydride  (p.  664),  by  treating  toluene-sulphochloride,  dissolved  in 
ether  free  from  water  and  alcohol,  with  sodium-amalgam,  and  decomposing  the  result- 
ing sodixim-salt  with  hydrochloric  acid,   [At  the  same  time  there  is  formed  a  secondary 
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obtained  perfectly  pure  (Krant). — ^The  toluic  acid  is  the  purer  the  weaker  tbe  nitiie 
ac'id,  aod  the  more  slowly  the  difltillation  is  conducted ;  stronger  acid  actii  violeatlj, 
and  forms  nitrotoluic  acid,  which  is  difficult  to  separate.  In  order  to  eflEect  the  s<»n» 
ration,  the  mixture  is  first  freed  from  nitric  acid  and  a  yellow  resin,  bj  boiling  with 
milk  of  lime  ;  the  filtered  solution  of  the  calcium-salt  is  then  precipitatexi  bj  hydrochloric 
or  nitric  acid ;  the  precipitated  acids  are  dissolved  in  baiyta-water,  and  evaporated  oa 
a  water-bath ;  the  residue  is  treated  with  water ;  the  solution  filtered  from  the  nitro- 
toluate  of  barium,  which  is  difficultly  soluble,  is  next  evaporated,  again  treated  with 
cold  water,  and  filtered ;  and  this  treatment  is  repeated  till  no  more  nitrotoluate  ui 
barium  separates  out ;  the  liquid  is  then  precipitated  by  an  acid,  and  the  prodnct  ia  ie» 
crystallised.     (N  o  a  d. ) 

2.  From  xylene. — The  hydrocarbon  is  oxidised,  as  in  the  preceding  process,  with 
nitric  acid  diluted  with  five  or  six  times  its  bulk  of  water,  and  the  product  is  £re«d 
from  the  small  quantity  of  nitrotoluic  acid,  formed  at  the  same  time,  by  diatillatioQ  and 
treatment  with  sulphide  of  ammonium.     (Beil stein  and  DeSchepper.) 

3.  From  toluene. — Bromotolucne,  mixed  with  toluene,  is  introduosd  into  a  ]oiig>- 
necked  flask,  provided  with  an  upright  condensing-tube ;  sodium,  in  quantity  rather 
greater  than  that  required  by  theory,  is  added  in  small  pieces ;  the  whole  is  heated  in 
a  water-bath ;  and  a  stream  of  carbonic  anhydride  is  passed  into  the  vessel  for  24  to 
48  hours.  The  sodium  soon  becomes  covered  with  a  blue  crust,  and  is  converted  into 
a  pasty  mass  of  the  same  colour.  As  soon  as  the  reaction  is  finished,  the  product  is 
treated  with  water ;  the  solution  is  filtered,  to  separate  oily  matters,  consisting  of  im- 
altered  toluene  and  bromotoluene,  together  with  secondary  products ;  and  the  filtered 
solution  of  8odium-toluate  is  acidulated  with  hydrochloric  acid,  to  precipitate  the  toloie 
acid.     (Kekul6.) 

Properties. — Toluic  acid  is  precipitated  from  the  solutions  of  its  alkaline  salts  by 
acids,  as  a  white  curdy  mass,  which  appears  crystalline  under  the  microscope.  It  is 
very  soluble  in  boiling  water,  and  crystallises  therefrom  in  needles  on  cooling.  It  dis- 
solves very  readily  also  in  alcohol  and  ether.  When  pure,  it  is  tasteless  and  inodorous. 
It  melts  at  a  temperature  above  100^  (at  175^  to  175*5°,  according  to  Keknl^),  and 
sublimes,  without  decomposition,  in  fine  needles. 

Decompositions. — Toluic  acid,  heated  with  lime  or  baryta,  is  resolved  into  toluene 
and  carbonic  anhydride  :  C*H*0*  ■■  CH*  -f  CO*. — When  boiled  for  some  time  with 
strong  nitric  acid,  it  is  converted  into  nitrotoluic  acid. — By  distillation  with  penta- 
chloride  of  phosphorus,  it  yields  toluic  chloride,  OH'OCl  (Cahonrs). — When  intro- 
duced into  the  animal  organism,  it  passes  into  the  urine  as  tolnric  add  (p.  868). 

A  mixture  of  toluate  and  formate  of  calcium  yields  by  distiUatioo,  tohiic  aldehyde, 
C'H*0  (Cannizzaro.p.  864): 

C"H'^Ca"0«  -f   C^H«Ca"0*     -     2C»H»0   +  2Ca''C0«. 

Toluate  of  Forrnate  of  Toluylic 

calcium.  calcium.  alUehyUe. 

Toluates. — ^Toluic  acid  is  monobasic,  and  its  salts  are  mostly  ciystalline ;  they  have 
not,  however,  been  much  examined.^  The  ammonium-salt  forms  small  prisms. — ^The 
barium-salt,  C'*H'*Ba"0*,  obtained  by  neutralisation,  forms  confosed  crystals. — ^Ths 
calcium-salt,  C'*H'*Ca"0*,  separates  from  its  concentrated  aqueous  solution  in  long 
shining  needles. — The  cupric  salt,  C"H'^Cu"0^,  is  deposited,  on  mixing  the  potassium- 
salt  with  cupric  sulphate,  as  a  blue  precipitate,  slightly  soluble  in  water. — The  pota»' 
sium-salt,  obtained  by  neutralisation,  forms  long  shining  needles. — ^The  silper-stJtt 
CH'AgO',  is  obtained,  by  double  decomposition,  as  a  curdy  precipitate,  crystaUisiBg 
f^om  hot  water  in  small  needles. — The  sodium-salt  is  more  soluble  than  the  potas- 
sium-salt, and  does  not  crystallise. 

Derivatives  of  Toluic  Acid, 

loDOTOLuicAciD,  C*H'IO*. — Produced  by  the  action  of  hydriodic  acid  on  dia«>- 
tolu-oxytoluamic  acid  (iv.  322).  It  forms  white  laminae  or  needles,  slightly  soluUs 
in  water,  freely  in  alcohol  or  ether.     (Grioss.) 

NiTnoTOLUicAciD,  C*H'(NO*)0*.— This  acid  is  easily  produced  by  boiling  toluie 
acid  with  strong  nitric  acid.  It  may  also  be  prepared  directly  from  cymcne,  by  boiling 
that  hydrocarbon  with  the  strongest  fuminff  nitric  acid,  as  long  as  red  fiomes  are 
t^volved.  The  residue  deposits  a  large  quantity  of  crystals  on  cooling,  and  gives  a  con- 
sidenible  precipit^ite  when  tri^ated  with  water;  the  whole  mass  is  then  washed  on  a  filter 
with  cold  water,  then  digested  with  ammonia  and  filtered,  whereby  a  little  oily  matter 
is  separated.  The  filtrate  is  decomposed  with  hydrochloric  add;  the  precipitated 
nitrotoluic  acid  is  wai^hed  with  water,  dried,  dissolved  in  hot  alcohol,  and  boiled  with 
animal  charcoal ;  and  the  filtrate  is  left  to  evaporate. 

Nitrotoluic  acid  forms  beautiful  pale-yellow  rhombic  prisms,  slightly  sohible  in  eold 
water,  soluble  in  hot  alcohol. 
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TOLUIDES— TOLUIDINE.  865 

"By  hf'.iting  toluidino,  rosaniline,  and  other  bases  with  bittor-almond-oil,  compounds 
Arc  obtrtincd,  denved  from  the  original  compound  by  substitution  of  1  at.  toluidcne  for 
2  at.  hydrogen. 

(C'H*)"  ^ 
Bcnzylidaie-roBanilinet  (C-"I£'*)**  LN',  is  a  copper-coloured,  crystalline,  feebly  basic 

H       » 
compound,  obtained  by  heating  rosanilinc  with  bitter-almond-oil  to  100®  or  120** 
(Schiff,  Compt.  rend.  Ixv.   45).     The  other  substitution-products,  just  mentioned, 
will  be  described  under  Tolvidixe  (p.  867)  and  Toltlbnb-diasiinb  (p.  872). 

TOZiirZDBS.  Compounds  homologous  with  the  anilides  (iv.  419),  derived  from 
toluidine-salts  by  abstraction  of  water,  or  from  toluidine  by  substitution  of  an  acid- 
radicle  fur  hydrogen,  and  produced  in  many  instances  by  heating  toluidine  with  acids ; 
e.g.: 

C^H'O.H.O  +   C'H'.NH«  -  H»0     =     C'H«(C-H«0).Nn«. 

Acetic  acid.  Toluidine.  Acetotoluide. 

Thoy  may  be  regarded  as  amides  containing  the  radicle  tolyl  or  benzyl;  e.g.^  aceto- 
toluide  —  tolylacetamide,  C'H'  VN.  See  Toltuicbtaiiidb,  ToLVLBEiiZAMiDE,  &c. 
(pp.  871.  872). 


C'H»N«  =  Amidotolufne,C'W{l^W).—k  crystalline  base,  produced 
by  the  reducing  action  of  sulphydric  acid  or  ferrous  acetate  on  nitrotoluene.  It  has 
been  alrea<iy  described  as  Bbnztlamine  (i.d7d);  but  Cannizzaro  has  shown  that  a  haso 
having  the  same  composition  but  different  properties,  is  formed  by  the  action  of  alco- 
holic ammonia  on  benzylic  chloride  (p.  867).  The  compound  thus  formed  is  a  true 
ammonia-base  or  amine,  and  is  properly  designated  as  bonzylamine  or  tolylamine, 

and  represented  by  the  formula    tt^  [  N  ;  whereas  the  base  obtained  by  reduction  of 

nitrotoluene  is  rather  to  be  regarded  as  amidotoluene  or  toluidine,  C'H'(NH*). 

Fri-j>ar<Ui(m.  (See  i.  67o). — For  preparing  toluidine  on  the  large  scale,  Hugo 
Hiiller  (Zeitschr.  f.  Chem.  1864,  p.  161 ;  Jahresb.  1864,  p.  423^  converts  commer- 
cial toluene,  boiling  at  108^  to  114°  (pure  toluene  boils  at  111°),  into  nitrotoluene,  by 
pouring  a  mixture  of  nitric  and  sulphuric  acids  into  it  in  a  slow  stream  (if  the  action 
E>ecome8  too  rapid,  dinitrotoluene  is  also  formed),  and  reduces  this  product  with  iron 
p.nd  acetic  acid.  The  crystalline  toluidine  thus  obtained  is  freed  from  adhering  liquid 
base  by  drenching  it  with  the  portion  of  American  petroleum  or  Burmese  naphtha, 
whieh  l)oil8  between  80°  and  100°  (chiefly  heptylic  hydride),  and  finally  recirstallising 
it  from  this  hydrocarbon.  £.  Sell  (Chem.  Soc  J.  xvi.  186)  prepares  toluidine,  in 
considerable  quantity,  from  that  portion  of  the  residue  of  the  aniline  manufacture 
(queues  (Taniiine),  which  boils  below  270^  (the  higher  portions  containing  paraniline, 
&c.,  iv.  352).  This  liquid  is  distilled  in  a  large  copper  retort  provided  with  a  long 
condensing-tube  not  cooled ;  the  portion  of  the  distillate  boiling  between  180^  and 
230°  is  subjected  to  fractional  distillation  ;  the  several  portions  of  the  distillate  are 
treated  with  a  hot  solution  of  oxalic  acid  ;  and  the  sparingly  soluble  oxalate  of  tolui- 
dine is  decomposed  by  potash-ley  as'soon  as  a  sample  of  the  base  separated  by  ammonia 
solidifies  at  once.  The  brown  toluidine  thus  separated,  which  crystallises  on  cooling,  is 
washed  with  water,  pressed  between  paper,  and  distilled.  It  passes  over  between  198° 
and  200°,  and  solidifies  in  the  receiver  in  snow-white  crystals,  which  gradually  turn 
brown  in  contact  with  the  air.     (Sell.) 

Toluidine  boils  at  205° — 206°,  under  a  pressure  of  730  mm.  (Stadeler,  J.  pr. 
Chem.  xcvi.  65.) 

lieat'fkms. — Toluidine  is  absolutely  incapable  of  neutralising  dilute  sulphuric  acid 
(Wacklyn,  Jjahoratory^  i.  3).  When  mo<lerately  heated  with  fuming  sulphuric  acid^ 
it  forms  tolylsulphamic  or  sulphotolylamic  acid,  C'H'NSO"  (p.627  ;  Sell, 
he.  cit.). — An  aqueous  solution  of  sulphate  of  toluidine  mixed  with  cyanate  of  fotas- 

(CO)" 
«m;n,  deposits  white  needles  of  monotolylcarbamide,   C'H' 

divided  toluidine  combines  rapidly  with  dhylic  cyanate,  forming  tolyl-ethylcarba- 

eo)'^ 


■N«(Scll).   Finely. 
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carbonic  disulphide,  forms  ditolyl8ulphocarbamide,(C'H')'[N*.    (Sell.) 

Tolaidino,  fused  with  an  equal  weight  of  succinic  acid^  forms  tolylsnccinimide, 

(C*H*0'y'\ 
^^C'E''^"!^'  and  ditolylsuccinamido,   (C'H')« 

# 

A  mixture  of  toluidine  and  acetic  acid,  treated  with  trichloride  of  pkaepk&nu,  yiel& 
cthenyl-ditoluidine,*C'«H"'N«(IIofmann;  see  p.  867).— With  bcnsoie  hfiriia 
(bitter-almond-oil),   toluidine    forms    dibcnzylidene-tolylaminc,  C'fl^X*  - 

N«(C'H«)«(CaiO«  (Schiff,  Jahrcsb.  xviii.  429).— With  mtinone  9,nd  ffrehi^mmttwrne, 
toluidine  forms  compounds  homologous  with  those  produced  by  aniline  (Hofmami, 
iv.  426). — A  mixture  of  1  at.  hydrochlorato  of  toluidine  and  1  at,  azvlnnrfne  is  con- 
verted (at  230°)  into  a  black  mass,  containing,  together  with  unaltered  tolaidine,  a  rabj- 
rod  colouring-matter  soluble  in  hot  water,  a  violet  substance  somewhat  leee  soluble  in 
water,  and  a  blue  substance  soluble  in  alcohol. — With  nitrobenzene,  in  like  macner,  a 
tarry  grconish  mass  is  formed,  which  does  not  contain  any  colouring-matters  (Stade- 
ler,  Jahrcsb.  1865,  p.  409).— Toluidine  heat«i  with  half  its  weight  of  acetate  of  rota- 
niiine,  forms  tritolyl-rosaniline  or  toluidine-blue,  C»H'«(CrH')"N».  (Hof- 
mann,  iv.  472.) 

Cyanotoluidine,  C"H*N*  (i .  676),  is  resolved,  by  evaporation  of  its  hydrochlorat*, 
similarly  to  cyaniline  (iv.  443),  into  sal-ammoniac,  hydrochlorate  of  toluidine,  Otzamide, 
monotoly loxamide,  and  ditoly loxamide.   (Sell.) 

Derivatives  of  Toluidine  containing  Mcohol'tadieles, 

PHENTLTOLriDiNE,  CH^N  -  C'n\C«H*).NII«.--This  base,  which  Hofinann 
obtained  by  the  dry  distillation  of  a  salt  of  tritolyl-rosaniline  (iv.  472),  is  likewise  pro- 
duced, together  with  diphenylamine  and  ditolylamine,  by  heating  hydrochlorate  of 
toluidine  with  aniline,  or  hydrochlorate  of  aniline  with  toluidine.  The  three  bases 
may  be  separated  by  fractional  distillation,  but  the  separation  is  difficult,  as  their 
boiling-points  do  not  differ  by  more  than  25°  or  30°.  Phenyltoluidine  boils  at  about 
ZZO'^,     (De  Laire,  Oirurd,  and  Chapoteaut,  Bull.  Soc.  Chim.  1866,  il  360.) 

Benzyltoluidinr,  or  ToLTLTOLriDixE,  C'«H»*N  -  C»H\C'^H').NH». 
Ditolt/l amine. — Produced  by  heating  1  at.  hydrochlorate  of  toluidine  with  \\  at.  of  the 
free  base,  to  210° — 240°,  in  a  long-necked  flask  provided  with  a  condensing-tube,  or 
more  quickly  by  heating  the  mixture  in  a  sealed  tube  under  a  pressure  of  four  or  five 
atmospheres.  On  treating  the  product  with  hydrochloric  acid  diluted  with  twenty  or 
thirty  times  its  bulk  of  water,  the  hydrochlorate  of  benzyltoluidine  is  decomposed  by 
the  water ;  and  the  benzyltoluidine  tnus  separated,  floats  on  the  surface  as  an  oil  which 
solidifies  on  cooling,  and  may  be  purified  by  recrystallisation.  It  boils  between  355° 
and  360°.  It  forms  unstable  salts,  which  are  decomposed  by  water.  Nitric  acid  turns 
it  yellow,  a  character  by  which  ijt  is  distinguished  from  diphenylamine.  (De  Laire, 
Girard,  and  Chapoteaut,  loc.  cit.) 

DiBBNZYLTOLUiDTNR,  C'lP'N  -  C»H*(C'ir)«.Nm— This  bsse,  isomeric 
with  tribenzylamine,  (C^H')n*X  (i.  576),  is  produced  by  heating  an  alcoholic  solution 
of  1  at.  toluidine  with  2  at.  benzylic  chloride,  and  subjecting  the  base,  separated  from 
the  product  by  potash,  to  a  repetition  of  the  same  treatment.  It  crystallises  in  slen- 
der needles,  molting  between  54*5°  and  55°  (tribenzylamine  crystallises  in  small 
tables,  and  melts  at  about  93°).  It  is  insoluble  in  water,  slightly  soluble  in  cold, 
easily  in  hot  alcohol,  and  becomes  yellowish  on  exposure  to  light. — The  hydrochlorate 
dissolves  readily  in  alcohol,  and  is  decomposed  by  water,  with  separation  of  the  base. — 
The  chloroplatina%  which  is  also  decomposed  by  water,  crystallises  from  an  akohoUc 
solution  mixed  with  ether.     (Cunnizzaro.) 

Derivatives  of  Toluidine  containing  Aldehyde-radicles, 
These  compounds  are  formed  by  the  action  of  aldehydes  on  toluidine. — Diethylidene' 

ditoluidine,  C^H^N*   «   C'^H'«(C«HOMNH')^    «    (C^H*)«.(C^H')«N«,  obtained  by 
the  action  of  acetic  aldehyde  on  toluidine,  cr3stalli8es  in  yellow  nodules,  and  forms 

red  resinous  salts  with  acids. — Dialh/Udcne-ditoluidine,  (C»H*)»(C'II')-N',  is  obtained 
in  like  manner  with  acrolein,  as  a  brown  resinous  mass. — Diocnzylidcne-ditoluidwe, 

•  Ktbrnyl,  C^H*.  U  tbc  trlatomic  ndicle  coir  mojily  called  Vinyl.   Fcf  Hofmiinn*!  fritematlc  nonen- 
clalnrf  uf  hjdrocHrLont,  see  Vx'>c.  K<'y.  Soc.  xv.  b\ 
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C»n=«N«  -  (C"ll*)«(C^')*N«,  produced  by  the  action  of  bitter-almond-oil  on  toloi- 
dinc,  separates  from  alcohol  as  a  yellow,  crystalline,  indifferent  body,  which  melts 
in  boiling  water,  and  is  converted,  at  160°,  into  yellow  needles,  melting  at  120° — 125°, 
and  capable  of  combining  with  acids  and  chlorides.  (Schiff,  Zeitschr.  f.  Chem.  1865, 
p.  400.) 

Eth^nyl^itoliiidine,  C'«n>«N*=C^n"»(C«H«r.(NH«)«.  (Hofmann,  Proc  Roy.  Soc. 
XV.  55 ;  Jahresb.  1865,  p.  415.) — This  base,  derived  from  2  at  toluidine  by  substitution 
of  the  triatomic  radicle  etbenyl  (vinyl)  for  3  at.  hydrogen,  is  produced  by  the  action  of 
trichloride  of  phosphorus  and  chloride  of  acetyl  on  toluidine  at  160^: 

6C'H»N  +   SCH'Oa   +  PCI"     -     3C»«H»»N«  +  PH>0»  +   6HC1. 
When  purified  by  recrystiUisation  from  alcohol,  it  forms  white  laminae,  resembling  the 
corresponding  phenyl-com  pounds. 

Azotoluidines, 

AzoTOLuiDXNB,  or  DiAZOTOLUBXE,C'H*N*  -  C'H*N"*.NH».  (Oriess,  Chem. 
Soc.  J.  zx.  86.) — The  salts  of  this  base  (which  has  not  been  obtained  in  the  free  state) 
exhibit  considerable  analogy,  in  their  properties  and  modes  of  formation,  to  the  corres- 
ponding aniline-derivatives  (iv.  430) ;  they  appear,  however,  to  be  somewhat  more 
stable,  and  to  crystallise  more  readily. 

The  nitrate,  C'11*N*.NH0*,  is  best  prepared  by  the  action  of  nitrous  acid  on  an 
aqueous  solution  of  nitrate  of  toluidine,  but  it  may  also  be  formed  from  azoditolui- 
dine.  It  forms  long  white  needles,  which  are  decomposed  on  boiling  with  water, 
according  to  the  equation  : 

C^H«N».NHO>  +  WO     -     CHH)   +  NHO«  +  IT. 

Nitrate  of  Cretol. 

Aiotoluidine. 

The  other  salts  are  obtained  from  the  nitrate  in  the  same  manner  as  the  correspond- 
ing phenyl-compounds. — The  cJdnropl^tinate,  2(C'H*N'.IICl).PtCl*,  is  precipitated,  in 
fine  yellow  prisms,  on  adding  platinic  chloride  to  a  dilute  solution  of  the  hydrochlorate. 
When  ignited  with  soda,  it  yields  an  aromatic  oil,  having  the  composition  of  chloroto- 
luene,  C'H'Cl. 

The  aulphatej  CTI*N*.SH*0\  is  obtained  in  brilliant  plates,  needles,  or  prisms, 
according  to  the  circumstances  under  which  it  crystallises.  When  heated  with  strong 
sulphuric  acid,  it  gives  off  the  whole  of  its  nitrogen,  and  is  converted  into  disulpho- 
tolylenic  acid,  Cn'*S*0«  -  C'H«.2SH«0*,  the  barium-salt  of  which,  C'H«Ba'75«0«, 
cr}*8tullises  in  long  white  needles. — The  perbromide,  C*H*N*.HBr",  is  precipitated  by 
bromine-wat?r  from  aqueous  nitrate  of  azotoluidino,  as  a  yellow  oil,  which,  after 
evaporation  of  the  excess  of  bromine,  solidifies  to  a  crystalline  mass. 

AzoDiTOLUiDiWK,   C"H"N'    ■■  C'*H"N'".(NH*)',  or  Diazotolx:^ns-amidoto- 

LUENB,  ]  p7TT7/7i7TT8\* — ^^^9  base  is  produced  by  passing  nitrous  acid  vapour  through  a 

solution  of  toluidine  in  a  small  quantity  of  strong  alcohol  mixed  with  two  or  three 
times  its  volume  of  ether,  till  a  drop  of  the  solution  leaves,  on  evaporation,  a 
residue  of  yellow  needles.  The  solution  of  these  crystals,  left  to  evaporate,  deposits 
the  base  in  yellow  needles,  which  must  be  washed  with  alcohol,  and  recrystallised 
from  a  mixture  of  alcohol  and  ether.  The  crystals  have  a  strong  lustre,  and  correspond, 
in  solubility  and  other  properties,  with  azodiphenyl-diamine  (iv.459). 

The  ch/oroplatinatf,  C"H'*N».2HCl.PtCl*,  is  obtained  in  glittering  plates,  resembling 
iodide  of  lead,  on  mixing  an  alcoholic  solution  of  the  base  with  platinic  chloride;  it 
deflagKites  at  a  high  temperature.     (Griess,  Chem.  Soc.  J.  xix.  67.) 

AzoniENTLTOLriDINE,    C=*H"N"   -    C"H*N'".(NH*)»,  or  DlAZOTOLUEWE-AlflDO- 

C'H*N*       ) 
BENZENE,  p«Tj»/ v-TTsx  [  f  obtaiued  by  the  action  of  aniline  on  nitrate  of  azotoluidine, 

crystallises  in  beautiful  long  yellow  needles.    (Griess,  Chem.  Soc  J.  xx.  87.) 

Appendix  to  Toluidine. 

BeBBjlamina,  CrH*N-^'^ I N.    (Cannizzaro,  Bull.  Soc.  Chim.  1864,  ii.  126 ; 

1865,  iL  218.) — This  base,  isomeric  with  toluidine,  is  formed,  together  with  tribenzyl- 
amine,  (C'H')«N  (i.  574),  and  probably  also  with  dibenzylamine,  (CTI')»HN,  by  the 
action  of  alcoholic  ammonia  on  benzylic  chloride,  C'H'Cl.  The  mixture,  after  a  few 
days,  deposits  tabular  crj-stals  of  tribenzylaminc,  and  on  evaporating  the  filtered 
liquid  in  the  water-bath,  and  treating  the  residue  with  hot  water,  a  further  portion  of 

3k3 
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tribenzylamino  remains  undissolved,  and  the  solution  contains,  together  with  «•!- 
ammoniac,  the  hydrochlonito  of  benzylamine,  and  probably  ahso  of  dibenzjlamine.  The 
hydrochlorate  of  benzylamine  is  separated  from  the  more  soluble  portion  by  fractional 
crystallisation;  and  tlie  free  base  separated  from  this  salt  by  potash  is  aissolred  in 
ether,  freed  from  ether  by  evaporation,  deh^'drated  by  fused  potash  out  of  contact  with 
the  air,  and  then  distilled — the  portion  which  gives  over  at  182°  being  collected  aput. 
Por  complete  purification,  it  is  converted  into  the  solid  carbonate  by  exposure  to  a 
stream  of  dry  carbonic  anhydride ;  the  carbonate  is  washed  with  anhydrous  ether, 
and  dissolved  in  hydrochloric  acid  ;  and  the  cr}''stallised  hydrochlorate  is  decomposed 
with  potash  as  above. 

Benzylamine,  thus  prepared,  is  a  colourless  liquid,  not  altered  by  light,  and  boiling 
at  182^ — 183-^.  (Toluidiiie,  described,  a^  vol.  i.  p.  675,  as  benzylamine,  is  crystalline  at 
ordinary  temperatures,  and  melts  at  •^).  It  mixes  with  water  in  all  propoitioof 
(toluidine  is  but  slightly  soluble  in  coFq  watpr)i  and  is  separated  therefrom  by  poiaah, 
with  faint  yellowish  colour.  It  absorbs  carbonic  anhydride  rapidly,  forming  a  cm- 
tallinc  compound  ;  has  a  strong  alkaline  reaction :  forms  white  fumes  with  hydrocfaJo- 
ric  acid,  and  unites  with  acids,  pro<lucing  rise  of  temperature.  Altc^ether,  it  appean 
to  be  a  stronger  base  than  toluidine. — Hifdrocklorate  nf  benzylamine^  CTP^  JIO, 
crj'stallises  in  striated  tables  ;  the  chhroplaiinaU  in  orange-ooloured  lamins. 

Dihenzylamine^  (C'IP)*HN,  isomeric  with  benzvltoluidine,  has  not  been  isolated, 
but  appears  to  be  formed,  together  with  mono-  and  tri-benzylamine,  in  the  proc^cf 
above  described. 

IWihcnzylamine,  (C'II^)*N,  isomeric  with  dibenzyltoluidine  (p.  866),  has  been 
already  described  (i.  674). 


C'lIM 

cap  yy. 
H ) 


Phenyl-henzylamine.O^W^'S  »  CaP>N.    (Fleischer,   Ann.  Ch.  Phann. 

H  ) 

cxxxviii.  p.  225;  Bull.  Soc.  Cliim.  [186G],  ii.  235.)— This  base,  isomeric  with  Hof- 
maun*s  tolybiniline  (ir.  454),  is  produced  by  mixing  aniline  with  bensylic  chlonde 
(boiling  at  170^).*  The  mixture  becomes  hot,  and  deposits  white  cxystals,  consistiJig 
of  hydrochlorate  of  aniline,  together  with  phenyl-benzylamine  : 

C'H»C1   +   2Cni'N     -     C-H'N.UCl  +  C'«n»*N. 

The  mixture  must  bo  heate<l  to  ICO®  for  twenty-four  hours,  to  complete  the  rraction  ; 
and  on  dissolving  out  the  hydrochlorate  of  aniline  from  the  product  by  water,  the  phonyl- 
benzylaminc  remains  as  an  oil,  which  is  converted  by  hydrochloric  aeid  into  errstals  oC 
the  hydraehlorate,  C"]I"N.I{C1.  On  decomposing  this  salt  with  soda,  and  distilling 
the  liberaUxl  base  under  a  pressure  of  45  millimetres,  the  greater  pe^  passes  over, 
between  200^  and  220°,  in  the  form  of  hu  oily  liquid,  which  solidifiesat  a  low  tempera- 
ture, and  may  be  purititd  by  pressure  between  bibulous  paper,  and  reciystallisatioo 
from  boiling  alcohol. 

Phenyl-benzylamine  crystallises  in  colourless  fonr-sided  prisms,  insoluble  in  water, 
but  soluble  in  alcohol  and  in  ether.  It  melts  at  32°,  remains  in  a  state  of  surfusion  at 
12^  and  boils  under  the  orclinnrv  pressure  at  a  temperature  above  310®.  (Tolylanilins 
melts  at  87^,  and  boils  at  334=*'). —The  ht^drtKJ^oralf,  C"H>«N.HCI,  forms  coloorlefs 
crystals.— The  oxalate,  (C'«II'»N/-.CTr^O«,'  forms  white  lamime.— The  base  forms,  with 
chtorid^  of  cadmium,  the  compound  C*"II'*N.CdCP. 

Phenyl-benzylamine,  fused  with  mercuric  chloride,  forms  at  fin»t  a  green  mass, 
which  dissolves  in  alcohol  with  fine  blue  colour ;  but  by  the  prolonged  action  of  heat, 
this  miiss  assumes  a  dark  colour,  and  then  forms  with  alcohol  a  crimson  solution. 

Plionyl-benzylamine  treated  with  ckhridc  of  Itenzoyl  forms  phenyl-bcnxyl-bcD* 
zamidc,  (C''II*X^'*H0(C'IPO)N,  which  crystiUiscs  in  oblique  prisms. 

TOZiVOXi.     Syn.  with  Toluene. 

TOXiirox.ZC  JSLCZ'U.    Syn.  with  ToLUic  Acid. 

TOZiVOirZTRZZiB.     Syn.  with  Bexztlctaxide  (i.  673). 

TOZiVOSAZiZCTX,  or  TOZ.VOSAZiZC'IXOZi.     See  SalictLol  (p.  170). 

TOZiVOXTZi.     CirO.—  The  radicle  of  toluic  acid  and  its  derivatives.    (Footnote, 

p.  869.)  JI 


TOZiimzc  AczB.  C'»ir'XO»  -  ^^cli^o 


•  Q .—  Tolugtycic  Acid,     Giycorof-to- 

ir    I 

lii'u^  Arid.      (Kraut,   Ann.    Ch.  Pliann.   xcviii.  360.)  —  An    acid    homologous  with 

•  ('hl«  rotoliuMir  (::rror,1in3  »o  T  1  c  I  ^  i  h  «•  r).  but  Ihc  bo-l  ng-ront  thou*  that  tlic  romivittnd   UrH 
m.41  roiill.i  I"'   JBjIlc  <  blot  I  W  (o   8'.  I  . 
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hippuric  acid,  produced  in  the  passage  of  tolnic  acid  through  the  animal  body,  jnst  as 
hippuric  acid  is  formed  from  benzoic  acid  (iii.  158).  To  obtain  it,  toluic  acid  is 
Bwullowed  in  doses  of  screral  gmmmes  (which  may  be  done  without  injury  to  tho 
health) ;  the  acid  urine  afterwards  voided  is  eyaporated  to  a  syrup ;  this  residue  is 
exhausteii  with  alcohol ;  the  solution  is  mixed  with  oxalic  acid  and  left  to  evaporate;  and 
the  residue  is  finally  exhausted  with  alcoholic  ether.  The  yellowish  tolunc  acid  still 
contaminated  with  oxalic  acid,  which  remains  on  evaporating  this  last  solution,  is 
boiled  with  calcic  carbonate ;  the  calcium-salt,  which  crystallises  out  on  cooling,  is 
purified  by  repeated  crystallisation,  and  then  decomposed  by  heating  it  with  dilute 
hydrochloric  acid  ;  and  the  acid,  which  crystallises  out  on  cooling,  is  purified  by  solution 
in  boiling  water.  It  may  be  obtained  in  large  crystals,  by  spontaneous  evaporation  of 
tho  alcoholic  solution. 

Toluric  acid  cr^'stallises  from  boiling  water  in  colourless  laminse ;  from  alcohol  in 
trimetric  prismsi,  exhibiting  the  combination  ocP  .  cc^oo  .  l^oo ,  also  with  oP  ;  they 
are  as  hard  as  gypsum,  and  have  a  yitreous  and  nacreous  lustre.  The  acid  is  inodo- 
rou.4,  melts  at  160^ — 165°,  and  decomposes  at  a  stronger  heat,  emitting  an  aromatic 
odour.  It  dissolves  freely  in  boiling  water,  slightly  in  cold  water ;  in  almost  any  pro- 
portion of  hot  alcohol,  abundantly  also  in  cold  alcohol,  sparingly  in  other  free  from 
alcohol. 

Toluric  acid,  boiled  with  hydrochloric  acid,  is  resolved,  similarly  to  hippuric  acid, 
into  toluic  acid  and  glycocine : 

C'»H'NO>  +  H«0     -     C«H«0«  +  C'H*NO». 

Toluiicacld.  Toluic  Glycuclae. 

acid. 

Tolurates. — Most  of  these  salts  are  soluble  in  water,  those  of  the  alkali-metals 
being  the  most  soluble. 

The  barium-^foltt  C*n'*Ba'T^*0*.5H*0,  crystallises  in  small  needles,  apparently  tri- 
metric, exhibiting  the  faces  odP,  ooPoo  ;  it  dissolves  easily  in  hot  water. — Tho 
lalcium'sait,  C*'H*'Ca"N'0*.3H'0,  forms  flattened  crystals,  one  or  two  millimetres  long, 
and  strongly  streaked  parallel  to  their  axis ;  very  soft,  and  having  a  silky  lustre ;  spar- 
ingly soluble  in  cold,  easily  in  hot  water. — The  silver-salt,  C'*H'*AgNO*,  obtained  by 
double  decomposition,  is  very  soluble  in  hot  water,  and  separates  in  well-defined  crys- 
tals on  cooling. — The  sodium-salt  crystallises  from  water  in  feathery  needles. 

Tho  solution  of  the  sodium-salt  forms  a  white  precipitate  with  neutral  acetate  of 
lead,  brownish-yellow  with  ferric  chloride.  The  latter  precipitate  is  soluble  in  alco- 
hol, and  melts  partially  when  boiled  with  water. 

TOIiVTZi*  OH*. — The  radicle  of  toluylic  alcohol  and  its  allied  compounds ;  * 
isomeric  with  xylyl.  Free  toluyl,  QMUiFf  obtained  by  the  action  of  sodium  on  to- 
luylic chloride,  is  a  thick  liqnid,  boiling  at  296°.  (VoUrath,  Zcitschr.  f.  Chem.  [2], 
ii.  488 ;  Bull.  Soc.  Chim.  [1867],  i.  343.) 

A  name  sometimes  applied  to  toluidine. 

A  name  sometimes  given  to  tolylene  or  benzylene,  C'H*,  but 
more  properly  belonging  tc  the  hydrocarbon  CH*. 

TOZiinrZiZC  ACBTATBv  Cr'H'(C*H')0',  obtained  by  the  action  of  toluylic  chloride 
on  acetate  of  potassium,  or  (better)  on  acetate  of  silver,  is  a  liquid  having  an  agreeable 
odour,  and  boiling  at  226°.    Alcoholic  potash  easily  converts  it  into  toluylic  alcohol. 

TOXiinXXC  ACI9.    Syn.  with  Toluic  Acid  (p.  861). 

TO&mnbXC  AXCOBO&.    OH^K)  »   ^h*(^'     Toluic  or   TUuenylte  Alcohol, 

(Cannizzaro,  Compt.  rend.  liv.  1225  ;  Jahresb.  1862,  p.  267.) — An  alcohol  isomeric 
with  xylylic  alcohol,  obtained :  1.  By  the  action  of  alcoliolic  potash  on  toluic  aldehyde 
(Cannizzaro): 

2C"H'0   +   KHO     =    C*IPKO«  +   C'H'^0. 

Toluylic  Toluate  Toluylic 

altleliyde.  of  poius*  alcohuL 

liuni. 

2.  By  the  action  of  alcoholic  potash  on  toluylic  acetate  (Vollrath).  It  is  a  white 
ciTstalline  body,  which  melts  at  68*6^ — 59*6°,  and  boils  at  217°  (xylylic  alcohol  is  an 
oil,  which  merely  becomes  viscid  at  — 18°,  and  boils  at  about  220°).  Toluylic  alcohol 
is  slightly  soluble  in  cold  water,  somewhat  more  freely  in  boiling  water,  and  separates 

*  The  name  toluyl  Is  alKO  applied,  tompUmer,  to  CH'O,  the  radicle  of  toluic  arid  ;  sotik  times  to  the 
radicle  C'H',  more  properly  called  to lyl;  which  latter  name,  on  the  other  hnnd,  ii  aiTeii  by  Vull- 
lath  to  the  radicle  C"H*.  To  avoid  all  this  confution,  it  Is  advisaMe  to  designate  C'H'  as  toiyl  or 
b«Bi  yl,  CU^as  toluyl,  ai.d  C«iro as oxy  toluyl  or  toluoxyl. 
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therefrom  in  oily  drops,  which  afterwards  solidify  in  needle-shaped  dystals ;  it  is 
easily  soluble  in  alcohol  and  in  ether.  Nitric  acid  converts  it  into  toluic  aldehyde. 
Heated  in  a  stream  of  chlorine-gas,  it  is  converted  into  tolaylic  chloride,  C*n*Cl ;  and 
this  compound,  heated  with  cyanide  of  potassium  in  alcoholic  solution,  is  transformed 
iutotoluylic  cyanid(%  C*H*N  =  C•H•C^,  which,  when  distilled  with  potash,  yields  al- 
phatoluic  acid  (p.  864). 

TOZiVTliZC  CBZiOazOE,  0*11*01  (Vollrath,  Zeitschr  f.  Ohem.  [2],  ii.  488), 

f>roduced  by  the  action  of  chlorine  on  xylene,  0*I1**,  at  the  boiling  heat,  is  a  liqoid 
laving  a  disagreeable  odour,  and  boiling  at  193°.    "When  treated  with  cyanide  of 
potassium,  in  presence  of  alcohol,  and  then  with  potash,  it  yields  alphaxylylic  add, 

C«n'»0*  =  0«H«  I  ^2'  ^QjjQ     (See  Xtltuc  Acid.) 

TOZiinxZC  SnXPBZDB  and  SVZiPBTBBATB.  Both  sulphide  and  snl- 
phydrate  of  potassium  act  very  strongly  on  toluylic  chloride,  producing  in  the  onecass 
the  sulphide  of  toluyl,  (0«H»)«S,  in  the  other  sulphydrate.  C«HMI.S.  Both 
these  compounds  are  liquids  of  disagreeable  odour.  The  sulphydrate  forms  a  balky 
white  precipitjite  with  an  alcoholic  solution  of  mercuric  chloride,  and  yellow  with  acetate 
of  lead.     (Vollrath.) 

TOZm,,  or  BBBZ-rZk    O'll'  =  0*H«(OH*).— A  monatomic  radicle,  which  may 

be  supposed  to  exist  iu  benzylic  alcohol,  iHjnzylamine,  tolylic  or  benzylic  bromide, 
chloricio,  &c.  The  namo  lenzi/l  is  the  most  convenient  for  it,  as  tolyl  is  too  much  Iik« 
toluyl. 

Uenzyl  in  the  free  state,  0'*IP\  is  obtained  by  heating  benzylic  cliloride  with  excess 
of  sodium  to  100°,  twating  the  product  with  etiicr,  and  evaporating  the  ethereal  solu- 
tion. It  then  remains  as  an  oily  body,  which  cr}'stallises,  after  some  time,  in  needles 
and  laminip.  When  purified  by  pressure  between  paper,  and  repeated  crjstallisafioa 
from  strong  alcohol,  it  forms  white  monoclinic  crystals,  exhibiting  the  combiDatitm 
cePoo  .  +  Poo  .  —  Poo  .  oP  .  —  JPoo ,  tabular  from  predominance  of  —  Pgo  ,  and  in- 
distinctly cleavablo  parallel  to  ooP  and  [  oopoo  ].  The  following  angular  magni- 
tudes have  been  approximately  determined  :  ooPoo  :  +  Poo  ■■  160® ;  [  ooPoc  ]  :  +  P 
=r  132^;  oP  :  +Pao  -  131^°.  Uenzyl  melts  between  61-6*'  and  62-5°  distils 
without  decomposition  at  281^,  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether, 
and  sulphide  of  carbon.  (Oannizzaro  and  Hossi,  Ann.  Oh.  Phaim.  ezxi.  250;  Jah- 
resb.  1861,  p.  648.) 

Benzyl  is  likewise  produced  by  the  action  of  sodium  on  bromide  of  beozylidonc, 
O^U'Bi*^  (p.  853).  Sodium  acts  rapidly  on  this  compoimd  at  180®,  hjdrobromic  acid 
being  given  off,  and  a  thick  black  mass  formed,  which  is  partly  soluble  in  ether.  On 
distilling  the  soluble  portion  of  the  product,  toluene  is  given  off  at  109^  ;  and  the  black 
resinous  residue,  if  further  distilled  in  a  stream  of  aqueous  vapour,  gives  off  an  oily 
liquid,  which  soon  solidifirs  to  a  crystalline  mass  of  benzyl,  O'^H*'  (Michaelson  anil 
Lippmann,  Ann.  Oh.  Pharm.  Suppl.  iv.  113;  Jahresb.  1865,  p.  6^0).  The  authors 
regarded  the  product  thus  obtained  as  isomeric  with  benzyl,  and  called  it  isobenzyl, 
because  it  appeare<l  to  unite  directly  with  bromine,  instead  of  forming  substitution- 
products,  like  the  benz}'l  obtained  by  the  process  of  Oannizzaro  and  Rossi ;  but  Fittig 
has  shown  (Ann.  Oh.  Pharm.  cxxxvii.  271),  that  benzyl  obtained  by  either  process  acts 
in  the  same  manner  with  bromine. 

Several  substitution-derivatives  of  the  molecule  C'*!!**,  called  dibenzyl -com- 
pounds, h avo  been  obtained  by  8 1  c  1 1  i  n  g  and  F  i  1 1  i  g  (Ann.  Oh.  Phaim.  cxxxvii.  257 ; 
Jahresb.  18G5,  p.  647). 

Amiilohenzyl,  or  Diamidodihenzyl,  C'«H»«N«  -  C»<H«(NH«)«,  is  produced 
by  rcduciug  nitrobenzyl  (p.  871)  with  tin  and  strong  hydrochloric  acid,  and  is  thrown 
down  by  ammonia — from  the  solution  previously  freed  from  tin — as  an  amorphous  pre- 
cipitate. It  resembles  the  homologous  compound,  amidophenyl  or  benzidine  (ir.  411), 
and  cr)'stallises  from  hot  water  in  colourless  scales,  which  are  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol,  molt  at  132^,  and  sublime,  almost  without  decompo- 
sition, at  a  higher  Tempeniture.     It  is  a  base,  and  forms  crystalline  salts. 

The  hr/droch'ora/e,  C'*1I'*N'.2H01,  is  very  soluble  in  water  and  alcohol,  and  sepa- 
rates from  strong  hydrochloric  acid  in  small  colourless  crystals. — The  ckloroplatimatet 


precipitate ; 

oxalate,  0'«II'*N*.2O«H*O'.3Il«0,  is  deposited  in  hard,  transparent,  pnsmatie  crystals, 
nearly  insoluble  in  cold  water, — The  vhospJmle  is  a  white  precipitate. — ^The  chrom^iit 
forms  easily  decomj)osable  yellow  neeclles. 

Isonitrobenzyl  is  easily  reduced  by  tin  and  hydrochloric  acid  to  a  base,  which  woB 
changes  to  a  tarry  mass. 
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alcoholic  potash  (S  t  ad  e  1  e  r  and  A  r  n  d  t).    Its  solation  in  strooff  snlphoric  acid  aoqium 
a  title  green  colour  on  addition  of  potassic  chromate.    (Stadeler  and  Arndt.) 


Syn.  with  Bexzyulmixe  (p.  867). 

C*H*(C'H').NH«.— A  base  isomeric,  if  not  identical,  with 
phenjltoluidine  (iv.  454  ;  t.  866). 

TO&TXBBllXAllCX3>S,  BnXT&BBVXAaiZllS,  or  BXVXOTOXiVZDB, 

C»'H«'N  -  C'H^C'H*O.HN  «  C'H'(C'H*0).NH«.  (Jaillard,  Compt.  rend.  Ix. 
1096  ;  Jahresb.  1865,  p.  428.) — Prepared  by  treating  chloride  of  benzoyl  with  toloi- 
dine,  washing  the  resulting  hard  mass  with  acidulated  water,  and  dissolriog  it  in 
boiling  alcohol  of  90  per  cent.  It  then  crystallises,  on  cooling,  in  long,  colonrlecKS,  and 
inodorous  needles,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether.  It  melts 
at  100°,  and  volatilises  without  decomposition  at  232^.  When  heated  with  alkalis,  it 
is  resolved  into  benzoic  acid  and  toluidine. 


TOI.TX.CA&8AaCZ]>i:9  BXVZYXCA&BABKZBS,  or  CABBOTOBVZBS. 

(cor 

C«H»N-0     -     C'H'  \^\—Benzi/l'Urea  (Sell.  Chrm.  Soc.  J.  xvi.  190;    Jahresb. 


cor) 

Il«  J 


1865,  p.  426)  separates,  on  mixing  a  hot  aqueous  solution  of  toluidine-sulphate  wiih 
a  recently  prepared  solution  of  poUissium-cyanate,  in  white  needles,  which  have  a 
sweetish  taste,  dissolve  {sparingly  in  cold,  easily  in  hot  water,  also  in  alcohol  and  in 
ether,  and  are  resolved,  at  158^,  into  ammonia  anddiiolylcarbamide.  It  is  related  to 
the  isomeric  comix)und  obtained  by  Noad  from  nitrotolylnmide,  in  the  same  manner 
as  the  true  phenyl-urea  to  the  compound  which  Chancel  obtained  by  reduction  of 
nitrobcnzamide     (See  Caubjlmides,  i.  754,  755.) 

Tolyl-ethylcarhamide,  C'-H'^N«0  -  (C0)'\C'H')(C«H*)H=NM8  obtained  by 
direct  combination  of  toluidine  with  ethylic  cyanate,  and  separates  from  a  boiling  mix- 
ture of  alcohol  and  water,  in  white  crystals.  It  is  insoluble  in  water,  but  soluble  in 
alcohol.    (Sell,  loc,  cit.) 

Diiolylcarbamide,  Cm^^^O  -  (CO)'\C'H0'H»N«,  is  produced  by  boiling  an 
alcoholic  solution  of  ditolylsulphocarbamide  with  mercuric  oxide,  as  long  as  mercuric 
sulphide  is  thereby  separated.  The  filtered  solution  yields  ditolylcarbamide  in  white  crys- 
tals. It  is  likewise  obtained,  together  with  the  products  of  decomposition  of  oidinaij  urea, 
by  the  dry  distillation  of  monotolylcarbamide.  It  is  insoluble  in  water,  easily  soluble 
in  alcohol,  and  is  decomposed  by  strong  sulphuric  acid,  in  the  manner  shown  by  the  equa- 
tion, into  tolylsulphamic  or  sulphotolylamic  acid,carbonic  anhydride,  and  water  (p.  527): 

C  »H'«N'0   +  2H'S0»     -     2(C'H'N.S0>)   +   C0«  +  H«0, 


•  N*,  is  obtained  by  warming 


(csy 

Ditolylsulphocarbamide,   C»»H»«N«S    «  (C'H^)' 

H«     , 

a  concentrated  alcoholic  solution  of  toluidine  with  an  equal  volume  of  carbonic  disnb 
phide,  not  above  80®,  till  the  evolution  of  sulphydric  acid  ceases,  distilling  off  the 
excess  of  carbonic  disulphide,  and  recrvBtallising  the  remaining  crystalline  mass  from 
alcohol.  It  is  insoluble  in  water  and  in  cold  alcohol,  has  a  bitter  taste,  and  forms 
large  acuminated  prisms,  which  melt  at  164®,  and  publime  without  decomposition.  (Sell) 

lAirZXiZB'B.     See  Phenylamines  (ir.  473). 
C'H«.— Syn.  with  Bekzylexe  (i.  577). 

C'H'«N«  -  ^^h/^"|n«.     (Hofmann,  Proc  Roy. 

Soc.  xj.  518.) — This  base,  first  obtained  as  a  by-product  in  Colin^s  aniline  factory 
at  Paris,  is  prepared  by  distilling  dinitrotoluene  with  a  mixture  of  iron-filings  and 
acetic  acid.  When  recently  prepared,  it  forms  crysUils  which  become  slightly  coloured 
on  exposure  to  the  air,  but  may  be  rendered  colourless  again  by  treatment  with 
animal  charcoal.  It  melts  at  99°,  and  distils  without  decomposition  at  about  280®. 
It  is  dissolved  in  considerable  quantity  by  boiling  water,  and  separates  on  cooling  in 
needles,  sometimes  an  inch  long.  It  is  easily  soluble  in  alcohol  and  ether.  Its  solutions 
have  an  alkaline  reaction. 

Hydrobromate  of  tolylenc-diamive,  C'H'»N'.2nBr,  forms  short  needle-shaped  crys- 
tals, soluble  in  water  and  in  alcohol. — The  hydrochlorate  is  easily  soluble  in  water, 
even  at  ordinary  temperatures,  butcrj'stallists  easily  from  strong  hydrochloric  acid.— 
The  ch/oroplatirtaie  forms  yellow  needbs,  very  easily  soluble  in  water. — The  sulphate, 
C'H'»N«.H*SO\  forms  long  well-defined  needles,  which  become  reddish  on  exposure  to 
the  air. 

Tolylenc-diamine,  treated  with  opnanthol,  forms  dicrnanthylidene-tolylene- 
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di  Mnine,  C«'H"X»  -  \(?W^f{(:Pll*YS\  as  a  heavy  non-bwiic  oil,  soluble  in  alco- 
hol,   but   ioHoluble  in  wutcr.    \Vith  bitter-almond-oil,    in  like  manner,   it  yields 

dilonzylidene-toWlene-diamine,  C«»H««N»  - (oC'H«)''(/5C-II7'N^  (Schmidt, 
JahrcBb.  1865.  p.  429.) 


TO&'VXXVS-TSrAMms.  (De  Laire,  Qirard,  andChapoteaut,  Compt. 
rend.  Ixiii.  964  ;  liv.  416.) — Hofmann  has  shown  that  rosanilino  (iv.  468)  has  the 
composition  of  ditolyleno-phenylene-triamine,  (C'II*)'(C*ll*)HN',  being  formed  by 
elimination  of  6  at.  hydrogen  from  a  mixturo  of  2  at^  toluidiue  and  1  at.  aniline. 
Otlier  bases  of  similar  constitution  may  be  obtained  by  the  action  of  oxidising  or  dehy- 
drogenising agents  on  toluidine,  aniline,  and  mixtures  of  the  two : 

a.  TrUolylene-triamine.OT  Chrysotduuline^C^'W^yi*  ^^^"^^^  is    a    yeUow 

base,  resulting  from  tlie  oxidation  of  3  at  toluidine : 

3(C'n')n-N  -  H«     -     (CaP)«H»N*. 

/3.  Iriphenylene'triamine,  or  Violaniline,  C'E'^N*  -  (^7(n",  is  a  violet  base, 
formed,  in  like  manner,  from  3  at.  aniline. 

f  (c»ii')*) 

7.  Diphenylene-tolyUne'rosanUine,  or  Mauvaniline,  C-»II"N»  -  (CH*)"   N».— This 

base  is  formed  (together  with  violanilinc  and  a  small  quantity  of  rosanilino)  when  the 
aniline  used  is  not  quite  free  from  toluidine : 

2(OH*)n''N   +  (C'H')n»N  -  3H'     «     (C«H')»(C'H«)H»N>. 

Aniline.  Toluidine.  Mauvaniliiie. 

Mauvaniline  is  a  crystallised  base  of  light-brown  colour,  becoming  darker  when 
heated.  The  crystals  are  hydrated,  containing  2C»*H*'NMI''0.  They  retain  their 
water  at  120° — 130°,  and  give  it  up  <mly  at  a  temperature  at  which  they  begin  to 
decompose. 

Maiuvaniline  is  soluble  in  alcohol,  ether,  and  benzene,  insoluble  in  cold,  very 
soluble  in  boiling  water.  It  dissolves  in  acids,  forming  crystallisable  salts,  which 
have  a  bronze-groen  reflex,  like  those  of  rosaniline.  They  are  slightly  soluble  in  cold, 
modenitely  soluble  in  boiling  water,  and  in  strongly  acidulated  water.  They  rival  the 
salts  of  rosaniline  in  tinctorial  power,  imparting  a  fine  mauve  colour  to  silk  and  wool. 

Violanilinc,  mauvaniline,  rosaniline,  and  chrysotoluidine,  form  an  arithmetic  scries, 
whose  common  difference  is  CH*.  The  formation  of  violaniline,  mauvaniline,  and 
chrysotoluidine  being  strictly  analogous  to  that  of  rosaniline,  these  bodies  may  also 
be  expected  to  result  fiom  the  oxidation  of  commercial  aniline.  It  is  well  known, 
indee<l,  that  the  quantity  of  rosaniline  obtained  in  the  preparation  on  the  large  scale 
is  considerably  less  than  that  which  corresponds  to  the  quantity  of  aniline  and 
toluidine  transformed,  and  that  there  is  produced,  at  the  same  time,  a  quantity  of 
resinous  matter,  of  violet  to  brownish-yellow  colour,  and  possessed  of  basic  properties. 
This  resinous  matter  is  a  mixture  of  several  compounds,  extremely  difficult  to  separate, 
and  doubtless  consisting  in  great  part  of  the  three  homologucs  of  rosaniline  just  men- 
tioned. The  authors  have,  in  faict,  detected  mauvaniline  in  the  residues  of  the  prepara- 
tion of  rosaniline-salts ;  ihey  likewise  attribute  the  decided  violet  tint  exhibited  by 
certain  commercial  aniline-reds  to  the  presence  of  mauvaniline,  and  the  yellow 
tint  sometimes  observwl  in  commercial  rosanilino-salts  to  admixrure  of  chrysotoluidine. 

Z.  The  throe  atoms  of  typic  hydrogen  in  each  of  the  bases  above  mentioned  may  bo 
replaced  by  alcohol-radicles,  ethyl,  methyl,  phenyl,  tolyl,  &c.,  forming  derivatives 
analogous  to  triethyl-  and  triphenyl-rosaniline  (iv.  471,  472),  and  obtainable  by  simi- 
lar methods. 

«.  The  secondary  monamines,  diphenylamino,  ditolylamine,  methyl-phonylamine, 
&c,  subjected  to  the  action  of  dehydrogenising  agents,  likewise  give  off  6  at.  hydro- 
gen, and  yield  substituted  triamines  of  rosaniline,  chrysotoluidine,  and  violanilinc ;  e.g. : 

3(C'H')n'N  -  H*     -     Jc.h'JIJJ''- 

Ditolylamine.  Tiitolvl  rhry^o- 

toluidine. 

Syn.  with  Toltl-ethyl-cabbamidb  (p.  872). 

Syn.  with  Toltlaxiline  (iv.  454). 

This  name  is  given  by  Jaillard  (Compt  rend.  Ix. 
1096)  to  a  compound  obtained  by  heating  a  mixture  of  toluidine  and  salioylol  to  60°, 
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and  crystallising  tho  product  from  hot  alcohol.  It  forms  yellow  cn'stals,  inodorous, 
insoluble  in  water,  soluble  in  alcohol  and  ether,  melts  at  100^,  volatilises  at  a  higher 
temperature,  and  is  decomposed  by  alkalies.  Accor.ling  to  Jail  lard,  it  bis  the  siime 
comj)f>silion  as  tolylbeuzaimide,  C'*II'*N(),  and  its  hydrochlorato  gives,  with  phitiuic 
chloride,  a  double  salt,  contiiining  2(C•*H'»^'0.HCl)i't.Cl^ 

TOXi'SXSVCCZSrZMZSE,  or  BVCCZVOTOZinXBB.  C"II>iNO*  a 
^^C'H''^  (^^  -  C'lP(C^n*07'.Nm— This  compound  is  formed  by  molting  equal 

weights  of  succinic  acid  and  toluidine,  and  crystjdlising  the  cooled  mass  from  boiling 
water.  It  volatilises  witliout  docom^wsiliou,  dissolves  easily  in  hot  water,  alcohol,  and 
ether,  and  separates  from  solution  in  colourless  crystals. 

iC'lVy   ) 
Ditoluhuccinamide,  C"K=«N*0«  «  (C'lPO-')"  In«,  is  the  portion  of  the  abovc-men- 

tioned  product  insoluble  in  hot  water;  it  crj-stallises  from  hot  alcohol.     (Sell.) 
TOZiTZ.8irz.PBnSOTr8   BR02ISZDB  and    CBAOBZBB.     Syn.    with  ToLU- 

ENE-SULPHOBKOMIDE   and   ToLUBLXE-SULrHOCHLORIDE  (p.  859). 

TOIkTZiSUZiPBlXBOTrS  BTBRZBB.  Syn.  with  ToLUENE-suLFHrBOVS  XciD 
(p.  860). 

TO&'SX-TBZOSZB'AXIiIZirB.  By  heating  toluidine  with  oil  of  mustard  to 
100°  for  several  hours,  a  mass  is  formed,  which  solidifies  in  laminae  on  cooling,  and 
may  be  purified  by  recrystallisation  from  alcohol.  It  is  inodorous,  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether,  melts  at  100®,  and  is  converted,  by  oxide  of  lead  or 
mercury,  into  a  non-sulphuretted  compound,  which  crystallises  in  needles.  (Jail- 
lard.)' 

TOBZBikC.  An  alloy  of  copper  and  zinc  containing  about  80  per  cent,  copper. 
(S*^e  Copi-ER,  Allots  of,  ii.  47,  49.) 

TOMBAZZTB.  Breithaupt*s  name  for  a  rariety  of  nickel-glance  from  a  mine 
near  Lobenstcin. 


The  fruit  of  Dipterix  odorata  a  leguminoua  tree,  indigenous 
in  Guiana.  Thoy  are  about  the  size  of  a  large  almond,  rather  cylindrical  than  flat, 
and  pointed  at  both  ends.  Tho  outer  shell  is  dark-brown,  wrinkled,  and  has  a  fatty 
lustre.  The  beans  have  nn  aromatic  bitter  taste,  and  a  very  agreeable  odour,  like  that 
of  roelilot  and  woodruff.  They  contain  coumarin  (ii.  93),  and  a  fixed  oil,  besides  sugar, 
gum,  starch,  malic  acid,  Sitlts,  and  woody  fibre  (Boullay  and  Boutron-Ciiar- 
lard,  J.  Pharm.  xi.  426;  ibid.  [3]  vii.  160).  Thoy  are  used  as  a  perfume,  especially 
for  snuff. 

The  so-called  English  tonka-beans  (from  Dipterix  opposiii/olia)  are  rather  smaller 
and  darker,  but  otherwise  not  essentially  different  from  those  just  described. 

TO  VAX.  Pht/safitc  Pyrophytaliie,  Pt/enite,  Schorlartigcr  Btryl.  Stangen- 
atein. — A  tribasic  silicate  of  aluminium,  Al'O'.SiO^  having  part  of  the  oxygen  replaced 
by  fluorine.     It  occurs   in  trimetric   crystals,  exhibiting  the  combination  P  .  ocP, 

00^2,  like/^.  265  (ii.  147),  also  with  the  basal  face  oP,  and  the  face  2l^ao  replacing 
the  terminal  edges  between  P  and  P ;  frequently  also  with  other  faces  subonlinate. 
Axed  a.b'.c^  0-5283  :  1  :  0-4770.     Anplo  P  :  P  (brach.)  =  HI®  0' ;  P  :  P  (macr.) 

«  101®  40';  P  :  P  (basal)  «  87®  18'.  Tlie  crystals  are  usually  hemimorphous,  the 
extremities  being  unliko.  Cleavage  very  |x»rfect  parallel  to  the  base.  The  mineral 
also  occurs  gninular,  coarse  or  fine.  Hanlness  *=»  8.  Specific  gnivity  —  3*4 — 3-65. 
Lustre  vitreous.  Colour  yellow,  white,  green  or  blue ;  pale.  Streak  uncolourcd. 
Transparent  to  subtranslucent.  Fracture  subconchoidal  to  uneven.  Pyroelectric. 
Before  tho  blowpipe  on  charcoal,  it  does  not  fuse,  but  when  strongly  heated  becomes 
covere<l  with  small  blisters,  which  crack  as  soon  as  formed.  The  pale-yellow  varieties 
l>eeomo  colourless  when  heated,  tho  dark -yellow  become  rose- red  or  hyacinth-red. 
Whon  stronirly  heated  in  a  glass  tul>o  with  microcosmic  salt,  it  exhibits  the  fluorine 
reaction.  With  borax  it  slowly  fuses  before  the  blowpipe  to  a  colourless  gla^s; 
with  micTCHjsmic  s;ilt  it  forms  a  silicious  skeleton,  the  bead  becoming  opalescent  on 
cooling;  with  carlMmate  of  sodium  it  forms  a  tumid,  semitransparent  slag;  with  a  large 
quantity  of  the  sodium-salt,  a  tumefied  infu^=ible  mass.  It  is  insoluble  in  acids;  and 
whon  digestetl  for  some  time  with  strong  sulphuric  acid,  it  gives  off  hydrofluoric  acid. 

The  analyses  of  topnz  from  Fahlun  in  Swetlen,  and  Trumbull  in  Connecticut,  bj 
Forch hammer  (J.  pr.  Chem.  xxix.  294  ;  xxx.  400), give  from  34*39  to  36*66 percent, 
silica,  51-88  to  55*96  alumina,  and  about  17  percent,  fluorine,  showing  that  topaz  may 
be  regarded  as  a  mixture  or  compound  of  tribasic  aluminium-silicate  with  silico-cJomioio 
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green  externally;  others  reil  fit  one  extremity,  and  green,  blue,  or  black  at  the 
other.  The  crystals  exhibit  dichroism  (iii.  670).  Their  streak  is  uncoloured. 
They  are  tninsparent  to  opaque;  unlike  in  transparency  across  the  prism,  and  in  the 
line  of  the  axis.  Transparent  tourmalines  transmit  light  only  when  polarised  in  a 
plane  perpendicular  to  their  principal  axis  (^iii.  656).  The  crystals  are  strongly  pyro- 
electric  (ii.  411). 

The  numerous  analyses  which  have  been  made  of  tourmaliues  (for which  see  Ram- 
melsberg's  3/j«fra/cA«/wi>,  pp.  C73-C79 ;  Dana's  Minercdogy,  ii.  272),  show  that 
those  mineral.-)  contain,  as  protoxides,  magnesia,  ferrous  oxide,  manganous  oxide,  lime, 
lithia,  potash,  soda,  and  that  the  relative  proiwrtions  of  these  bases,  especially  of  the 
magnesia,  ferrous  and  manganous  oxides,  var)'  within  very  wide  limits :  hetce  Ham- 
meUberg,  tu  whom  the  greater  number  of  these  analyses  are  due,  divides  tourmalines 
into  magnesium -tourmalines,  magnesium-iron  tourmalines,  iron -tour- 
malines, iron-manganese  tourmalines,  and  manganese-tourmalines;  the 
last  two  varieties  contain  lithia,  the  others  do  not.  The  sesquioxides  contained  in 
tourmalines  ai*e  alumina,  and,  according  to  most  authorities,  likewise  ferric  and  man- 
ganic oxides;  according  to  A.  Mitscherlich,  however  (J.  pr.  Chem.  Ixxxvi.  1),  the 
iron  and  manganese  in  tourmalines  are  wholly  in  the  state  of  protoxide.  All  toorma- 
lines  likewise  contain  boric  oxide  or  anhydride,  B-O',  which  may  bo  regarded  as 
replacing  part  of  tlie  alumina.  As  the  most  general  expression  of  the  composition  of 
tourmalines,  Bammolsberg  gives  the  formula  i 

(2M^O.SiO^)  .  w(R»0»;B«0>)SiO«, 

M  denoting  a  monatomic  metal  (2  at.  of  which  may  of  course  be  replaced  by  M"),  and 
K  a  trlatomic  metal.  Must  tourmalines  contAin  also  a  small  quantity  of  fluorine, 
which  (as  in  topaz)  may  be  regarded  as  rc'placing  part  of  the  oxygon.  Por  the  full 
discussion  of  the  formula,  see  K  ammelsberg  {loc.  cit.). 

The  following  are  examples  of  the  composition  of  the  several  varieties  of  tourma- 
line above  enumerated,  according  to  analyses  by  Kammelsberg : — 

a.  Magnesium-tourmaline,  from  G  ouvemeur,  iSt.  Lawrence  County,  New  York : 
brown;  specific  gravity  =■  3*049. — b.  Magnesium-iron  tourmaline,  from  Texas, 
Lancaster  County,  Pennsylvania :  very  thin,  dark-green,  translucent ;  specific  gravity 
■■    3*043.— c.   Iron-tourmaline,   from   Sonnenberg,   near    Andreasberg,   in   the 
Harz:  specific  gravity   «>   3*243  (the  heaviest  tourmaline). — d.  Iron-manganeso 
tourmaline,  from  Elba:  green,  often  reddish  or  blackish  at  one  end;  specific  gra- 
vity »   3*112. — e.  Manganese-tourmaline,  from  Paris,  in  the  State  of  Maine: 
dark-red;  specific  gravity  =  3*019: 

Fluorine    .        .  2*28  2*30  1*64  2**35  2*68 

Phosphoric  anhydride .      .  0*20  012  .      .  0*27 

Silica         .         .  38*85  38*45  36*51  38-19  38*33 

15oric  anhydride  8-25  8*48  7*62  7*39  900 

Alumina   .         .  31*32  34*66  32*92  39*16  43*15 

Manganic  oxide  .      .  .      .  .     .  4*74  1*12 

Ferric  oxide       .  1*27  3*31  8*13  3*14 

Frrrous  oxide   .  .      .  0*09*  9*62t  ? 

Magnesia.         .  14*89  9  11  0*78  100  1*02 

Lime         .         .  1*60  0*71  0*72  0  84 

Soda          .         .  1*28  2*00  1*36  2*40  2*60 

Lithia        ....  .      .  .      .  0*74  M7 

Potash       .         .  0*26  0*73  0^68  0;34  0*68 

Loss  by  ignition  3*19  '3*30  2*31"  3^8'  "s'ei 

The  colour  of  tourmalines  varies  according  to  their  composition :  red  tounnnlinc« 
(ruhei/itt;  tsUferite,  </</o//n7/',  <i;yr/Y<!)  are  those  which  contain  lithium  and  manganese, 
with  little  or  no  iri>n  (manganese-tourmalines);  the  violet-blue  and  green  varieties 
eonerally  contain  lithium,  iron,  and  manganese  (iron-manganese  tourmalines) ;  thA 
black  (achorl)  are  cither  iron-  or  magnesium-iron  tourmalines  ;  the  yellow  and  brown 
mostly  magnesium-tourmalines.  Hence  the  chemical  characters  of  tourmalines  vary 
to  A  consiilerablo  extent,  aci-ording  to  their  colour. 

Tourmalines  not  contiining  lithia,  when  heated  before  the  blowpipe,  form,  with 
strong  intumesenee,  and  more  easily  in  proportion  as  they  contain  more  iron,  white  or 
yellowish  masses,  which  afterwanls  melt  to  white,  yellowish,  or  grey  slags.  Heated 
with  fluor-spar  and  acid  sulphate  of  potassium,  they  give — like  all  other  tounmUiues — 
the  reliction  of  boric  acid.  ^L&gnosium-iron  tourmalines  yield,  nHer  swelling  up,  a 
white,  grey,  yellowish,  greenish,  or  brown  slag ;  iron-tourmalines,  after  intumi'sccuce, 

•  Manganous  oxide.  t  CoiiUlning  0*11  mnnganoui  osidr. 
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tribenz}'lamine  remains  undissolved,  and  tho  solution  contain?,  together  with  sal- 
ammoniac,  the  hydrochlonito  of  benzylaminc,  and  probably  also  of  dibenzylamine.  The 
hydrochlorate  of  benzylamine  is  separated  from  the  more  soluble  portion  by  fractional 
crystallisation ;  and  the  free  base  scpanited  from  this  salt  by  potash  is  aissolred  in 
ether,  freed  from  ether  by  evaporation,  dehydrated  by  fused  potash  out  of  contact  with 
the  air,  and  then  distilled — the  portion  which  gives  over  at  182°  being  collected  apart. 
Por  complete  purification,  it  is  converted  into  the  solid  carbonate  by  exposure  to  « 
stream  of  dry  carbonic  anhydride ;  the  carbonate  is  washed  with  anhydrous  ether, 
and  dissolved  in  hydrochloric  acid  ;  and  the  crystallised  hydrochlorate  is  decomposed 
with  potash  as  above. 

Benzylamine,  thus  prepared,  is  a  colourless  liquid,  not  altered  by  light,  and  boiling 
at  182^ — 183^.  (Toluidiiie,  described,  a*-  vol.  i.  p.  575,  as  benzylamine,  is  crystalline  at 
ordinary  temperatures,  and  melts  at  -  ^).  It  mixes  with  water  in  all  proportions 
(toluidine  is  but  slightly  soluble  in  cola  water)«  and  is  separated  therefrom  by  potash, 
with  faint  yellowish  colour.  It  absc^rbs  carbonic  anhydride  rapidly,  forming  a  ci^s- 
talline  compound ;  has  a  strong  alkiiline  reaction ;  forms  white  fumes  with  hydrochlo- 
ric acid,  and  unites  with  acids,  producing  rise  of  temperature.  Altogether,  it  appears 
to  be  a  frtronger  base  than  toluidine. — Htfdrochlorate  of  benzylamine^  C'lPN.IICl, 
ciystallises  in  striated  tables  ;  the  chhropJatinate  in  orange-eoloured  laminae. 

Dibenzylamine^  (C'II')^HN,  isomeric  with  benzyl  toluidine,  has  not  Iteen  isolated, 
but  appears  to  be  formed,  together  with  mono-  and  tri-benzylamiue,  in  the  process 
above  described. 

Tribenzylainine,  (C'll')*^,  isomeric  with  dibcnzyltoluidino  (p.  866),  has  been 
already  described  (i.  674). 


C«IIM 
II  ) 


•     Phenyl •benzyla7ninejC^nV*}^  «  Cai'^N.    (Fleischer,   Ann.  Ch.  Pharm. 

II  ) 

cxzxviii.  p.  225:  Bull.  Soc.  Chim.  [1866],  ii.  235.) — This  base,  isomeric  with  Hof- 
maun's  tolylaniline  {iv.  454),  is  produced  by  mixing  aniline  with  benzylic  chloride 
(boiling  at  170^).*  The  mixture  becomes  hot,  and  deposits  white  cr^'stals,  consisting 
of  hydrochlorate  of  aniline,  together  with  phenyl-benz}'lamine : 

Cn'Cl  +   2C«H'N     -     C-II'N.IICl  +  C'>H»N. 

The  mixture  must  be  heated  to  160°  for  twenty-four  hours,  to  complete  the  reaction  ; 
and  on  dissolving  out  the  hydrochlorate  of  aniline  from  the  product  by  water,  the  phenyl- 
benzylamine  remains  as  an  oil,  which  is  converted  by  hydrochloric  add  into  crystals  of 
the  hydrochlorate,  C"]{''N.HC1.  On  decomposing  this  salt  with  soda,  and  distilling 
the  liberated  base  under  a  pressure  of  45  millimetres,  the  greater  part  passes  over, 
between  200^  and  220°,  in  the  form  of  an  oily  liquid,  which  solidifies  at  a  low  tempera- 
ture, and  may  be  purified  by  pressure  between  bibulous  paper,  and  recrystallisation 
from  boiling  alcohol. 

Phonyl-benzylaminecrj'stallises  in  colourless  four-sided  prisms,  insoluble  in  water, 
but  soluble  in  alcohol  and  in  ether.  It  melts  at  3*2°,  remains  in  a  state  of  surfusion  nt 
12^  and  boils  under  the  ordinarv  pressure  at  a  temperature  above  310°.  (Tolylaniline 
melt4»at87^  and  boils  at  334'^*).— 'r*»<?  ht/rlmchloratr,  C'>H"N.IIC1,  forms  oolourh-ss 
crystals.— The  oxalate,  (C'«II'>X)*.C*H-0\  forms  white  lamina.— The  base  forms,  with 
ch/oride  of  cadmium,  the  compound  C'«II"N.CdCR 

Phenyl-benzylamine,  fused  with  mercuric  chloride,  forms  at  first  a  green  mass, 
which  dissolves  in  alcohol  with  fine  blue  cob>ur ;  but  by  the  prolonged  action  of  heat, 
this  mass  assumes  a  dark  colour,  and  then  forms  with  alcohol  a  crimson  solution. 

Phenyl-benzylamine  treated  with  chloride  o/ltrnzoyl  forms  phenyl-bcncyl-ben- 
lamido,  (C*Il*)(Cni^)(C'II*0)N,  which  crj-stalliscs  in  oblique  prisms. 

TOIiVOA.    8yn.  with  Toluene. 

TOXiVOZiZO  AOXO.    Syn.  with  Toluic  Acid. 

TOZiVOVZTBZliB.    Syn.  with  Bbxztlctanidk  (i.  573). 

TOZiVOSAXiZCTZ,  or  TOZiV08AZiZCTZiO&.     Soe  Salictlol  (p.  1 70). 

TOZiVOZTZta  (Tiro.— The  radicle  of  toluic  acid  and  its  derivatives.  (Footnote, 
p.  869.)  11 

TOiinucAczB.  C"H'NO«  -  ^^c"iro 

H 

Inie  Arid.      (Kraut,   Ann.   Ch.  Pharm.  zcviii.  360.)— An   acid    homolognns  with 

•  rhI"rofiiIiieiif  firrorihii?  ♦«  ricl»(hf  r),  but  the  l)o'l  njy-f'' "*  •^<>*''  'I'*'  t''c  cmpMimd    ii>rd 
VMS  rr*\\\  Itr  lyllc  i  hloril«*  li»   8.M  . 


•  Q. —  Toluglyctc  Acid,     Gfycorol-tO' 
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the  suborder  Cichoracea,  contains,  according  to  Sprengel  (J.  f.  iechn.^  Chcni.  riii. 
363),  in  100  pts.  of  the  fresh  plant,  790  water,  19*9  organic  substance,  and  1*10  ash. 
The  ash  free  from  carbonic  acid  contains,  in  100  pts. : 


K«0. 

Ni»0. 

CaO. 

MrO. 

APO'. 

Fe»03. 

Mn»0». 

SIO«. 

SOS. 

pto\ 

CI. 

24-6 

2-4 

33-9 

7-4 

1-4 

0-3 

0-2 

3-9 

8-6 

9-8 

7-4 

S102. 

Fe«0» 

Mn'O^. 

CmO. 

MgO. 

K20. 

Ka^O. 

a. 

SO>. 

27  34 

23-40 

14-70 

17-65 

615 

606 

2-71 

0-46 

2-63 

28-66 

29-62 

757 

14-91 

7-56 

6-89 

1-41 

0-65 

273 

4-84 

68-60 

9-63 

9-77 

0-91 

1-26 

0-62 

0-41 

3-92 

1-90 

Ml 

0-15 

42-24 

1808 

907 

9-21 

118 

1703 

A  term  applied  by  Graham  to  the  passage  of  gases  and 
liquids  through  capillary  tubes.     (See  Gasbs,  ii.  820 ;  and  Liquids,  iii.  722.) 

TJLA.srsiTDATZOir.  A  physiological  term,  denoting  the  passage  of  liqnids  from 
the  bloodvessels,  without  laceration  or  perforation,  into  closed  or  open  cavities  of  the 
body,  into  the  pircnehyma  of  the  organs,  or  sometimes  on  to  the  sur£ice  of  the  body. 
(See  Serous  Fluids,  p.  235.) 

TRAP.  A  geological  terra,  which  was  applied  to  melaphyre,  basalt,  dolerite, 
diabase,  g^ibbro,  &c.,  and  generally  to  more  or  less  compact,  dark-oolonred,  emptire 
rocks,  before  the  several  species  wore  distinguished  according  to  their  constitnents. 
Trap'jtorphyry  is  an  old  name  for  the  so-called  greenstone-porphyries,  melaphyres,  and 
phonolitey. 

TRikPA.  The  mineral  constituents  of  this  water-plant  and  of  the  water  of  a  pond 
near  Niirnberg, in  which  it  grows,  have  been  examined  by  Gornp-Besanez  (Ann. 
Ch.  Pharra.  cx^nii.  220  ;  Jahrcsb.  1861,  p.  751). — A  is  the  composition  of  the  ash  of 
the  plant  gathered  in  June  (stem-leaves,  radical  leaves,  and  roots) ;  B,  that  of  the 
plant  gathered  in  May;  C  that  of  the  fruit  (the  whole  in  percentages,  after  deduction 
of  charcoal  and  sand) ;  D,  the  composition,  in  100  pts.,  of  the  ignited  water-residue 
(amounting  to  08044  pt.  in  10,000  pts.  of  water) : 

A»h 

per  cent. 

A.  16-92 

B.  29-46 

C.  7-75 

D.  .     . 

From  the  considerable  proportion  of  iron-  and  manganese-oxides  in  the  ash  of  the 
plant,  and  from  the  different  proportions  of  the  several  constituents  in  the  plant-ash 
and  in  the  water,  Gorup-Bcsanez  concludes  that  water-plants  possess  the  power  of 
selecting  the  constituents  of  the  nutritive  matters  presented  to  them. 

TRASS.  A  volcanic  mass  resembling  pumice,  and  containing  silicates  decompos- 
able by  slaked  lime,  so  that  it  is  available  for  the  preparation  of  cements.  (See  Siu- 
CATES  OF  Calcium,  p.  251.) 

TRAVBRSBLXiZTB.  A  name  applied  by  Scheerer  (Pogg.  Ann.  zciii.  109) 
to  certain  pseudomorphs  of  hornblende  after  augite  (regarded  by  him  as  paramorphs, 
iv.  350),  occurring  at  Traversella  in  Piedmont.  Th»fse  pseudomorphs  are  remarkable 
for  retaining  the  form  of  the  augite  crystals,  while  the  substance,  in  consequence  of 
the  transformation,  has  acquired  a  fibro-crystalline  structure,  so  that  the  augitic 
crystals  are  made  up  of  parallel  fibres. 

TRBVSRTXXSro.  Calcareous  tufa,  occurring  at  Tivoli,  Viterbo,  Ascoli,  and  other 
places  in  Central  Italy. 

TRBBAXAf  or  TRZCAXiA.  A  substance  imported  from  Persia,  and  consisting 
of  the  hollow  cocoons  of  a  coleopterous  insect  {Larinus  maculatiis).  The  larva  of  this 
insect  eats  the  branches  of  Echinopa  persicQ^  for  the  sake  of  the  sugar,  starch,  and  gum 
contained  in  them,  and  afterwards  voids  these  substances  to  form  its  cocoon.  The 
organic  portion  of  trehala  consists,  according  to  Guibourt(J.  Pharm.  [3],  xxxiv.  81; 
Jahrosb.  1858,  p.  485),  of  66-6  per  cent,  starch,  4*6  sparingly  soluble  gum,  28-9  sugar, 
and  bitter  principle.  The  sugar,  called  trehalose,  appears  to  be  identical  with  the 
mycosc  of  ergot-of-rye  (iii.  1698).  The  starch  differs  from  that  of  the  potato,  being 
more  like  that  of  sago,  or  still  more  like  the  insoluble  portion  of  gum-tragacanth. 
Trehahi  yields  4-6  per  cent,  ash,  of  which  3  pts.  are  soluble  in  water,  and  consist  of 
alkaline  carbonates,  sulphates,  and  chlorides,  with  small  quantities  of  phosphate  ;  1*4 
pts.  insoluble,  consisting  chiefly  of  calcic  carbonate  with  a  little  ferric  phosphate ;  and 
0-2  sand.  Trehala  has  a  sweetish  taste,  swells  up  in  water,  and  is  converted  into  a 
thick  mucilaginous  paste. 

See  Mtcose  (iii.  1068). 

A  genus  of  gelatinous  algae.  TV.  mesenterica  was  found  by  Brandes 
to  contain,  in  the  dry  state,  84  pts.  of  a  substance  which  swelled  up  in  water,  and 
5  pts.  of  a  peculiar  erystallisable  resinous  body,  called  tremellin,  but  not  further 
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:  oeP  «  134®  0';  ooP  :  <xP  =-  92®  0';  oofao  :  oof 2  «  152^  38*;  oofoo  :  2fl 
-  142°  19';  c»P:2p2  «  147^37';  «f 2  :  2P2  -  153°  1'.  The  ciystals  clrave 
perfectly  parallel  to  oof  ao .  The  acid  is  easily  soluble  in  water  and  in  alcohol,  spar- 
ingly soluble  in  ether,  and  has  an  agreeably  acid  taste.  It  resembles  succinic  kcid  in 
not  being  decomposed  by  nitric  acid,  and  in  forming,  after  neutralisation,  a  red-brown 
precipit^'ite  \rith  ferric  chloride ;  but  it  is  distinguished  from  that  acid  hy  melting  at 
168°,  and  decomposing  at  a  higher  temperature.     (Simpson.) 

Tricar  b  a  Uylate  s. — The  neutralised  solution  of  the  acid  gives  precipitates  with 
the  clilorides  of  barium  and  calcium  only  afler  addition  of  alcohol. — The  oarium-aalt, 

C"II»«Ba»0»*.6lI-0,  gives  up  its  water  at   130°  (Hlasiwetz). — The  calcmm-MU, 

C"H"'Ca'0'*.4lI-0,  is  a  white,  amorphous,  slightly  soluble  powder. — ^The  cuprie  Mtdl, 

C"H'«Cu»0»»,  is  a  bluish-^en,  the  lead-saH,  C"H"Pb*0'«,  a  white  precipitate.  The 
aqueous  solution  of  the  acid,  boiled  with  recently  precipitated  mercuric  oxide,  yields  a 
filtrate,  which  on  evaporation  deposits  white  crystals,  hanng  a  silvery  lustre. — The 
BUi\r-saH  coiitainp  C^H^Ag'O*. — The  sodium-salts  of  tricarballylic  ucid  are  easily  sola- 
ble.  and  difficult  to  crystallise. — The  disodic  salt  has  probably  the  composition 
C«H«Na«0*.2U^0.    (Simpson.) 

TRXCA&BAXATZiXC  STKSS8.    The  ethylic  ether,  ?^^y  \  0\  is  formed  by 

passing  hydrochloric  acid  gas  into  a  solution  of  tricarballylic  acid  in  absolute  alcohol, 
and  distilling  the  product,  after  freeing  it  from  excess  of  alcohol.  It  is  a  colourlras 
liquid,  boiling  between  295°  and  305°,  slightly  soluble  in  water,  and  having  a  shaip 
taste.     (Simpson.) 

The  amf/licetliert^  /rj4Hir.j(0'»  Prepared  in  like  manner,  is  a  heavy  oily  liquid, 

having  a  sharp  taste,  and  a  very  high  boiling-point     (Si  mp son.) 

(C-H*0>ri 
Glyccrin-iricarballylic  acid,      (C*H*)'*  >0*  ?,  is  formed  by  heating  tricarballylic  acid 

with  twice  its  weight  of  glycerin  to  200°  for  several  hours.  On  neutralising  the  pro- 
duct with  baryta,  and  treating  the  salt  left  on  evaporation  with  absolute  akohol,  to 
remove  the  excess  of  glycerin,  a  barium-salt  is  obtained,  which  appears  to  have  the 

composition      (C'H*)"'>0*.    (Simpson.) 

Ba'-n-) 


Cu'As'0\5H'0. — A  cuprie  arsenate,  allied  to  tyrolite,  occur- 
ring in  stellate  groups  and  dendritic  crusts  on  fahl-ore  at  an  unnamed  locality  in 
Siberia. 

It  hiis  a  verdijjris-grecn  colour  and  silky  lustre ;  hardness  ■■  2.  When  heated  in 
a  tube,  it  decrepitates  very  strongly,  gives  off  a  large  quantity  of  water,  and  becomes 
dark -brown.  The  dehydrated  mineral  melts  to  a  bead  on  charcoal,  in  the  outer  blow- 
pipe-flame ;  in  the  inner  flame  it  gives  off  arsenic  vapours,  and  is  reduced  to  granules 
of  copper.  It  dissolves  easily  and  completely  in  hydrochloric  and  in  nitric  acid, 
without  evolution  of  gas.     (R.  Hermann,  J.  pr.  Chem.  Ixxiii.  212.) 

TRZCKOPTRZTB.  Syn.  with  Capillary  Pyrites  or  Native  Sulfhide  of  Nickel 
(iv.  42). 

TRZCXifLSZTB.     Syn.  with  Fahlunite  (ii.  615). 

TRZDACZITM'.     Syn.  with  Thridacitjm  (p.  788). 

TRZDSCnrXi,  am>RZX>Z:  or.  C'>H«  =  C'>H".n.  Hydride  of  Codnyl.-^k 
hydrocarbon  of  the  marsh-gas  series,  occurring  in  American  petroleum.  It  boils  at 
216°— 218°,  has  a  strong  turpentine-like  odour,  burns  with  a  verj-  smoky  flame,  and  is 
converted  ]»y  chlorine  into  chloride  of  tridecyl,  C'H^'Cl.  (Pelouze  and  Cahours, 
Jahrcsb.  1863,  p.  530.) 

TRZfiTHTZiGXiTCB&Zir,  or  TBZSTHTXiZW.    C*H*»0'   «   i^^pClo*.    — 

This  compound,  which  Reboul  and  Lourcen90  obtained  by  treating  diethyl-chlorhy- 
drin  with  sodium-ethylate  (ii.  884),  is  likewise  produced  by  heating  1  vol.  acrolein, 
1  vol.  alcohol,  and  0*5  vol.  acetic  acid  to  100"^ ;  also,  in  small  quantity,  by  gently  heating 
a  mixture  of  acrolein  and  alcohol  saturated  with  sulphurous  acid  gas  ;  but  in  this  case 
brown  resinous  products  are  likewise  formed. 

Triethylin  is  a  liquid  having  a  pleasant  ethereal  odour,  somewhat  soluble  in  water, 
boiling  at  186°,  and  of  specific  gravity  0-8955  at  15°      (A  Isberg,  Jahresb.  1866,  p. 
^'i.) 
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See  the  next  article. 


»Kirmon8  OOXyomrBS.  (A.  v.  Oeffele,  Chem.  Sue. 
J.  xvii.  106;  Ann.  Ch.  I'harm.  czxxii.  82;  Jahresb.  1864»  p.  478. — Cahours,  Ann. 
Ch.  Pharm.  czzxr.  352;  cxzx>n.  151;  Jahrenb.  1865,  p.  476. — Dehn,  Ann.  Cb. 
Pharm.  SutoI.  iv.  83  ;  Jahresb.  1865,  p.  479.)— Ethylic  monosulphide,  (C?H»)»S,  and 
ethylic  iodide,  when  heated  together,  unite  and  form  trie  thy  lie  sulph  iodide, 
(C'II*)*SI ;  this  compound,  decomposed  by  moist  oxide  of  silTer,  yields  theeorresponding 
hydroxylate,  (C^*)'S(HO) ;  and  from  this,  which  is  a  strong  base,  the  correspond- 
ing chloride,  sulphate,  nitrate,  &c.,  may  be  prepared  in  the  usual  way.    (v.  Oeffele.) 

Bromide  and  chloride  of  ethyl  unite,  in  like  manner,  with  ethylic  sulphide,  but  less 
readily  than  the  iodide.    (Cahours.) 

Triethylic  sulphiodide  is  also  produced  by  the  action  of  ethylic  iodide  on  ethylic 
sulphydrate  (mercaptan),  or  of  hydriodic  acid  on  ethylic  sulphide  (Cahours),  thus : 

(}«H».H.S  +   2C*H»I     -     (C*H*)»SI   ^.  HI. 
2(C«H*)«S  +   HI     -     (C«H»)»SI  +   C=n*.H.S. 

Triethylic  sulphobromide  is  further  produced,  together  with  other  sulphobromides 
of  ethyl  and  ethylene,  by  heating  ethylic  sulphide  with  ethylenic  bromide  and  water, 
the  reaction  taking  place  by  several  stages,  as  follows : 


(CnVyS  +   C«H*Br«     -.     (C«H*)S  +   2C  H»Br. 

KthTlfe  Ethylenic  Ethylenic  Rthylic 

tttlpnide.  bromide.  lulpbide.  btomlde. 


CH'S  +   C»H*Br«     =     (C«H«)«SBr«. 
Ethylenic  Ethylfuic  Ethylenic 

•alphide.  bromide.  eulphodibro- 

mide. 

(C'H*)-S  +   C-H»Br      -     (C2H»)»SBr. 

EtbTlic  Ethylic  Triethylic 

sulphide.  bromide.  sulphobro- 

mide. 

{Cm^yS  +   C«H*Br«     -     (C-'II»XC*H»)=SBr«. 

BthTlic  Ethylenic  Ethylene.dieihylic 

sulphide.  bromide.  solphodibromide. 

The  mode  of  septirating  these  products  will  be  described  further  on. 
The  constitutions  of  these  trietnylic  sulphur-compounds  may  be  repre^^cnted  in  three 
different  ways.     The  iodide,  for  example,  may  be  r«^garded : 

a.  As  triethylic  sulphiodide,  (C«H»)«|j.' 

fi.  As  iodide  of  triethylsulphine,  (C«H*)»S'".I. 

4  /rjjTj»\s 
y.  As  sulphurous  triethiodide,  &^y    j   '  . 

In  the  first  of  these  formulse  the  sulphur  is  diequivaleut,  in  the  second  triequiva- 

lent,  and  in  the  third  tetraequivalent>  as  in  sulphurous  acid,  TTt>0'*    ^^^   ^^    is* 

perhaps,  the  most  probable  view  of  the  constitution  of  these  bodies. 

In  the  ethylenic  sulphodibromide,  obtained  by  Dehn,  in  the  manner  above  men- 
tioned, the  sulphur  may,  in  like  manner,  be  regarded  as  hexequivalent,  as  in  sulphuric 
acid;  thus: 

(C*H«)'»Br»     -     Sulphuric  Kethylene-dibromide,  S'W  {C*U*)\ 

{     Br» 

((C-H*)' 
(C-H*)(C«H»)'SBr»     =     Sulphuric  Eihylene-diethyldibromide,  S'»^  (C«H»)«. 

(     Br« 

Sulphurous  Bromoiriethide,  S(CH*)*Br. — This  compound  is  produced,  as 
above  feitated,  by  heating  1  at.  ethylic  sulphide  with  1  at.  ethylic  bromide,  to  130^ — 
140^,  for  eight  or  ten  hours.  It  cryHtallis^  in  colourless  rhombic  needles,  is  ex- 
tremely soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether.  (Cahours; 
Dehn.) 

Sulphurous  Chloroiriethidf,  S(C*H*)^C1.— Ethylic  chloride  heated  to  100® 
for  sixty  hours  with  ethylic  sulphide  yields  only  traces  of  this  compound  (Cahours). 
Dehn  prepares  it  from  the  mixture  of  products  obtained  by  heating  ethylic  sulphide 
with  ethylenic  bromide  (supra)  as  follows: — The  watery  portion  of  the  product, 
containing  sulphurous  bromotriethidv,  sulphuric  dibromo-dicthylenide,  and  sulphuric 
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dibromo-ethylene-diothide,  is  separated  from  the  oily  layer  (containing  dicthylenic 


acid,  concentratod,  and  fraetioually  precipitated  with  platinic  chloride.     The  fimt 


scanty  procipitatc!*  ther«*by  obtained  consist  of  the  chloroplatinates  of  sidpharic  di- 
chloro-diothylonide.  S(C  H'^CRPtCl*.  and  sulphurous  dichloro-ethylcne-diethid**, 
S(C*II*)(C'U*)«Cl-.PtCl*;  finally,  the  chloroplatiuate  of  sulphurous  chlorotricthide 
crystallibPs  out ;  and  this  salt,  decomposed  by  sulphydric  acid,  yields  sulphurou 
chlon>triethidc. 

Sulphurous  chlorotricthide  volatilises  with  vapour  of  water,  deliquesces  in  mxAst 
air,  is  insoluble  in  ether,  very  slightly  soluble  in  alcohol,  and  crystallises  from  a 
syrupy  aqueous  solution  in  white  needles.  It  unites  with  metallic  chlorides. — The 
cMoromercuraUy  S(C*H*)*C1.4HgCl*,  crystallises  in  needles  or  laminae,  which  dissolre 
in  65'8  pts.  water  at  20°  (or  in  8  pts.  at  80°),  melt  and  partially  sublime  at  a  tempe- 
rature a  little  above  100°. — The  chloroatannate  is  a  very  soluble  salt,  crystallising  in 
needles.     (Dohn.) 

The  chloroplatinaie,  2S(C*H*)*Cl.PtCl*,  prepared  as  above,  crystallises  from  a  hot 
saturated  solution  in  small  light  red  needles,  and  by  slow  cooling  of  a  warm  non-satu- 
rated solution  in  garnet-red,  well-developed  crystals,  which  (according  to  A.  Knop's 
determination)  are  monoclinic,  and  usually  exhibit  the  combination  ooP  .  oP  .  ooPx . 
-f-  Poo ,  the  last  two  faces  being  subordinate,  and  sometimes  wanting,  whereby  the 
crystals  acquire  a  rhombohedral  character.  Ratio  of  axes,  a  \  h  :  c  =  0*6745  :  1 : 
11068.  Anglo  6:c  -  65°  6';  <xP  :  ocP  (clinod.)  «  78°  62';  ooP  :  oP  »  68« 
40' and  111°  20';  oP:  +?»  =  162°  0';  ooP  :  ooPoo  «  129°  36*.  The  crystals 
melt  at  about  170°,  dissolve  in  30  pts.  water  at  20°,  in  3  to  4  pts.  at  100°,  are  nearly 
insoluble  in  alcohol,  and  quite  insoluble  in  ether.     (Dehn.) 

Sulphurous  Ilydroxyltriethide^^^y  „.  J  ,  or  Hj/d  rate  of  Triethylsulphine, 

(C'H*)*S.HO,  prepared  by  agitating  or  boiling  the  iodide  with  recently-precipitated 
silver-oxide,  furms  a  strongly  alkaline  solution,  which  quickly  absorbs  carbonic  acid, 
precipitates  metallic  salts  like  hyJrjite  of  potifsium,  and  dries  up  over  oil  of  ritriol  to 
a  crystalline,  extremely  deliquescent  mass  (v.  Oeffele).  According  to  Dehn,  it  dis- 
solves the  skin  like  caustic  potash,  eliminates  ammonia  from  its  ebIXm  when  warmed 
with  them,  emitting  at  the  same  time  a  slight  odour  of  ethylic  sul^^ido :  forms  a 
green  precipitate  with  cupric  sulphate,  black  at  the  l>oiling  heat ;  white  with  rinc-sul- 
phate  and  lead-acetate,  the  precipitate  in  either  case  being  insoluble  in  excess ;  with 
alum,  &c.  it  forms  a  gelatinous  precipitate,  easily  soluble  in  excess. 

Sulphurous  lodotriethide,  S(C*H*)'I,  is  prepared  by  heating  equivalent  quan- 
tities of  ethylic  sulphide  and  iodide  to  105°— 110°  ;  or  1  at.  mercaptan,  2  at.  ethylic 
iodide,  and  1  at.  absolute  alcohol  to  140°.  It  separates  from  alcoholic  solution  in 
small  crystals,  belonging  to  the  trimetric  system,  and  exhibiting  the  combination 
00 poo  .  f  00  .  poo  .  ooP,  often  tabular  from  predominance  of  ooPoo ,  and  with  the  faces 
Poo  generally  occurring  hemihedrally.  The  salt  dissolves  easily  in  water  and  in  hot 
alcohol,  but  is  nearly  insoluble  in  ether  ;  when  heated  above  100°,  it  melts,  and  decom- 
poses into  ethylic  sulphide  and  iodide,  without  separation  of  iodine. — When  the  ether- 
»dcoholic  mother-liquor  remaining  in  the  preparation  of  the  iodide,  and  containing  a 
large  quantity  of  free  iodine,  is  shaken  up  with  mercnry.the  compound  S(C  H*)'l.HgP 
is  formed,  and  crystallises  from  alcohol  in  light-yellow  needles  or  laminae,  sparingly 
soluble  in  water.     (Dehn.) 

Sulphurous    Nitratotriethide,    S^M   jfo»  »  ^^   ^^trate  of  Tritthylsidphine, 

(C»H*)^SNO^  obtained  by  treating  the  hydrate  with  nitric  acid,  forms  deliquescent 
needles,  uniting  in  radiate  laminae ;  it  combines  with  nitrate  of  silver,  forming  the 
scaly  double  salt,  S(C«H*)«(NO»).AgNO>,  sparingly  soluble  in  cold  water  and  in 
alcohol. 

Sulphurous    Sulphatotriethide,    '^H^^^j\^^ 

[(CTI*)*S]*.SO«,  obtained  by  decomposing  the  chloride  with  silver-sulphate,  forms 
indistinct  crystalline  aggregates,  easily  soluble  in  water,  sparingly  in  alcohol. 

Acetate. — When  sulphurous  bromctriethide  is  decomposed  with  acetate  of  lead,  and 
the  filtrate  freed  from  lead  by  sulphydric  acid,  crystalline  crusts  are  formed,  which 
separate  from  alcohol  covered  with  a  layer  of  ether,  in  largo  crystals  containing  bro- 
mine— perhaps  a  compound  of  sulphurous  bromotriethide  with  sulphurous  acetotriethidc ; 
and  by  completely  removing  the  bromino  with  acetate  of  silver,  the  acet  otriethide, 
or  acetate  of  tricthylsulphine,  (CnP)^S(C-lI*0•),  is  obtained  as  a  gummy  mas.^ 
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slightly  soluble  in  absolute  alcohol,  and  precipitated  therefrom  in  flocks  by  ethor. 
(Dehn.) 

Sti/^Aurous  lodomethodiethide  and  lodo^amyldiethide  are  obtained,  like  sulphurous 
iodot  net  hide,  by  heating  el  hylic  sulphide  with  mcthylic  or  amylic  iodide.  The  former, 
treated  with  silver-oxide,  yields  a  deliquescent  hydrate  ;  and  from  this  a  platinum-salt 
may  be  obtained,  crystallising  in  needle;*,  and  containing  2CII'(C*H*)=SClJ?tCl*. 
(Cahours;  Dehn.) 


K^O. 

Na»0. 

CjiO. 

I.  36-4 

•        • 

22-6 

11.  221 

2-8 

26-6 

II.  34  7 

•    • 

24-5 

See  Tbitylphycitk  (p.  895.) 

The  ash  of  three  species  of  this  genus,  used  as  fr>dder  for  cattle — 
viz.,  ly. pnttfnse^ common  clover  (I.),  7V. pratense  perenne  (II.),  and  Tr.  virdium (III.) — 
hasl)con  analysed  by  Way  and  Ogston  (Roy.  Agr.  Soc.  J.  xi.  [2J,d36 ;  Jahresb.  1860, 
p.  C68),  with  the  following  results :  i  jj  ^^^ 

Water,  in  100  pts.  of  air-dried  substance.         .         .81*0         81-0        78*6 
Ash  per  cent,  in  dry  substance         ....       9'/>6        8*45        7*97 
Sulphur  per  cent,  in  dry  substance  ....       0-27        0*10        0*20 

Composition  of  the  Ash  in  li^Opis. 

MgO.  Fe«03.  SO*.  SIO«.  CO*.  P?0».  KCl.  NaCI. 

41         0-2  1-8         OG  23-6  67  24     15 

10-2         0-3  21         11  22-7  8-6  .    .     34 

4-5         0-2  11         0-6  26-5  6*4  08     2  5 

Way  (Roy.  Agr.  Soc.  J.  xiv.  [1],  171),  has  also  determined  the  percentage  composi- 
tion of  the  following  species : 

Water.       Aliiu-         Fat.        Sugar.     Cellu- 
min.  lo»«*. 

Tr.praUnse        ....     810  43  069  84  J3-7 

Tr. pratense perenne  .         .         .81-0  3-6  0*78  8*0  49 

7'r.  incarnatum  ....     821  29  067  67  5*8 

Tr.  medium        ....     741  63  0-92  9*4  62 

Tr, procumhcns  ....     835  3*4  077  7*2  37 

Tr.rt-pens 79  7  3*8  089  81  54 

Volcker  (Scott  Agr.  Soc,  J.,  July  1853),  gives  the  following  composition:  No.  I. 
for  'Vr.pratense  (red  clover) ;  No.  IL  for  TV.  repots  (white  clover) ;  No.  III.  for  Tr.hy- 
bridum  (Alsike  clover) :  i^  u^  ju 

Water 80-6  83*6  767 

Nitrogenous  substance         .         .  3'6  4*5  4'8 

Non-nitrogenous  substance          .  13*8  10*2  16*4 

Ash 2  0  1*6  20 

100  pts.  of  the  dry  seed  of  TV.  pratense  give  4*68  pts.  ash,  of  which  1*21  is  soluble  in 
water,  3*19  soluble  in  hydrochloric  acid,  and  0*28  consists  of  silica;  14*5  grms.  of  the 
air-dried  plant  of  TV.  pratense  grown  in  sand  yielded  0*96  grm.  ash,  and  the  same 
quiiiitity  of  the  plant  grown  in  artificial  soil  yielded  1*6  grm.  ash,  containing  respec- 
tively : 

In  t.tnd.       In  artificial 
•oil. 

Soluble  in  water    ....     0*52  0*66 

Soluble  in  hydrochloric  acid  .        .    0*35  0*94 

Silica 0*09  0*08 

0*96  1-68 

TXZOBWZC   ACZO.    C«H'N>0»  -  (CN)'O.C«H«(NH*)0.     ( W  6  h  1  e  r  and  L  i  e  - 

bip,  Ann.  Ch.  Pharm.  lix.  296.) — This  acid,  containing  the  elements  of  cyanic  anhy- 
dride and  aldehyde-ammonia,  is  obtained,  together  witli  other  products,  by  passing  the 
vapour  of  cyanic  acid  over  aldehyde.  The  action  is  violent,  and  therefore,  to  avoid 
projection,  only  a  few  grammes  of  aldehyde  should  be  used,  and  the  vet<8el  kept  cool 
with  ice.  The  mass  soon  enters  into  ebullition,  giving  off  carbonic  anhydriae,  and 
concretes  into  a  thick  substance,  like  calcined  borax ;  frequently  also  a  syrupy  mass  is 
obtained,  in  which  cr}'stalline  crusts  gradually  form.  This  product  contains  trigenic 
acid,  cyamelido,  aldehyde-ammonia,  and  perhaps  other  accidental  products.  On  dis- 
solving it  in  moderately  strong  hydrochloric  acid,  boiling  the  solution  as  long  as 
vapours  of  aldehyde  continue  to  go  off,  and  then  filtering,  the  trigenic  acid  crystallises 
out  on  cooling ;  if  yellow,  it  mu&t  be  decolorised  with  animal  charcoal.  Its  formation 
may  be  represented  by  tlie  equation : 

C-H*0   +   3CNH0     -     C*H'N'0«  +   C0». 

Alcihjde.  Cyjinlc  Trigenic 

acid.  acid. 

3l2 
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Trigenic  acid  crystallwes  in  «imiU  princns,  slightly  fiolable  in  water,  nearly  iiii»ola- 
ble  in  alcohol.  When  Hubjected  to  dry  distillation,  it  molts  and  carbonises,  giring  off 
alkaline  vapours,  which  hare  the  odour  of  chinoline,  and  appear  to  consist  of  that  alka- 
loid ;  cyanic  acid  is  also  produced. 

Trigonic  acid  is  not  precipitated  by  nitrate  of  silver  unless  ammonia  is  also  added, 
in  which  ciise  trigenate  of  silver^  C*H*AgN'0',  is  precipitated  in  the  form  of  a  powder, 
appearing  under  the  microscope  to  consist  of  crystalline  spherules  ;  when  exposed  to 
light,  it  acquires  a  violet  tint.  It  dissolves  in  boiling  water,  and  is  deposited  in 
the  pulverulent  state  on  cooling.  Between  120^  and  130°  it  gives  off  water,  and 
becomes  light-brown ;  and  at  160°  it  melts,  turning  black,  and  giving  off  a  thick 
vapour  having  the  odour  of  chinoline. 

TRZGZiOCBZV.  Arrow-grass. — A  genus  of  plants  belonging  to  tb^  juBcaginaceons 
order.  Tr.  moritimum  contains,  according  to  Sprengel  (J,  techn.  Chem.  v.  293;  vi. 
92),  in  100  pts:  760  water,  20*7  organic  substance,  and  224  ash  (I.).  Tr,  pafustre 
contains 76*0  percent,  water,  22*7  organic  substance,  and  2*12  ash  (IL).  The  ashesof 
these  two  plants  contain,  in  100  pts. : 

K20.        Na'O.         CaO.        MgO.       Al^CP.    FeSO*.  Mn^O^.  SiO«.         CI.         P20\        S^*. 

L  17-7         22-3         100         2-2         02         17       .    .       44        328         4-9         38 

II.  13-7         20-7         14-^         39         0*2         04       lo       61        130         0*6       261 

The  root  of  TV.  viarUimnm  is  said  to  yield  a  laige  quantity  of  starch. 

See  Gltcoixamic  Acids  (ii.  906), 

(C'H")*N. — Trictnanthyiamifif.  (Petersen  and 
Gossmann,  Ann.  Ch.  Pharm.  ci.  310 ;  cii.  312  ;  Jahresb.  1867,  p.  388. — Petersen, 
Ann.  Ch.  Pharm.  cxxxii.  168  ;  Jahresb.  1865,  p.  420.) — This  base,  originally  regarded 
as  trihex^Iamine  (tricapronylamine),  is  produced  by  heating  sulphite  of  cenanthyl- 
lunmonium  with  three  tiiaes  its  weight  of  a  mixture  of  quickliaM  aad  slaked  time : 

3(C•H'«X^'H*)S0«  +   3CaO     =     (C'H»)'N  +   2NH^  +   3Ca80«. 

It  is  also  formed  by  heating  cBnanthyl-amnionium-suIphite'by  itself  to  260® — 270°  in 
a  sealed  tube.  When  purified  by  boiling  with  sodrc  carbonate,  washing  with  water, 
and  rectifying  in  a  stream  of  hydrogen,  it  forms  a  liquid,  pale-vellow  by  transmitted, 
greenish-yellow  by  reflected  light,  and  strongly  efBorescent ;  it  has  an  alkaline  reac- 
tjoo,  a  peculiar  aromatic  odour,  -and  an  alkaline  aromatic  taste,  produdDg  afterwards 
A  scratching  sensation  in  the  throat.  It  is  lighter  than  water,  and  BMrly  insoluble 
therein,  easily  soluble  in  alcohol  and  in  ether.  It  precipitates  alumina  and  ferr'c  oxide 
^m  their  salts,  and  redissolves  them  in  excess  ;  does  not  decompose  ammonia-salts. 

The  base  turns  brown  on  exposure  to  the  air;  its  salts  are  all  derKfaesceat,  easily 
alterable,  and  form  oily  drops  or  syrupy  masses. — ^The  ch/oropfatintie,  2C**H**NG. 
PtCl^  separates  from  alcoholic  solution,  by  evaporation  in  a  vacuum,  in  yellow  shining 
scales. 

TTie  base,  left  in  contact  for  several  weeks  with  ethylic  iodide,  or  heated  with  it  to 
100°  for  24  to  48  hours,  forms  a  red  oily  mass,  esnsisting  of  iodide  of  triheptyL ethyl- 
ammonium,  (C'H«*)XC^n»)NI. 

I.  11  IS     -     (C'H")»J 

(CH*?) 

lC^lV)*\'S;'-Trimnanthi/ttJcne-diro8antlme.     (H.  Schiff,  Compt.   rend.   Ixi.  45; 
(CW)') 

Jahresb.  1865,  p.  420.) — Protlxiced  as  an  acetate,  by  the  action  of  cenanthol  on  crystal- 
lised acetate  of  rojwniline  at  ordinary  temperatures,  and  separated  by  potash,  from  the 
blae  alcoholic  solution  of  that  salt,  in  red  cr^-stalline  flocks  : 

2(C^H««)n«N»   +   3C'H'*0     -     (C'*n'«)«vC'H'«)»V  +   3H^. 

Roianiiinc.  lEaanihol.  Trihe|tt]rltdpne>diro»«- 

iiilinc. 

It  forms  crystalline  copper-coloured  salts,  insoluble  in  water,  and  several  platinum- 
salts.  Both  the  base  and  its  salts  decompose  nvtvi  below  100^,  especially  in  presence  of 
excess  of  cenanthol,  yielding  a  yellow  resinous  mass,  consisting  mainly  of  h  eptyli- 
dene-dibenzylidene-diamine,  C"H*N«  -  (C'IP*)(C»H«)*N«.  This  compound 
scarcely  exhibits  basic  properties,  but  nevertheless  forms  a  yellow  platinnm-salt, 
2(C''H**N*.HCl).PtCl*.  Its  formation  probably  takes  place  in  the  manner  represented 
by  the  equation : 

'i  rlhci'tyH«Unc-  II»'pljrliilrne-  llrptjlidene- 

dlrui  .11  liiii'.  iii|iliPii%lfi)ro  dilM'iirtHHrnr- 

dhii-.iiir.  dUii.inr. 


886  TRIMETHYL-TELLUROUS  COMPOUNDS. 

Sulphurous  Tribromo-ethenylhexmethide,  S' J (C^H*)'',  is  produced  by  oim- 

(     Br» 
bination  of  3  at.  mothylic  sulphidp,  ^CH')*S,  with  1  at.  monobromethylenic  bromide, 
C*H'Br.Br*.     It  is  crystal lisablo,  deliquescent,  and  reacts  with  silyer-oxido  like  the 
preceding.     (Cahours.) 

Iodoform  dissolves  easily  in  methylic  sulphide,  and  crystallises  out  unaltered,  on 
leaving  the  liquid  to  evaporate;  but  the  mixture,  if  heated  to  180®,  turns  brown,  and 
deposits  a  dark-coluurod  crystalline  mass,  analogous  in  composition  to  the  bromide  last 
decribod.     (Cahours.) 

TRZHSaTBTXi-TaXilbUSOTrS  COMPOinrBB.     (Cahours,^.  cit.)^Tel- 

lurous  iodotrimethide^   Te*^]^     j  ^ ,  produced  by  direct  combination  of  methylic 

telluride  with  methylic  iodide,  is  crystalline,  slightly  soluble  in  water,  easily  soluble 
in  alcohol.  The  alkaline  base,  obtained  from  it  by  the  action  of  Bilver-oxid«»,  yields, 
when  neutralised  with  hydrochloric  acid  and  treated  with  plutinic  chloride,  a  ckloro- 
plafinntr,  2(CIP)*TeClJPtCl*,  isomorphous  with  the  corresponding  snlphur-oompound. 
Similar  compounds  are  formed  with  ethylic  telluride  and  iodide ;  also  with  the  cor- 
responding selenidcs  and  iodides. 

See  DmonpmsM  (ii.  331). 

A  mineral  from  the  palaj^onite  tufa  of  Cape  Passaro,  in  Sicily, 
in  which  it  occurs  mixed  with  siderosilicite.  It  contains  31*82  per  cent.  SiO*,  33*95 
Fe-0»,  5-26  APO',  2-52  CaO,  457  MgO,  419  Na-0,  and  3*4  K*0.  (S.  v.  Walters- 
bauson,  Vidcanische  GeateinCy  p.  232.) 

TRZCEir AM  TU  V  JU AKXV8.     Syn.  with  TniHEPTTLAMiNB  (p.  884). 

THZ(BWAXrTB'VXZBSWZ:-DZ&08AVZZiZirB.     Syn.  with  Tjuhkptyudkxx- 

DIROSANILINE  (p.  884). 

TRZOZZiZTZS.  A  name  applied  by  Haidinger  to  the  sulphide  of  iron,  FeS,  occur- 
ing  in  meteorites.     (Jahresb.  1863,  p.  905.) 

TSZOXAMTXiAMZVB.    (C^H"0)'N.     (J.  Erdmann,  Ann.  Ch.  Fharm.  czxx. 

211  ;  Jahresb.  1864,  p.  420.)— A  base  produced  by  heating  anhydrous  Taleial-ammo- 
nin,  or  a  mixture  of  valeral  and  strong  aqueous  ammonia,  to  130^  in  sealed  tubes  for  six 
or  eight  hours : 

3(C*H'«0.NH»)     -     (C*H"0)»N   +   2NH«. 

Erdmann  designated  this  base  as  triamylideyioxydammonia^  or  trioxamylidene  \  the 
name  and  formula  above  given,  which  represent  the  base  as  analogous  to  hydrobenza- 
mide,  &c.,  were  suggested  by  Petersen.    (Ann.  Ch.  Pharm.  cxxxii.  168.) 

To  obtain  the  pure  base,  the  oily  layer,  which  floats  on  the  liquid  when  the  reaction 
is  completed,  is  distilled  with  water;  the  non-volatilo  portion,  separated  from  the 
water,  is  dissolved  in  strong  hydrochloric  acid  ;  and  the  hydrochlorate,  (C*H"0)"N.HC1, 
which  separates  from  the  solution  in  crystalline  crusts,  is  washed  with  a  little  water, 
pressed  between  filter-paper,  recrystallised  from  alcohol,  w*ished  with  ether,  and  then 
whaken  up  with  ammonia  and  other.  The  resulting  solution  yields  the  base,  on  evapo- 
ration, as  a  colourless  viscid  oil,  having  a  pimgent  odour  when  warm,  and  a  specific 
gravity  of  0*879  at  22°.  It  is  partially  decomposed  by  distillation,  with  evolution  of 
ammonia,  has  a  strong  alkaline  reaction,  is  but  slightly  soluble  in  water,  easily  solu- 
ble in  alcohol,  and,  when  once  separated,  unites  but  slowly  with  acids,  forming  crys- 
tallisablo  salts.— The  chloroplatinate,  2(C'*H"0"N.HCl).PtCP,  is  resinous,  and  crys- 
tallises from  alcohol  in  yellowish-red  granules. 

Trioxamyl amine,  heated  for  several  hours  with  ethylic  iodide,  is  partially  acted  on, 
forming  an  iodid**,  which,  when  treated  with  silver-oxide,  yields  a  very  bitter  alkaline 
Iwise,  obtainable  in  the  form  of  a  soft  yellowish  resin. 

Syn.  with  Pseudopurpcrin.    (See  Puupurix,  iv.  751.) 

See  Protein  (iv.  738). 

A  variety  of  anhydrous  calcic  sulphate,  composed  of  contorted 

plates. 

Syn.  with  Spodumene  (p.  403). 

Lithio-ferroso-manganous     phosphate,    (Li*;Fe;Mn'^*P*0'. 
(See  Phosphates,  iv.  672.) 


A  name  sometimes  applied  to  salts  containing  three  diffe- 
rent bj\8cs,  such  as  microcosmic  salt,  Na(NH^)IIPO*. 
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Fenoeo-maoganoos  phosphate.  (See  Phosphates,  iv.  571.) 

Syn.  with  Thomsonitb  (p.  784). 

Quarz  aiuminijere  tripoUen.  Araile  trijpoiienne.  Terra  tripoHtana. — 
A  mineral  consisting  chiefly  of  silica,  with  small  quantities  of  alumina,  ferric  oxide, 
and  water,  occurring  maHsive  in  beds  and  nodules  in  various  formations.  Its  struc- 
ture is  coarsely  or  finely  earthy,  sometimes  rather  slaty  in  the  mass ;  of  whitish,  yel- 
lowish, greyish  to  blackish  colour;  sometimes  spotted  or  striped;  dull;  opaque; 
somewhat  rough  to  the  touch ;  soft  to  friable,  and  of  specific  gravity  1*86  to  2*7.  It 
may  be  regarded  as  an  earthy  variety  of  opal. 


H*S*0*.    See  Sulphub,  OxTosx-Acms  of  (p.  639). 

A  name  sometimes  applied  to  the  gluten  of  wheat. 

A  genus  of  grasses  including  wheat.  The  rootstock  of  TV.  repent 
(couch-grass)  is  distinguished  by  its  sweetish  taste.  Pfuff  found  in  it  a  peculiar  sugar, 
which  Berzelius  regarded  as  mannite.  St  en  house  (Ann.  Ch.  Pharm.  li.  354),  by 
exhausting  the  extract  of  the  plant  with  alcohol,  obtained  no  mannite,  but  necdle- 
sliaped  crystals  of  acid  potassic  oxalate,  and  an  imcry stall isable,  easily  fermentable 
sugar.  Volcker,  however  {tfjid.  lix.  380),  has  frequently  observed  the  occurrence  of 
mannite  in  the  extract  of  couch-grass  root;  he  found,  indeed,  that  the  extract  of  roots 
grown  in  the  hot  and  dry  summer  of  1849,  solidified  almost  entirely  to  a  mass  of 
needles  of  mannite.    (Handw.  d.  Chem.  viii.  1031.) 

Kespecting  the  composition  of  wheat  (TV.  vuigare,  &c),  and  of  its  ash,  see  Cereals 
(i.  824—828). 


A  hydrated  silicate  of  cerium,  lanthanum,  calcium,  &c.,  occurring 
in  the  syenite  of  the  island  of  Lamo,  near  Brerig  in  Norway,  in  imbedded  tetrahedrons 
exhi biting  no  distinct  clearage,  but  only  a  conchoidal  firacture.  Hardness = 5*5.  Specific 
gravity  ■•  3*90  to  4'66.  Colour  brown  to  yellow ;  streak  yellowish-grey.  Lustre 
semi- metallic.  Opaque  or  translucent  on  the  edges  only.  AVhen  heated  before  the 
blowpipe,  it  often  splits  violently,  swells  up,  and  turns  white.  With  borax,  it  forms 
a  reddish -yellow  bead,  becoming  colourless  on  cooling ;  when  heated  in  a  tube,  it  gives 
off  water  and  fluorine.  In  the  pulverulent  state,  it  dissolves  in  hydrochloric  acid,  with 
evolution  of  chlorine  and  separation  of  gelatinous  silica. 


A  term  formerly  used  to  denote  the  third  in  a  series  of  oxides,  the 
first  and  second  terms  of  which  were  called  protoxide  and  deutoxide.  (See  Noukn- 
CLATURB,  iv.  123.) 


(better  known  as  VSOVTXi)  is  the  third  radicle  of  the  series  C"H*»**. 
Existing  in  combination,  its  formula  is  C*H^  In  the  free  state  it  can  hardly  be  said 
to  bo  known  as  an  actual  substance,  but,  in  accordance  with  received  doctrines,  its  for- 
mula must  be  C*II'*,  and  it  is  probably  identical  with  the  hydride  of  hexyl  occurring 
in  petroleum  (iii.  153). 

Ipotrityl,  or  isopropyl,  differs  from  propyl,  and  has  been  obtained  by  Schor- 
lemmor  (Proc.  Roy.  Soc.  xvi.  35),  by  acting  on  iodide  of  isopropyl  with  sodium  in 
presence  of  ether.  It  is  a  colourless  mobile  liquid,  resembling  the  hexyl-hydride  of 
petroleum  in  smell,  but  ha\'ing  a  lower  boiling-])oint,  viz.  58°.  Specific  cravity  at  10^ 
=  0-6769.  It  is  easily  attacked  by  chlorine  in  the  cold,  yielding  C'H'^Cl.  With  chlorine 
and  iodine  it  gives,  not  C*H'*C1,  but  C*H'*C1^  and  products  still  more  highly 
chlorinatc-d.     Dilute  chromic  acid  oxidises  it  to  acetic  and  carbonic  acids. 

Isopropyl  combines  with  alcohol-radicles  when  it  is  liberated  nascent,  in  presence  of 
the  radicles  also  in  the  nascent  state.  Thus  Schorlemmer  {/oc.  cii,)  obtained 
amylisopropyl,  C"H",  a  colourless  liquid,  boiling  at  109^ — 110-^,  and  of  specific 
gravity  0G980  at  1 6*5°,  by  attacking  a  mixture  of  iodide  of  amyl  and  iodide  of  isopropyl 
with  sodium. 

The  difference  in  structure  between  normal  trityl  and  isotrityl  is  expresseil  by  the 
following  formulsD : 

Ci)in pound  or  Compound  of 

normal  tritvl.  l»oiritrl. 

/CH«CH>  /CIP 

n  p  I  CH» 

H  ^1H 

(See  Skconpart  Alcohols,  p.  216).    Our  knowledge  of  the  entire  trityl-group  is  very 
imperfect,  and,  for  the  most  part,  of  very  rccf  nt  date. 


888  TRITYL-  OR  PROPYL-COMPOUNDS. 

Of  normal  trityl-compounds  we  know  common  butjric  iicid,  which  is 

CII» 
CH«Gn>  I 

H  CH' 


or  I 


1 


ICOOH  I 

HOCO, 

being  "  propylated '*  acetic  acid,  or,  what  is  the  same  thing,  a  compound  of  normal 
propyl  with  oxatyl  (0  =  C-OH )'.     (F  r  a  n  k  I  a  n  d  and  D  u  p  p  a.) 

Propylamine,  obtained  by  Mondius,  who  treated  cyanide  of  ethyl  with  nascent 
hydrogen,  is  a  normal  trityl-compound,  giving,  as  Chapman  and  Thorp  have  shown, 
propionc-aldehyde  and  propionic  acid  when  subjected  to  the  process  of  **  limited 
oziaation." 

Hydride  of  propyl  must  belong  to  both  the  normal  and  the  iso-series,  as  is  obvious 
on  inspection  of  the  formulae : 

N  >rinal  propylie  hydride.  Itopropylie  hydride. 

^ 1 


CH'CH*  CH«  rCH«  CH« 

H 

H 


^  or  ill 


IH 


6w 


)^      or      cn« 


III 


dn* 


In  both  normal-  and  iso-hydride  of  propyl,  there  is  an  atom  of  carbon  which  is 
directly  united  with  two  atoms  of  hydrugen  and  with  two  equivalents  of  carbon  be- 
longing to  separate  atoms  of  carbon.* 

With  the  exception  of  butyric  acid  and  its  derivatives,  propylamine  and  its  deriva- 
tives, cyanide  of  propyl  and  propyl -hydride,  wherein  the  two  series  become  fiised 
together,  there  is  at  the  present  dJate  (1867)  no  known  compound  whieh  can  be  said 
with  certainty  to  contain  normal  propyl.  Whether  a  numerous  set  of  normal  propyl- 
compounds  is  inherently  impossible,  or  only  not  discovered,  remains  to  be  seen. 

One  of  the  earliest  (if  not  the  earliest)  recognitions  of  thetrityl-group  is  to  be  found 
in  Chancel's  note  in  the  Comptes  Rendus,  xxxvii.  410  (1853),  which  describes  a 
trityl-alcohol  extracted  by  fractional  distillation  from  largo  quantities  of  crude  amylic 
alcohol.  Great  uncertainty  surroimds  this  research  of  Chancel's,  which  requires  con- 
ftrmation  by  the  much-improved  methods  of  later  years,  before  we  can  receive  it  as  an 
establibhed  fact  that  some  varieties  of  fusel-oil  contain  tritylic  alcohol. 

Attempts  to  form  normal  trityl-alcohol  by  synthesis  have  hitherto  failed.  Attempts 
have  been  made  to  produce  it  by  means  of  propylamine,  prepared  bj  the  method  of 
Hendius  from  cyanide  of  ethyl  and  nascent  hydrogen.  Nitrous  acid  attacks  the  pro- 
pylamine, but  no  modification  of  the  method  of  experimenting  has  yet  suoceedea  in 
converting  the  propylamine  into  the  normal  alcohol.  The  attempt  to  make  it  through  the 
aldehyde—  which,  if  Williamson's  reaction  were  of  general  application,  should  be  formed 
by  the  distillation  of  a  mixture  of  propionate  and  formate  of  barium — has  miscarried 
evfu  earlier  in  the  process,  for,  according  to  recent  researches,  propione-aldehyde  itself 
fails  to  be  formed. 

It  yet  remains  to  try  to  add  hydrogen  to  the  normal  propione-aldehyde  obtained 
by  the  oxidation  of  Mondius's  propylamine,  or  to  chlorinate  the  hydride  of  propyl,  and 
then  proceed,  through  the  resulting  chlorine-compound,  to  the  acetic  ether  and  alcohol. 

Isopropyl-com pounds  are,  on  the  other  hand,  obtained  with  focility,  and  in  a  per- 
fectly satisfactory  condition. 

H  Berthelot  has  shown  that  propylene,  the  olefiue  of  the  group,  is  easily  hydrated 
by  means  of  acids  : 

C»H«  +   11*0     =     C«H"0. 

Priipy-  ItopropjrI- 

Itfoe.  alcohol. 

Erlenmeyer  has  transformed  glycerin  into  iodide  of  isopropyl,  which  is  capable  of  giving 
the  isoalcohol : 

IPCOH  H-CII 

Ilioil    +   6HI      -         IICI     +   SH^O   +   2I«. 
I IPCOU  HKJH 

Gljcerln.  Iodide  of 

Itopropyl. 

*  A  ttrikloff  evMiiple  of  the  vahie  of  the* a  Inteit  development!  of  chemical  theory  hai  Jii^t  Itoen 
Kiv«n  by  Schorlemincr,  who  hac  prepared  hydride  of  i»oproprl  by  the  action  uf  slue  and  hydrochloric 
Sid  on  Iodide  of  liopropyl.  It  !•  identical  with  nortnhl  hydilde  of  propyl,  (iving  normal  chlarlde  of 
pro|>)l  when  attacked  by  chlorine  In  pretence  of  iodine. 
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Finally,  Friedel  has  added  hjdrogen  to  acetone,  and  produced  the  iso-alcohol.    Thin 
important  reaction  completely  clears  up  the  structure  of  the  isopropyl-compounds  : 

CH"  CII> 


+    H2     =      C 


OH      "     H™H. 

CH«  cn» 


Acetone.  Uopropyl- 

alcohol. 

(Si>c  SacoicnART  Alcohols,  p.  215.)  J.  A.  W. 

TUrmU  A&COBOXAi  Normal  trityl  alcohol  is  not  known  with  certainty.  It 
is  said  to  boil  it  96®  to  97®,  and  to  be  n  fruity  liquid,  very  soluble  in  water,  but  not 
soluble  in  all  proportions,  and  to  be  contained  in  some  samples  of  crude  amylic  alcohol. 
(Chancel,  Cumpt.  rend.  [1853]  xxxvii.  410.) 

A  tritylsulpburic  acid,  formed  by  the  action  of  sulphuric  acid  on  the  alcohol,  is  also 
described. 

Jgotrityl  alcohol^  or  laopropyl  alcohol,  or  Pseudopropyl  alcohol,  or 
Propylene-hydrate. — Formed,  as  just  described,  from  propylene,  glycerin,  or 
acetone. 

Preparation.^ a.  From  Oxalate,  or  Acetate  of  Isopropyl,  which  may  be  easily 
decomposed  by  potash  or  soda.  If  the  alcohol  is  wanted  in  large  quantities,  this 
would  probably  prove  the  most  convenient  process,  inasmuch  as  the  iodide  of  isopropyl, 
from  which  the  oxalate  or  acetate  may  be  readily  prepared,  is  easily  obtained  pure 
and  in  large  quantity. 

iS.  From  A  c  eton  e. — One  vol.  of  acetone  is  added  to  5  vols,  of  water,  and  then  treated 
with  sodium-amalgam.  After  a  while,  an  oily  layer  separates.  The  whole  liquid  is 
then  to  be  distilled,  and  the  oily  distillate  mixed  with  water,  and  again  treated  with 
sodium-amalgam.  By  repeating  this  process  six  times,  a  transformation  of  much  of 
the  acetone  into  the  isoalcohol  is  effected.  In  order  to  purify  the  product-,  it  is  dried 
with  carbonate  of  potassium  and  distilled,  then  rubbed  up  wilh  powdered  and  well- 
dried  chloride  of  calcium.  The  mass  is  subsequently  dried  in  a  vacuum  over  sulphuric 
acid,  when  the  acetone  evaporates,  leaving  a  dry  powder,  consisting  of  the  compound  of 
isoalcohol  with  ^chloride  of  calcium.  Simple  heating  drives  off  the  isoalcuhol  from 
this  compound,  and  rectification  suffices  to  purify  it  completely.  (Linnemann,  Ann. 
Uh.  Pharm.  cxxxvi.  37.) 

Properties, — Isopropyl  alcohol  is  a  colourless,  not  very  mobile  liquid,  having  a 
peculiar  odour,  not  at  all  resembling  that  of  amyl  alcohol.  Boils  at  83® — 84®,  under 
u  pressure  of  739  mm.  At  15®,  its  specific  gravity  is  0*791.  It  does  not  freeze  at 
—  20®.  It  does  not  act  on  polarised  light.  It  is  very  difficult  to  dry,  mixing  with 
water  in  all  proportions,  and  forming  several  hydrates  of  considerable  stability.  The 
existence  of  these  hydrates  was  first  observed  bv  Erlenmeyer,  and  afterwards  confirmed 
by  Linnemann.     The  following  is  the  composition  of  these  hydrates : 

I.  (3C»H»0.2H«0)  boils  at  78®— 80® ;  specific  gravity,  0832  at  \b^. 
II.  (2C»H»0.H«0)  „  80° 

lU.  (3C*HH).HK))  „  81®;  specific  gravity,  0800  at  15®. 

The  second,  discovered  by  Erlenmeyer,  simulates  common  alcohol,  having  exactly 
the  same  percentage  composition  as  that  substance.  It  boils  only  slightly  higher 
than  common  alcohol,  and  retains  water  so  strongly,  that  it  does  not  render  blue 
the  white  anhydrous  sulphate  of  copper.  In  onler  to  dehydrate  it  completely,  it  is 
well  to  use  a  little  metallic  sodium.  To  distinguish  between  this  hydrate  and  common 
etbylic  alcohol,  the  readiest  plan  is  to  submit  the  liquid  to  the  action  of  iodine  and 
phosphorus,  which  transforms  the  one  into  iodide  of  isopropyl,  and  the  otlier  into  iodide 
of  ethyl.  The  resemblance  extends  very  far.  Both  compounds  yield  acetic  acid 
on  oxidation f  the  hydrate  of  isopropyl  alcohol  giving,  however,  carbonic  acid  in 
addition. 

The  charactc^ristic  property  of  isopropyl  alcohol  is,  that  it  yields  acetone  by  oxidation 
with  dilute  chromic  acid.  This  important  obsen'ation  was  made  by  Friedel,  after  it 
had  been  predicted,  in  a  most  remarkable  manner,  by  Kolbe,  who  had  had,  so  to 
speak,  a  vision  of  the  secondary  alcohols  with  their  leading  characteristics.  On 
pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic  acid,  carbonic  anhy- 
dride, and  water : 

+  H«0. 


c 

fCII« 

OH 

c 

rcH« 

CH» 

io 

Isopropyl 

Acetone. 

all 

i:oliol. 
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rcH« 

fCH» 

c 

CH«   +   0* 

cs 

CO       + 

0 

OH 

Acetone. 

Acetic 

acid. 

co»  +  mo. 


Bromine  nttaoks  iRopropyl  alcohol,  withdrawing  hydrogen,  and  leariDg  acetone.  In 
piactice,  this  reaction  i»  vory  complicated,  the  hydrobromic  acid  resulting  from  this 
rhunp-  attacking  tsome  of  the  i^oaleohol,  and  giving  bromide  of  isopropjl,  and  the 
acetone  »<uffering  a  further  attack. — Distilled  with  acetate  of  potassium  ajid  nJpkurk 
aciff,  it  yields  acetate  of  isopropyL — Digestion  at  140^^  with  acetic  acid  alao  giTes  the 
acetate  of  isopropyl.    The  butyric  ether  is  formed  similarly,  and  distils  at  abont  130®. 

J.  A.  W. 

TRZm   STBSS8.    The  normal  trityl  ethers  are  scarcely  known,  but  serenl 

isotrifyl  ethers  have  been  prepared : — 

Bromide  of  Isopropyl^  CU'Br,  is  obtained  by  heating  the  alcohol  with  hydro- 
bromic acid,  also  by  the  action  of  bromine  on  the  iodide  of  isopropyl.  It  is  a  liquid. 
Specific  gravity  =  1*320  at  13®.     Boiling-point  «  60°  to  63^  at  739  mm.  pressoie. 

Chloride  of  Isopropyl,  CH'Cl,  prepared  by  the  action  of  hydrochloric  add  oo 
the  alcohol,  is  a  liquid,  boiling  at  36^  to  38^,  at  741  mm.  pressure.  Specific  gravity 
at  10^  =  0-874. 

Cyanide  of  Trityl,  C•H^CN.  (See  BnTHONiTHtLE,  i.  698.^ — This  compound  is 
obtained  from  normal  butyric  acid,  and  yields  normal  butyric  acia  and  ammonia  when 
it  is  made  to  take  up  water. 

Cyanide  of  Isopropyl,  (^WCS,  (Erlenmeyer.) — ^When  1  at.  iodide  of  iso- 
propyl and  1  at.,  cyanide  of  potassium,  dissolved  in  alcohol,  are  digested  in  the  water- 
bath,  iodide  of  potassium  is  formed,  the  liquid  acquires  a  veiy  disagreeable  smell,  and 
there  results  an  alcoholic  solution  of  cyanide  of  isopropyl.  It  is  difficult  to  separate 
the  alcohol  from  the  cyanide,  which  boils  at  about  80^.  On  boiling  cyanide  of  isopro- 
pyl with  alcoholic  potash,  ammonia  is  evolved,  and  isobutyrate  of  potassium  produced : 

CH'CN  +  2H«0     -     C>H»COOH  +  NH«. 

Isobutyric  acid  is  quite  distinct  from  butyric  acid,  and  was  the  first  recognised  example 
of  an  i  so-fatty  acid. 

Iodide  of  Isopropyl,  C'H'I.  (Erlenmeyer,  Zeitschr.  Ch.  Pharm.  1861,  pp. 
3C2,  673.) — Obtained  by  the  action  of  hydriodic  acid  on  ppopylglycol,  iodide  of  allyl, 
isopropyl  alcohol,  propylene,  or  glycerin.  It  is  most  conveniently  prepared  by  dis- 
tilling glycerin  with  a  great  excess  of  strong  hydriodic  acid  : 

C»H"0«  +   6HI     =     C'H^  -I-   3HK)   +  2I« 

The  reaction  is  perfectly  neat,  if  proper  precautions  be  taken.  The  conditions  to  be 
Batisfled  are  these  : — The  hydriodic  acid  used  must  be  sufficiently  strong  (boiling-point 
about  125"^ ;  if  too  dilute  it  may  be  concentrated  by  distillation,  the  strong  acia  rp- 
mainine  benind  in  the  retort.  There  must  be  always  great  excess  of  hydriodic  acid. 
The  iodine  set  free  should  be  reconverted  into  hydriodic  acid  by  means  of  phosphorus. 
Tiie  operation  succeeds  either  on  the  small  or  the  large  scale.  The  iodide  of  isopropyl 
ha«  been  recently  manufactured  in  quantity. 

Pnparot ion. ^100  lbs.  of  iodine,  5  lbs.  of  phosphorus,  and  100  lbs.  (or  rather  more) 
water,  are  employed.  A  little  of  the  water  is  warmed,  and  put  ipto  a  large  vessel ;  and 
t  he  iodine  and  phosphorus  and  water  are  added  by  degrees,  and  well  stirred  up.  The  stir- 
ring renders  the  reaction  quite  manageable.  The  first  quantity  of  water  is  warmed  to 
start  the  reaction,  afterwards  the  water  is  added  cold.  In  this  way  there  is  obtained  a 
strong  solution  of  hydriodic  acid  containing  also  some  phosphoric  acid.  This  solution 
is  put  into  an  iron  still  and  distilled,  until  very  concentrated  hydriodic  acid  begins  to 
pass  over.  When  the  concentration  is  sufficient,  a  charge  of  11  lbs.  of  glycerin  is  put 
into  the  still,  and  3  lbs.  of  phosphorus  added  by  degrees.  A  very  energetic  action  is  tnus 
set  up,  and  iodide  of  isopropyl  distils  over  very  rapidly,  accompanied  by  water  and  hy- 
driodic acid.  When  the  action  has  become  moderate,  a  second  charco  of  11  lbs.  of 
glycerin  and  3  lbs.  of  phosphorus  is  introduced  into  the  still.  When  the  second  charge 
lias  worked  off,  a  small  third  charge  may  bo  put  in. 

Ultimately  the  products  are  iodide  of  isopropyl,  hydriodic  acid,  and  phosphoric  acid. 
When  the  phosphoric  acid  has  accumulated,  it  is  necessary  to  distil  off.  The  hydriodic 
acid  is  ready  for  a  second  openition.  By  operating  as  above  described,  a  quantity 
of  iodide  of  isopropyl  may  be  obtained,  very  close  upon  that  required  by  theory,  and 
in  a  series  of  operations  very  nearly  all  the  iodine  used  may  be  transformed  into  the 
organic  iodide. 
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The  iodine,  as  it  is  set  free,  is  transformed  into  hydriodic  acid  by  the  action  of  tho 
phosplioms  and  water,  and  becomes  available. 

If  an  insufficient  quantity  of  hydriodic  acid  be  allowed  to  act  on  the  glycerin  in  the 
above  pruccBs,  the  iodide  of  isopropyl  will  be  contaminated  with  iodide  of  allyl. 

Maxwell  Simpson  has  shown  that  iodide  of  allyl  is  transformed  into  iodide  of  iso- 
propyl by  treatment  with  hydriodic  acid. 

Properties. — Iodide  of  isopropyl  is  an  oil,  boiling  at  89®  to  90®,  under  a  pressure  of 
735  mm.  Specific  gravity  1*70  at  15®.  In  smell  it  resembles  iodide  of  ethyl.  It  is 
nearly  insoluble  in  water,  and  dissolves  pho8phorm«  and  iodine. 

With  sodium,  in  presence  of  ether,  it  gives  propylene,  hydride  of  propyl,  and  di- 
isopropyl  (Schorlemmer). — Bromine  drives  out  the  iodine,  forming  a  bromide  of  the 
radicle. — Chlorine  Aitacka  it  more  deeply,  giving,  among  other  products,  trichlorhydr in, 
C^II*C1*. — With  oxalate  of  silver ^  it  gives  oxalate  of  isopropyl. — With  acetate  of  silver, 
it  yields  acetate  of  isopropyl,  boiling  at  90-^ — 93®,  according  to  Friedel. 

With  oxide  of  silver  and  water^  it  gives  isopropyl  ether,  q,jj,  J  0,  isopropyl  alcohol, 

and  propylene,  C*II*. 

With  alcoliolic  potash  it  gives  propylene.  It  reacts  on  ammonia,  giving  some  pro- 
pylene and  an  organic  base.  It  forms  new  bases  when  made  to  act  on  anilifie  or  on 
rosaniline. 

Carefully  oxidised  with  dilute  chromic  acid^  it  gives  acetic  and  carbonic  acids,  and  no 
propionic  acid.    (Chapman  and  Thorp.)  J.  A.  W. 

T&XTT&,  BTDSZSB  07.  This  compound  appears  to  occur  in  American  petro- 
leum (Ronalds).  Uy  heating  to  275®  a  mixture  of  bromide  of  propylene,  C"H*Br*, 
iodide  of  potassium,  and  water,  with  metallic  copper,  there  is  obtained  propylene,  hy- 
dride of  propyl,  and  carbonic  acid.  Hydride  of  propyl  is  a  gas,  which  is  soluble  in 
alcohol.  J.  A.  W. 


fC'H' 
(H 


TAZTTZiAMZVll,  or  PROPTXiAMXVS.    N-^  H    .—This    base    is  isomeric 

(H 

with  trimcthylamine,  which  has  often  been  mistaken  for  it.  Tlie  only  process  by 
which  it  has  been  prepared  is  that  of  Mendius,  viz.,  by  the  hydrogenation  of  cyanid j 
of  ethyl : 

C2H*CN  +   H«     =     C>n»N. 

To  prepare  propylamine,  30  grms.  of  cyanide  of  ethyl,  500  grms.  of  common  alcohol, 
200  grms.  of  water,  and  600  grms.  of  20  per  cent,  hydrochloric  acid,  are  allowed  to 
act  on  excess  of  granulated  zinc,  and  then  distilled.  The  distiUate  is  put  back  once, 
and  400  grms.  of  hydrochloric  acid  are  added.  ITie  product  is  distilled  to  got  rid  of 
tho  alcohol,  then  excess  of  alkali  added  to  the  residue,  and  the  distillation  continued, 
whereupon  propylamine  and  water  come  over. 

From  36  grms.  of  the  cyanide  of  ethyl,  9  grms.  of  pure  propylamine  have  been  ob- 
tained (Mendiu  s).     Propylamine  is  dried  by  distillation  from  solid  potash. 

Properties. — Bright,  colourless,  highly  refracting,  very  mobile  liquid,  possessing  a 
peculiar,  strongly  ammoniacal  odour,  very  different  from  that  of  methylamine.  It  is 
misciblc  with  water,  becoming  hot  in  contact  with  it.  lk)ils  at  50®.  Its  aqueous  solu- 
tion precipitates  the  oxides  of  iron,  copper,  lead,  aluminium,  nickel,  cobalt,  and 
mercury,  and  does  not  dissolve  the  precipitate  when  added  in  excess. 

The  precipitiite  formed  with  silver- solutions  is  soluble  in  excess. 

Tho  propylamine,  prepared  as  just  described,  is  a  true  normal  propyl-compound, 
giving,  on  oxidation  with  dilute  chromic  acid,  propione-aldehyde  and  propionic  acid, 
and  not  giving  any  carbonic  acid  or  acetic  acid.     (Chapman  and  Thorp.) 

It  combines  with  acids,  forming  crystallisable  salts. — The  chloride,  NC'H'HCH, 
forms  very  deliquescent  crystals,  freely  soluble  in  alcohol,  almost  insoluble  in  ether. 
A  little  above  100®  it  melts,  and  sublimes  unchanged.  It  may  be  obtained,  in  large 
square  plates,  by  crystallisation  from  strong  alcohol. — The  chloroplatinate,  2NC'H**C1. 
PtCl',  is  moderately  soluble  in  hot  water  and  alcohol,  and  insoluble  in  ether.  It  often 
forms  fine  crystals,  a  quarter  of  an  inch  long. 

Sulphate  of  propylamine  is  crystalline  and  deliquescent. 

On  treating  propylamine  with  iodide  of  ethyl,  the  following  products  are  obtained: 

( CnV  i  C'H'  ( C»H' 

N-^C'H*         N-^Cm*         nJc-IP. 

( n  ( CTP         i  c«n» 

III  HI  C-IPI. 

Tlio  last  compound,  iodide  of  triethyl-propt/lammonium,  is  a  whit«  crystalline  mas.*?, 
insoluble  in  pot:iHh-ley.     From  its  alcoholic  solution  it  crystallises  in  long  needles. 
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Oxide  of  silver  reacts  upon  it,  giving  a  strongly  caustic  solution  of  hjrdxate  of  tLe 
amraoDium-base.— The  chJ^oplatinaie,  2NC'H'(C*H*)»Cl.PtCl»,  forms  deep  orange- 
colourcd  octahedrons,  rather  soluble  in  alcohol  and  water.  (Mendius,  Ann.  Ch.  Pharm. 
cxxi.  129.)  J.  A.  W. 

TSZT7XBVB,  or  PSOPIXSITB,  CH*,  the  olefine  of  the  tritjrl-group,  was 

discovered  by  Rf'ynolds  in  1851.  It  is  obtained,  more  or  less  impure,  when  fusel-oil 
or  valerianic  acid  is  p2\ssc<l  through  a  red-hot  tube ;  by  the  destructive  distillation  of 
oleic  acid  with  lime  or  soda-lime  ;  and  by  the  destructive  distillation  of  sugar  mixed 
with  an  equal  weight  of  soda-lime.  According  to  Dusart  (Ann.  Ch.  Pharm.  xcrii. 
127),  it  is  obtained  on  distilling  an  intimate  mixture  of  equivalent  quantities  of  oxa- 
late of  calcium  and  acetate  of  potassium. 

It  is  prepared  most  conveniently  by  acting  on  iodide  of  allyl  with  mercury  and 
strong  hydrochloric  acid.  The  mercury  should  contain  a  trace  of  zinc,  according  to 
the  observation  of  von  Than.     The  follo>*ing  are  the  details  of  the  process : — 

Iodide  of  phosphorus  is  prepared  by  acting  on  1  pt.  of  phosphorus  with  S  pts.  of 
iodine.  50  grms.  of  this  iodide  of  phosphorus,  and  50  grms.  of  glycerin,  distilled 
together,  yield  30  grms.  of  iodide  of  allyl.  From  this  quantity  of  the  iodide,  3  litres 
of  propylene  may  be  obtained  by  employing  150  grms.  of  mercury  and  60  grms.  of 
fhniing  hydrochloric  acid.  The  gas  obtained  in  this  operation  is  chemically  pure  pro- 
pylene.    (Berthelot  and  De  Luca,  Ann.  Ch.  Pliarm.  xcii.  306.) 

According  to  Kieth  and  Beilstein,  chloride  of  carbon,  act^d  upon  by  zinc-ethyl, 
yields  a  mixture  of  propylene,  ethylene,  and  chloride  of  ethyl,  also  chloride  of  zinc. 
Iodide  of  isopropyl  and  alcoholic  potash  also  give  propylene. 

Proptrtics. — Colourless  gas,  not  condensable  at  —  140^  It  has  a  distinct  phosphoric 
odour,  as  is  generally  the  case  with  the  olefines,  and  a  sweetish  taste.  According  to 
von  Thau  : 

100  vols,  of  water  absorb  44  vols,  of  propylene  at    C. 

„  „  28  „  ,,  10  . 

»»  »»  23  „  „  lo  • 

„  „  22  „  „  20  . 

Absolute  alcohol  dissolves  12  to  15  times  its  volume  of  this  gas — glacial  acetic  acid 
6  volumes. 

Like  ethylene,  it  combines  readily  with  chlorine  and  bromine,  and  is  capable  of 
uniting  with  iodine ;  the  resulting  compounds  are  C*H*C1*,  CH'Br*,  CHT. 

It  is  absorbed  by  cuprous  chlcrtde,  but  not  to  the  same  extent  as  ethylene.— Fumfffjf 
$ulphuric  acid  absorbs  it  ver}'  readily. — Common  oil  of  vitriol,  hydrochloric,  hydro- 
bromict  and  hydriodic  acids  combine  with  it  far  more  readily  than  with  ethylene. 
These  acids  convert  it  into  isopropyl-compounds. — On  oxidation  with  dilute  chromic 
acid,  it  gives  acetic  and  carbonic  acids.  It  is  not  very  readily  oxidised. — With  per- 
manganate  of  potassium  in  an  acid  liquid,  it  gives  the  same  products  as  with  chromic 
acid ;  with  pennanganate  in  an  alkaline  liquid,  acetic  and  formic  acids.       J.  A.  W. 

TKXTTUnnC   A&COBOXn     C»H»0«    c=    (^']^?  (o*.  TrUyl,  or  Propylflyeol. 

— Prepared  from  the  tritylenic  acetate  just  described,   by  distillation  with  caustic 
potash,  in  the  oil-bath.     It  is  a  colourless  oily  liqaid,  sweet  to  the  taste,  soluble  in 
water  and   alcohol  in  all  proportions,  and  soluble  in   12  to  13  pts.  of  ether.     Its 
specific  gravity  at  0°  is  1-051.     Boiling-point  188°  to  189°. 
Platinum-black  oxidises  it  to  lactic  acid: 

CH-O*  +   0*     -     C*H«0«   +  H«0. 
Tritflenic  hydrate.  Lactic  acid. 

Digested  at  100°  for  some  hoars  with  strong  hydriodic  acid,  it  gives  iodide  of  iso- 
propyl (Wurtz): 

C»H«0«  +   3HI     -     C«H'I   +   2H«0   +   P. 

With  pentachlon'de  of  phosphorus  it  gives  chloride  of  propylene,  C*H"C1*. 

Heated  with  dilute  nitric  acid,  it  is  broken  up  into  glycollic  acid,  whilst  concentrated 
nitric  acid  resolves  it  into  oxalic  acid.  J.  A.  W. 


The  acetate,  Cm'^0*  -  m^^Oyl^^*    ^"   ^** 


covered  by  Wurtz.  320  grms.  acetate  of  silver,  192  grms.  bromide  of  propylene,  and 
sufficient  glacial  aceticacid  to  bring  the  mixture  into  a  semifluid  state,  are  heated  in  the 
water-bath  for  four  days,  then  mixed  with  ether  and  filtered,  and  the  filtrate  is  distilled. 
The  acetate  is  a  colourless  neutral  liquid,  soluble  in  10  pts.  of  water,  and  boiling  at 
186°.     Its  specific  gravity  at  0°   -   M09. 
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With  cupric  oxide  and  potash,  it  form.s  a  blue  solution,  which  does  not  deposit  cuprous 
oxide  on  boiling,  even  if  the  propylphyeito  has  preriously  beon  treated  with  dilute 
Hulphuric  acid.  From  a  ni'Utral  sil?er*8oIatioD,  it  reduces  the  metal  at  the  boiling 
heat ;  from  an  ammoniacal  solution,  even  .it  ordinary  temperatures. 

Pn>pylphycite  contains  four  atoms  of  hydrogen  rephiceable  by  metils  or  otlicr 
radicles,  two  of  them  apjiarently  with  greater  facility  than  the  other  two.  In  concen- 
trated solution  it  takes  up  lime,  baryta,  lead-oxide,  and  even  lead-  or  silver-carbonate. 
The  solution  containing  lime,  baryta,  or  lead-oxide  yields,  with  alcohol,  white  bidky 
priHjipilates,  soluble  in  water,  and  docomposible  by  carbonic  acid.  Tlie  lead-compound, 
in  aqueous  solution,  is  not  completely  decomposed  by  sulphydric  acid,  the  filtrate  still 
giving  a  precipitate  with  sulphide  of  ammonium.  The  compound  formed  on  adding 
basic  acetate  of  lead  to  a  solution  of  propylphycite,  is  a  bulky  precipitate,  soon 
becoming  granular,  and  containing  C*H*.H-Pb"0*. 

Ikitropropylphycite,  C'H*.IP(NO*)0*,  is  formed  by  dropping  a  scarcely  liquid  solution 
of  propylphycite  into  c(X)led  fuming  nitric  acid,  and  separates,  on  pouring  the  liquid 
into  water,  as  a  colourless  viscid  m;i}<!«,  nearly  insoluble  in  water,  but  soluble  in  alco- 
hol and  etlier.  The  nitro-compound  becomes  mobile  at  lOO*^,  distils  for  the  most  part 
without  decomposition,  if  carefully  heated,  but  when  quickly  heated,  decomposes  sud- 
denly, though  without  explosion.  Zinc  and  hydrochloric  acid,  added  to  its  alcoholic 
tfolutiou,  produce  cliloride  of  ammonium  and  propylphycite. 

TRZTT&PBTCXTZC      or       PSOPIXPHTCZTZC     ACZB.       CMPC)*      a 

Til        [O*.     (Cari US, /t^'.  c//.)— Produced  by  dissolving  propylphycite  in  nitric 

acid  of  specific  gravity  1*2,  diluted  with  an  equal  volume  of  water,  repeatedly  evapo- 
rating the  solution,  neutralising  with  carbonate  of  Kirium,  filtering  from  oxalat<*  of 
barium,  and  precipitating  the  concentrated  filtrate  with  alcohol.  The  acid,  soparatfnl 
from  the  barium-salt  by  sulphuric  acid,  is  a  colourless,  amorphous,  strongly  acid, 
deliquescent  mass,  which  decomposes  at  160°,  either  in  the  free  state  or  combined  with 
bases,  yielding  oxalic,  acetic,  and  perhaps  also  glycollic  acid. 

The  propyl phycitatcH.  excepting  the  lead-  and  silver-salts,  are  easily  soluble  ;  tho 
silifr-itaU  is  verj'quckly  reduce<l  in  ammoniacal  tolution. — The  aM  barium^saft^ 
OH^Ba'O**  «  CMl'lWO».C*IIH)*,  isan  indistinctly  crystalline  powder.— The  acid 
calcium-soft,  OH«»Ca"0'»  «  C'H'Ca".0».C'H«0*,  is  not  erysUllisable,  bnf  is  piwipi- 
tjited  by  alcohol  frrjm  its  aqueous  solution  in  flocks. — The  arid  Uad-ga/t,  C*H'*Pb*0  = 
C'H»Pb"0*.C*IIK>*,  i)recipiuted  by  neutral  lead-acetate,  is  flocculent  at  first,  but 
afterwards  changes  to  a  crystalline  powder,  composed  of  microscope  prisms. — Tho 

normal  Jcad-salt,  C'H'Pb*0*,  precipitated  by  basic  Iciid-acetate,  is  an  ^amorj^hous 
powder. 

TRXTTZiVBTCXTZC     or      P&OPTZiPBTCZTXO      DXCR&O&RTBSXV. 

C»H*C1H)««  CH^.CI'CIIO^).  Gfycerylenic  Dichhrht/droxijlate,  (Carius. /oc.  «/.)— 
This  comix)und  is  formwl,  as  already  stated  (p.  893),  by  addition  of  hjrpochloir^us  acid 
to  glyceric  epichlorhydrin. 

To  prepare  it,  epichlorhydrin  is  added  in  the  dark,  and  with  frequent  agitat.'on,  to 
a  cooled  solution  of  hypochlorous  acid  (prcpanKl  by  pissing  chlorine-gas  into  water  in 
which  mercuric  oxide  is  suspendtnl,  and  containing  from  C  to  8  per  cent,  of  tho  a^'id), 
till  the  odour  becomes  barely  perceptible;  tho  solution,  filtered  from  mcicuric  oxycldo- 
ride  and  diluted,  is  immediately  treated  with  sulphydric  acid  gas,  till  the  excess  of 
hypochlorous  acid  is  decomposed  and  the  mercury  is  precipitated ;  the  filtrate  is 
then  suturskted  with  common  salt ;  and  the  dichlorliydrin,  already  partly  separated  a^ 
an  oily  liquid,  is  further  extracted  by  agitation  with  ether,  and  purific<l,  after  evainn 
ration  of  the  ether,  by  heating  it  to  160° — 170°  in  a  stro«im  of  dry  carbonic 
anhydride,  wher<*by  any  glyceric  dichlorhydrin  formed  at  the  same  time  is  decomijosk-d. 

Propyl phyci tic  <iichlorhydrin,  thus  obtaini>d,  is  a  liquid,  rather  mobile  when  warm, 
but  of  tin*  consistence  of  glycerin  at  ordinary'  temperatures ;  it  is  heavier  tlum  initer, 
has  a  somewhat  nincid  odour,  dissolves  eiisily  in  alcohol  and  in  ether,  but  is  nearly  inso- 
luble in  salt-water.  When  heated  al>ove  200°  it  dec«)mjK>se8,  giving  off  hydrochloric 
acid,  and  vapours  smelling  of  acrolein.  By  potash  in  aqueous  solution,  it  is  *^sily 
converted  into  propylphycite : 

^'"i(l\o)'   +    2KH0     i»    ^i|I'|0*  +   2KCI. 


T&XTTUPBTOZTZG    or    P&OPTXiPBTCXTZO  BZCB&OSOBSOl 

BRZJr,  C*I1«|  jjQ    ,  is  pro»luced  by  heating  1  at.  of  the  dichlorhydrin  to  120\  in 
scaled  tubes,  with  1  at.  dry  bromine.  It  is  a  mobile  liquid,  having  a  tharp  odour,  divuin- 
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-pobing  at  160^,  insolable  in  water,  bat  decomposed  by  it,  with  separation  of  bromine 
ttud  hydrochloric  acid.    With  alkalis,  it  reacts  like  the  dichlorhydriu.     (C  a  r  i  u  s.) 

TRXTTXiPKTCZTZC  or  P&OFTZJPSTCZTZO  BTBB&S.  (C  ii  r  i  u  s,  loc.  cit,) 
"-Diaceto^ropylpkyciU,  C»H«.H»(C«H«0)»0*,  is  obtained  by  heating  the  dichlorhydriu  to 
100°  with  sodic  acetate  and  glacial  acetic  acid,  neutralising  with  sodic  carbonate,  ana 
ozhausting  with  ether.  It  is  a  viscid  bitter  liquid,  easily  soluble  in  water,  not  capablM 
of  being  distilled  without  decomposition.  Baryta  decomposes  it  into  acetic  acid  and 
propylphycito. 

Trietk^lpropylphycitet  C'H*.H(C*H*)'0\  is  produced  by  gradually  mixing  nn  alco- 
holic solution  of  the  dichlorobromhydrin  with  diluted  and  cooled  sodium-ethylato,  or 
by  heating  it  to  160°  with  absolute  alcohol.  It  is  a  colourless,  faintly  smelling  lipuid, 
easily  soluble  in  water  and  in  potash-ley,  heavier  than  water,  and  dissolving  calcium- 
chloride  in  considerable  quantity.  Boiling-point  =  192'8°  at  0'758  met.  Vapour- 
density,  obs.   —   6-66 ;  calc.   «   6*79. 

TctrethylpropjffphycUff  CH*(C*H*)*0',  is  produced,  as  shown  by  the  equation: 

■        (CH?Na[0'  +   CffI     -     Nal  +  (cS^:(o. 

by  warming  the  triethvlic  ether  with  sodium  as  long  as  hydrogen  is  thrn.*by  evolved, 
and  distilling  the  resulting  sodium-compound  with  an  equivalent  quantity  of  othylic 
iodide.  It  is  a  rather  mobile  colourless  liquid,  which  boils  between  150°  and  160", 
and  exhibits,  more  plainly  than  the  preceding  compound,  the  odour  of  sugar  heated 
above  its  melting-point. 

Diaceto-diethylpmpylfthifcite,  C»H«(CTI«0)«(C-II*)=0«,  is  formod,  together  with 
etliylic  acetate,  by  heating  trieth^lpropylphyciio  to  150°  for  several  hours,  with  3  vols, 
glacial  acetic  acid.  It  is  a  thick  colourless  liquid,  which  boils  at  about  210^  and  is 
decomposed  by  baryta-water  into  barium -acetate,  and  a  liquid  compound  soluble  in 
water,  probably  consisting  of  diethylpropylphycito. 

Syn.  with  Tbboxbolitb  (p.  788). 

Native  tetrasodic  carbonate,  or  sesquicarbonate,  2Na'0.n'0.3CO*.2aq. 
(See  Carboxates,  i.  796.) 

TS008TZTS*  A  silicate  of  manganese  and  zinc,  from  Sterling,  in  New  Jersey 
(p.  254). 

THOPJBOXiXC  AOZD.    See  the  next  article. 

T&OVJBOXiVM.  The  common  nasturtium,  Tropaolum  maJuSf  contains  in  100 
pts.,  besides  the  ordinary  plant-constituents,  21  pts.  volatile  oil,  8*6  lime,  2'3  silica, 
and  0*9  of  a  peculiar  acid  called  tropoeolic  acia.  The  volatile  oil  and  the  tropaK>lic 
acid  are  found  in  the  entire  plant,  especially  in  the  fruit  and  seed-coatings.  The  vo- 
latile oil  has  a  peculiar  odour,  a  sharp  burning  taste,  and  reddens  the  skin. 

Tropoeolic  acid  is  extracted  from  the  herb  or  the  seed  with  alcohol;  and  on 
boiling  the  solution  with  water,  and  evaporating  the  filtrate,  the  acid  crystallises 
in  slender  needles.  It  is  white,  reddens  litmus  strongly,  and  forms  crystallisable 
salts  with  potash  and  soda  (Muller,  Ann.  Ch.  Pharm.  xxv.  208).  Whether  this 
body  is  really  a  peculiar  acid,  further  investigation  must  decide.  According  to  expe- 
riments by  V.  Payr,  communicated  by  Kochleder  (Jahresb.  1857,  p.  522),  the 
crystals  obtained  by  Miiller  were  nothing  but  sulphate  of  potassium,  which,  however, 
does  not  agree  with  Miiller's  statement  that  they  were  soluble  in  alcohol  and  ether. 

The  seeds  and  flower-buds  of  TV.  mqjus  pickled  with  vinegar  are  sometimes  used 
instead  of  capers. 

TSOPXVB.  C*H"NO.  (Kraut,  Ann.  Ch.  Pharm.  cxxviii.  280;  cxxxiii.  87; 
Jahresb.  1863,  p.  448;  1865,  p.  448.) — An  organic  base,  produced,  together  with 
atropic  acid,*  by  the  decomposition  of  atropine  with  alkalis : 

C"II"NO»      -      C»H«0*    +     C»H>*NO. 

Atropine.  Atropic  add.  Troploe. 

Atropine,  heated  with  hot  saturated  baryta-water,  disappears  almost  entirely,  while 
only  traces  of  a  volatile  base  are  produced.  On  precipitating  the  barj-ta  from  tlm  re- 
sulting solution  by  carbonic  acid,  atropate  of  tropine  remains  in  solution ;  and  on 
agitiiting  the  filtered  liquid  with  hydroclilone  acid  and  ether,  the  atropic  acid  is  dis- 
solved by  the  other,  while  hydrochlorate  of  tropine  remains  in  the  watery  liquid.  The 
base  separatetl  from  this  salt  by  silver-oxide  solidifies  in  the  crystalline  form  over  oil 
of  vitriol,  and,  when  distilled  at  a  temperature  above  230^,  passes  over  as  a  turpen- 
tine-like mass,  and  ultimately  forms  crystals  contjiining  CH**NO.in-0. 

•  ThenAmc  '*atro|ir  iicid'Mi:;s  nUo  bccu  givi-n  to  an  imperfectly  known  acid,  said  by  Hicliirr  to 
exUt  in  belladonna  (I.  474). 
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Atropine  is  likewise  resolved  into  atropic  acid  and  tropine,  hj  the  action  of  fnmiiig 
hydrochloric  acid. 

Tropine  is  inodorous  in  the  cold,  hut  gives  off  odorous  vapours  when  heated.  It 
has  a  strong  alkaline  reaction,  dissolves  easily  in  water  and  in  alcohol,  and  remains 
OS  an  oil  on  evaporation.  From  solution  in  anhydrous  ether,  it  crystalliseis  over  oil  of 
vitriol  in  colourless  anhydrous  tables,  C*H'*NO,  which  melt  at  61*2°.  It  does  not 
absorb  carbonic  acid  from  the  air,  forms  salts  which  crystallise  well,  and  its  aqueous 
solution  precipitates  the  oxides  of  silver  and  copper,  the  precipitates  not  being  soluUa 
in  excess  of  the  reagent.  From  the  solution  of  hydrochlorate  of  tropine,  C*H**NO.HCI, 
strong  potash-ley  throws  down  oily  drops,  soluble  in  ether  and  in  water. 

The  chloroplatinate,  2(C*H'*N0.HCl).PtCl*,  forms  laige  orange-red  crystals,  easily 
soluble  in  water,  but  insoluble  in  alcohol.  The  double  salts  formed  by  the  hydro- 
chlorate  with  mercuric  chloride,  and  by  the  hydriodate  with  mercuric  iodide,  are  also 
sparingly  soluble,  and  easily  crystallisable.  Auric  chloride  forms,  in  the  solution  of 
the  hydrochlorate,  a  yellow  precipitate,  which  melts  and  dissolves  in  warm  water,  and 
then  crystallises. — Vicrate  of  tropine,  C*H**NO.C*H*(NO*)*0,  is  a  yellow  precipitate, 
which  crjstallises  from  water  in  needles. — Atropate  of  tropine,  C"H'*NO'.C"HH)*. 
4n'0,  is  uncrystallisable,  nearly  solid,  and  ropy  at  ordinary  temperatures,  deliquescent 
at  higher  temperatures.  In  a  2  per  cent,  aqueous  solution  it  does  not  produce  dilata- 
tion of  the  pupil. 

Tropine  is  not  decomposed  by  boiling  with  hydriodic  acid,  or  by  heating  to  14(P, 
with  hydrochloric  acid.  Wlien  distilled  with  dry  hydrate  of  barium,  it  gives  off  am- 
monia and  methylamine,  together  with  other  products. 

Hydriodate  of  Ethyltropine,  C''H"((^H*)NO.HI,  is  easily  formed  by  dissolv- 
ing tropine  in  ethylic  iodide.  The  free  base  separated  from  it  by  silver-oxide  is  a 
brown  amorphous  mass,  which  is  insoluble  in  ether,  soluble  in  absolute  alcohol,  and  does 
not  take  up  another  atom  of  ethyl  when  treated  with  ethylic  iodide. — The  pfatinum' 
salt,  2[C''H"(C«H»)N0.HCl].PtCl*,  is  a  light-yellow  crystalline  powder,  precipitable  by 
alcohol. 

TRU7FXJB.  Tulter  c'dtarium  (Lycopodon  tuber,  L.). — An  edible  fungus,  belong- 
ing to  the  family  of  the  Gasteromycetes,  forming  round,  blackish,  warty  knobs, 
yellowish-whito  within,  veine<l  like  nutmegs,  having  a  peculiar,  agreeable,  musklike 
odour,  and  aromatic  taste.  Truffles  grow  undeig;round,  often  in  groups  :  they  occur  in 
all  temperate  climates,  especially  in  oak,  beech,  and  chestnut-woods,  and  thrive  best  in 
a  calcareous  marly  soil. 

The  aroma  of  the  tniffle  is  very  volatile,  and  passes  over  with  water  in  distillation. 
According  to  Lefort,  truffles,  when  perfectly  ripe,  contain  about  70  per  cent,  water. 
The  organic  constituents  of  the  truffle  are  mannite,  malic  acid,  citnc  acid,  a  non- 
saponifiable  fat,  besides  the  ordinary  constituents  of  vegetable  substances.  Glucose, 
which  (according  to  Vauquelin,  Braconnot,  and  Lefort)  occurs  in  Agaricus 
eduiis,  is  not  found  in  truffles  (according  to  Lefort).  The  peculiar  odoriferous  prin- 
ciple of  the  truffle  does  not  belong  to  the  class  of  volatile  oils :  the  colouring-matter 
exists  chiefly  in  the  spores. 

TBCnmWTMIMm  or  TSCBXIVIKZVITB.  A  silicotitanate  of  iron, 
cerium,  &c.,  occurring  massive  and  apparently  amorphous,  near  Miask  in  the  Ilmen 
Mountains.  It  is  nearly  opaque,  with  velvet-black  colour,  dark-brown  streak,  and 
strong  vitreous  lustre.  Hardness  »  6"0  to  6"6.  Specific  gravity  «  4*50  to  4*»i5. 
Fracture  flat  conchoidal.  When  heated  before  the  blowpipe,  it  quickly  glows,  swells 
up  very  strongly,  turns  brown,  and  melts  to  a  black  bead.  With  fluxes  it  gives  the 
reactions  of  iron,  manganese,  and  silica.  When  heated  in  a  tube,  it  leaves  a  little 
water.  It  dis.solves  in  hydrochloric  acid,  leaving  a  jelly  of  silica.  It  contains,  ac- 
cording to  an  approximate  analysis  by  H.  Bose  (Pogg.  Ann.  Ixii.  501) : 

S102.  TiO^.  CeO;  LaO;  DIO.    FeO.  CaO.  MgO.  MnO.    K30;NaO. 

2104  2017  47-29  11-21  3o0  022  083  012; 

whence  its  composition  appears  to  be  expressible  by  the  formula  M"SiO*.M'TiO*. 
A  mineral  from  Coromandel,  analysed  by  Dam  our  (Jnhresb.  1861,  p.  824)  appears  to 
hive  the  same  composition.  Another  mineml,  analysed  by  Schubin(Berz.  Jahresb. 
xxvi.  373),  and  designated  as  tschowkinite,  has  been  shown  by  Kokscharow  to  consist 
of  orthite. 


Chinese  coins  of  brass-yellow  to  bronze-yellow  colour,  containing  (in 
100  pts.)  55  to  64  per  cent,  copper,  26  to  35  zinc,  generally  from  1  to  2  per  cent.  tin. 
2  to  4  per  cent,  iron,  and  between  1  and  6  per  cent,  lead ;  some  of  them  contain  also 
small  quantities  of  antimony,  arsenic,  and  nickel.  (Popple in,  Chem.  Centr.  1850, 
p.  484.) 
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Tho  specific  gravity  of  tungsten  reduced  hy  hydrogen  is  17*2  to  17*6  (W oilier) ;  17  9 to 
18-2  (Bernoulli,  Jahresb.  1860,  p.  162);  thatof  the  metal  reduced  by  charcoal  is  171 
to  17-2  (Bernoulli) ;  of  that  reduced  from  the  chloride  by  hydrogen,  16-64.  (Wohler.) 

Tungsten  reduced  from  the  nitride  (4)  is  pulverulent,  and  has  a  specific  gravi^  of  17*5 ; 
that  obtained  by  igniting  acid  potassium-tungstate  in  hydrogen,  has  a  specific  gravity 
of  18-26.     (Wohler.) 

Pulverulent  tungsten  heated  in  the  air,  bums  easily  to  tongstic  oxide ;  but  eompact 
tungsten  may  be  heated  in  the  air  without  sensible  change,  excepting  at  the  Teiy  hi^ 
temperature  of  the  electric  current,  as  above  mentioned.  Nitric  acid  and  nitromiiriatic 
acid  convert  tungsten  into  tungstic  acid,  and  the  same  change  is  produced  by  heating 
it  in  contact  with  the  alkalis  or  with  nitre.  Pulverulent  tungsten  is  also  oaddiaed  and 
dissolved,  by  boiling  it  in  a  solution  of  caustic  alkalis  or  alkaline  carbonates. 

Tungsten  forms  two  classes  of  compounds,  in  one  of  which  it  is  tetratomic,  and  in 
tho  other  hcxatomic : 

Tungstous  Chloride,  WCl«.  Tungstic  Chloride.  WC1«. 

Tungstous  Oxide,  W0«.  Tungstic  Oxide,  WO*. 

Ther«  are  also  compounds  of  intermediate  composition,  which  may  be  re|][Hrded  as 
resulting  from  the  union  of  tungstous  and  tungstic  compounds:  e»g,,  W*C1"  — 
WC1*.WC1«. 

TWOSTBXr,  AXmSMTB  or.  These  alloys  have  not  been  much  studied. 
Wohler  and  Michel  (Ann.  Ch.  Pharm.  cxv.  102),  by  fusing  16  pts.  tungsten-tricxide, 
80  pts.  cryolite,  30  pts.  of  a  mixture  of  potassium-  and  sodium-chloride  in  equivalent 
proportions,  and  16  pts.  aluminium  at  a  full  red  heat,  obtained  a  regulus,  which, 
when  the  excess  of  aluminium  was  dissolved  out  by  dilute  hydrochloric  add,  left  an 
alloy  of  tungsten  and  alimiiuium,  A1*W,  as  an  iron-grey  crystalline  powder,  of  specific 
gravity  6*68,  and  appearing  under  the  microscope  to  consist  of  rhotnbic  prisma.  This 
alloy  is  not  attacked  by  concentrated  acids  in  the  cold,  but  is  oxidiaed  by  hot  nitric 
acid,  with  separation  of  vellow  tungstic  acid.  Hydrochloric  acid  disaolres  it  with 
deep  brown  colour.  It  is  decomposed  by  hot  soda-ley,  which  dissolvea  the  aluminium, 
and  leaves  pure  tungsten. 

Tungsten  alloyed  with  steel  in  the  proportion  of  9  or  lOpta.  of  theformer  to  90** of 
the  latter,  yields  an  alloy  of  extraordinary  hardness.  According  to  F.  A.Bernoulli, 
(Pogg.  Ann.  cxi.  673;  Jahresb.  1860,  p.  163),  a  very  hard  tungstiferous  cast-steel 
may  be  obtained  by  fusing  turnings  of  grey  cast-iron  with  tungsten-trioxide.  The 
reduction  of  this  oxide  to  metallic  tungsten  is  effected  onlv  by  the  mechanically  mixed 
carbon  of  the  grey  cast-iron,  not  by  that  which  is  chemically  combined  with  the  iron ; 
accordingly,  white  cast-iron  fused  with  tungsten-trioxide  does  not  yield  tungsten- steel, 
and  after  addition  of  charcoal  merely  an  alloy  of  tungsten  and  iron. 

Copper,  lead,  zinc,  antimony,  bismuth,  cobalt,  and  nickel  unite  with  tungsten,  only 
when  the  two  metals  are  simultaneously  reduced  from  their  oxides.  The  alloys  which 
they  form  are  so  difficultly  fusible,  that  those  which  contain  more  than  10  per  cent, 
tungsten  do  not  yield  reguline  masses  ;  and  those  which  contain  volatile  metals  decom- 
pose when  strongly  heated,  leaving  nothing  but  metallic  tungsten.  Iron  is  the  onlv 
metal  which  alloys  with  tungsten  in  all  projwrtions  up  to  80  per  cent,  of  the  latter,  witn 
which  proportion  a  mass  is  formed,  not  fusible  at  any  attainable  temperature. 
(Bernoulli.) 

TmOBTn,  BftOMXBfift  or.  (Bonnet,  J.  pr.  Chem.  x.  206.— Borck. 
ibid.  liv.  254  ;  Jahresb.  1851,  p.  344.— Riche,  Ann.  Ch.  Phys.  L  5  ;  Jahresb.  1867. 
p.  J86.--Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  227.)— Tungsten 
heated  in  bromine-vapour  unites  directly  with  it,  forming  products,  the  composition  of 
which  has  been  variously  stated  by  different  chemists.  According  to  Borck,  the  pro- 
duct consists  partly  of  the  tetrabromide,  or  tungstous  bromide,  WBr*;  partly 
of  thopentabromide,  or  tungstoso-tungstic  bromide,  W^r'«  =- WBr«.WBr*, 
both  of  which  sublime  in  black  needles,  the  former,  however,  being  more  volatile  tlmn 
the  latter,  and  very  deliquescent. — According  to  Riche,  tungsten  heated  to  redness  in 
bromine-vapour,  is  converted  into  the  hexbromide  or  tungstic  bromide,  WBr*, 
partly  in  the  form  of  a  fused  mass,  partly  in  sublimed  needles,  of  a  chestnut-brown 
colour.  This  compound,  when  exposed  to  moist  air,  is  converted  superficially  into  the 
violet  oxybromide,  WBr*0,  and  finally  into  tungstic  acid ;  water  converts  it  immedi- 
ately into  tungstic  acid,  with  brisk  effervescence. — According  to  Blomstrand,  the  pro- 


The  black  needles,  described  by  Borck  as  the  tetrabromide,  consist,  according  to 
Blomstrand,  of  the  former  of  these  oxy bromides. 

•^t)entabromide,ortungstoso-tun^stic  bromide,  W*Br^«,  after  repeated 
fion,  has  a  bluish-black  colour;  it  boUs  and  sublimes  near  its  melting-point. 
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oxide,  WW,  which,  in  contact  with  the  air,  is  quickly  converted  into  yellow  tongstic 
oxide.     (Fore  her.) 

The  Pentachloride,  or  Tungstoso-tungatic  Chloride ,VPCi^* ^WCl*.VfCi; 
is  produced  by  the  combustion  of  metallic  tungsten  in  chlorine,  and  in  smaller 
quantity  by  heating  the  sulphide  in  chlorine,  mixed  in  both  cases  with  the  hexchlo- 
ride,  from  which,  and  from  the  oxychloride  formed  at  the  same  time,  if  moisture  is 
present,  it  may  be  separated  by  sublimation,  as  its  boiling-point  lies  midway  between 
that  of  the  hexehloride  and  that  of  the  oxychloride  (Fore her).  The  pentachloride 
is  likewise  obtained  by  gently  heating  nitride  of  tungsten  in  chlorine-gas,  and  by  the 
action  of  chlorine  on  an  ignited  mixture  of  tung^tic  oxide  and  charcoal. 

Pentachloride  of  tungsten  forms  dark-red  needles,  or  larger  crystals  of  a  purple-red 
colour.  It  is  more  Tolatilo  than  the  hexehloride,  melts  to  dark-red  drops,  and  its 
vapour,  which  resembJes  nitrous  anhydride,  quickly  condenses  in  soft  crystalline 
masses.  By  water  or  moist  air  it  is  converted  into  yellowish-green  tungstic  acid ; 
alkalis  dissolve  it  slowly,  with  evolution  of  hydrogen,  and  transient-blue  coloration, 
forming  solutions  of  tungstates.     (Fore her.) 

According  to  B lorn  strand,  on  the  other  hand,  the  pentachloride  is  much  less 
volatile  than  the  hexehloride,  and  to  obtain  it  pure,  the  mixture  of  pentachloride  and 
hexehloride,  produced  as  above,  must  be  heated  in  an  atmosphere  of  hydrogen  ;  care 
being  taken  that  the  heat  does  not  rise  too  high,  in  which  case  metallic  tungsten 
would  be  separated.  The  pentachloride  thus  obtained  may  be  resublimed  in  hydro- 
gen-gas, or  better  in  carbonic  anhydride.  Its  colour  is  like  that  of  the  hexehloride, 
but  of  a  darker  blackish-grey,  without  the  violet  tint.  It  melts  and  volatilises  much 
less  easily  than  the  hexehloride ;  yields  a  greenish-yellow  gas ;  crystallises  readily 
in  shining  blackish  needles  ;  and  solidifies  from  fusion  in  the  crystalline  form.  Water 
decomposes  it,  with  considerable  rise  of  temperature,  and  separation  of  a  bine-black 
oxide,  while  the  liquid  assumes  a  deep  greenish-yellow  colour,  which  it  loses  after 
some  time,  and  more  quickly  when  heat«^,  depositing  a  greenbh  precipitate.  The 
same  appearances,  but  with  deeper  colours,  are  produced  by  treating  the  compound 
with  alkalis  or  with  hydrochloric  acid. 

It  is  clear,  from  the  preceding  statements,  that  the  so-called  pentachlorides  obtained 
by  Blomstrand  and  by  Forcher  were  not  identical.  It  is  most  probable  that  Foivher's 
compound  is  the  true  pentachloride,  inasmuch  as  Biche  (Jahresb.  18«56,  p.  373),  by 
heating  the  hexehloride  in  hydrogen-gas,  obtained,  not  the  pentachloride,  but  the 
tetrachloride,  WCl*,  though  he  states  that  this  compound  is  very  difficult  to  prepare 
in  a  definite  state,  being  easily  resolved,  by  too  strong  a  heat,  into  metallic  tungsten 
and  the  hexehloride.  Altogether  the  chemistry  of  the  chlorides  and  bromides  of 
tungsten  is  still  in  a  very  unsatisfactory  state,  and  requires  further  investigation. 

Oxyolilorldefl. — Two  of  these  compounds  are  known,  analogous  to  the  oinrbromides, 
and  producible  by  similar  reactions. — Tungstic  dioxif chloride,  WCPO*,  or  WC1*.2W0', 
is  most  easily  prepared  by  heating  the  dioxide  in  chlorine-gas ;  it  is  also  produced,  in 
considerable  quantity,  when  a  mixture,  of  the  trioxide  and  charcoal  is  ignited  in 
chlorine-gas,  especially  when  the  proportion  of  charcoal  to  tungstic  oxide  is  as  5  :  1  or 
4  :  1.  Blue  oxide  of  tungsten  also  yields  this  compound  when  heated  in  chlorine, 
cither  alone  or  with  charcoal ;  and  it  is  even  produced,  though  in  small  quantity  an<l 
impure,  when  dry  chlorine  is  passed  over  native  wolfram,  finely  pulverised  and  igniteti 
(Forcher).  The  dioxychloride  forms  lemon-yellow  or  deep  golden-yellow  flocks,  or 
shining  scales,  which  volatilise  between  260°  and  267°,  in  vjipours  of  a  deep  but  pure 
yellow  colour  (colourless,  according  to  Blomstrand).  It  is  converted,  slowly  by 
moist  air,  more  quickly  ])y  water,  into  hydrochloric  acid  and  yellow  hydrated  tungstic 
acid,  WlI*OMr^().     Alkalis  dissolve  it,  forming  tungstates.     (Forcher.) 

The  monoxychloride,  WC1*0,  or  2WC1*.W()',  is  formed  when  the  preceding  com- 
pound is  heated,  the  c(mditi(m  oss«'ntial  to  its  formation  being  not  so  much  a  high 
temperature,  as  a  sudden  mising  of  the  heat  above  140^.  It  is  also  invariably  pro- 
duced, t()getlnr  with  the  yellow  dioxychloride,  in  the  processes  above  given  for  the 
preparation  of  the  latter,  and  when  tungsten  or  the  sulphide  is  burnt  in  chlorine- 
gas,  the  presence  of  air  or  moisture  not  l>eing  complf'tely  excluded.  It  is  of  a  cinnaliar 
or  scarlet  colour,  but  sometimes  crystallises  in  slender  nee<Ue8  of  a  lighter  rod  tint, 
or  in  orange-yellow  flocks  ma<le  up  of  slender  crystab<;  in  fused  crusts  it  has  a 
camiino  colour.  It  is  the  most  fusible  and  volatile  of  all  the  chlorine-compounds  of 
tungsten,  and  forms  a  deep  red«lish-yellow  vapour,  M-hith,  in  contact  with  the  air,  iM 
converted  inlo  yollowish-whit4*  hydrateil  tun^^stic  aci<l.  By  water  and  moist  air,  it  is 
quickly  c^juvtrteil  into  hydroi'hloric  and  tungstic  acids,  and  by  alkalis  into  a  tungstate. 
(Blomstrand;   Forcher.) 

The  vapour-density  of  this  oxychloride  was  found  by  Debray  to  bo  10*74  at  tho 
temperature  of  boiling  mercury,  10  27  at  that  of  boiling  sulphur.     Tho  density,  calcu- 
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easilr  separate  hj  salphjdric  icid,  which  precipiutes  the  tin  from  the  acididAlcd 
liquid  aa  fstAnnic  eulpliide,  and  leaves  the  tnngsteD  in  eolution.  When  stannic 
and  tungstic  oxides  are  mixed  together  in  the  §olid  frtate,  the  separation  mar  be 
f^'-ct'f-d  by  igniting  a  weightd  qnantity  of  the  mixture  in  a  corered  pofcelain  cmdble, 
and  pa<!t»ing  a  stream  of  hjdrogen-gas  into  the  cmdble,  through  a  hole  in  the  cover. 
The  loi»s  of  weight  thereby  occasioned  is  about  equal  to  that  which  would  correspond 
to  the  complete  reduction  of  the  tin-oxide  to  metal,  and  of  the  trioxide  of  tungsten  to 
dioxide.  The  ignited  residue  is  then  boiled  with  hydrochloric  acid,  the  tin  is  predpi- 
tated  from  the  Stered  s^^lution  by  hydrochloric  acid,  and  the  predpitated  sulpnide  it 
ctfurtri*^  by  roasting  into  stannic  oxide.  Lastly,  the  dioxide  of  tungsten  is  converted, 
by  ignition  in  the  air,  into  trioxide,  and  the  latter  is  weighed.  The  separation  cannot 
be  eifTected  by  fusing  the  mixture  with  add  sulphate  of  potassium  {H.  Rose  and 
Dexter,  Pogg.  Ann.  xcii.  335;  Jahresb.  1854,  p.  731).  According  to  Rammel s- 
berg  fPogg.  Ann.  cxx.  66;  Jahresb.  1863,  p.  678),  the  separation  effected  by  th© 
preceding  method  is  not  complete,  unbss  the  heat  applied  is  strong  enough  to  reduce 
the  tungsten  as  well  as  the  tin  to  the  metallic  state,  and  in  that  case  a  small  quantity 
of  tin  is  volatilised.  He  recommends,  as  a  better  method,  to  ignite  the  mixture  of  the 
two  oxides  repeatedly,  and  till  no  more  loss  of  weight  takes  place,  with  6  or  8  pts.  of 
sal-ammoniac.  To  prevent  the  depof>ition  of  stannic  oxide  on  the  outside  of  the  cru- 
cible, it  should  be  enclosed  within  a  larger  one,  and  heated  rather  qnid^ly.  The 
residual  tungstic  oxide  is  finally  ignited  in  contact  with  the  air. 

4.  Atomic  Weight  of  Tungsten.  ^Theolder  determinations  of  the  atomic  weight  of 
this  metal,  by  Berzelius  and  others,  did  not  lead  to  correct  results.  Schneider  (^Ann. 
Ch.  Pbarm.  Ixxvii.  261),  by  reducing  tungstic  oxide,  WO*,  in  a  current  of  hydi\>gen, 
found  that  100  pts.  of  the  oxide  yielded  79*316  pts.  of  metallic  tungsten;  and  on 
rofixidibing  the  metal,  he  found  that  79*327  pts.  of  tungsten  }nelded  100  pts.  of  the 
trioxide.  The  mean  of  thete  results  gives  W  «  184*12.  Marchand  (»&/</.  Ixxvii. 
261),  by  similar  experiments  of  reduction  and  oxidation,  found,  as  a  mean  value, 
W  »  184*1 ;  Bore k  (J.  pr.  Chem.  liv.  254)  found,  in  like  manner,  the  number  184  ; 
and  the  same  result  has  been  obtained  by  Dumas  (Ann.  Ch.  Pharm.  cxiti.  23). 
This  last  number  may  be  regarded  as  the  true  atomic  weight  of  tungsten,  supposing, 
as  most  of  the  chemical  relations  of  tungsten  seem  to  show,  that  its  highest  oxide 
has  the  composition  WO*,  and  the  corresponding  chloride  WCl*. 

The  prop<wal  of  Persoz  to  regard  tungstic  oxide  as  Tu*0*,  the  corrmpopding chloride 
as  TuCP,  the  atomic  weight  of  tungi^ten  being  153*3,  has  already  been  noticed  (p.  899). 
The  agreemeut  of  the  vapour-density  of  tungstic  chloride  calculated  from  this  formula 
with  Debmy's  experimental  numl^er,  is  certainly  remarkable;  but,  on  the  other  hand, 
the  spedfic  heat  of  the  metal,  as  determined  by  Regnault,  agrees  better  with  the 
atomic  weight  184  (according  to  the  law  of  Dulong  and  Petit)  than  with  163*3 
(see  Heat,  iii.  30) ;  moreover  the  composition  of  the  tungsten-compounds  is,  on  the 
whole,  more  conveniently  represented  by  the  ordinary  formula,  than  by  thoee  suggested 
by  I*erKoz. 

TUVOBTBir,  n»irOKZ]>B  OF.  Tungstic  oxide,  after  ignition,  is  but  sparingly 
dissolved  by  hydrofluoric  acid  ;  precipitated  tungstic  acid  forms,  with  hydrofluoric  acid, 
a  yellow  milky  liquid,  soluble  in  a  large  quantity  of  water.  The  solution,  when  slowly 
evaporated,  yields  a  yellow  syrup,  which  at  a  higher  temperature  gives  off  a  portion  of 
its  add,  and  M>]idifu-s  to  a  greenish  fissured  mass.  This  mass  is  not  decomposed  by 
ignition  in  a  clotjo  veswl ;  it  nrdissolves  imperfectly  in  water,  forming  a  milkv  liquid ; 
the  insfiluble  part  coiinints  of  tungstic  acid,  which  retains  a  portion  of  the  hyarofluoric 
acid  so  obstinately,  that  the  latter  can  only  be  expelled  by  igniting  the  tungstic  add 
with  lumps  of  ammonium-carl)onate.  The  solution  contains  tungstic  acid,  with  excees 
of  hydrofluoric  arid.    (Berzelius.) 

Tungstic  fluoride,  WP,  forms,  with  the  more  basic  metallic  fluorides,  compounds 
which  have  not  yet  bet'u  isf)latetl,  and  are  known  only  in  combination  with  tungstates 
(B  e  r  z  e  1  i  u  s).     These  double  oxyfluorides,  which  are  produced  by  treating  tungstates 


the  ratio  of  the  atomic  weights  of  these  elements  is  not  the  same  as  that  of  their 
equivalents.    (Marignac,  Ann.  Ch.  Pharm.  cxxv.  362  ;  Jahresb.  1862,  p.  144.) 

TUmOMTWOK  MZVBftJUb.  Native  tungstate  of  calcium,  alao  called  ac  hee  1  i  t  e 
(p.  907). 

TmOSTSW,  WXTKI9B  OF.  When  either  of  tho  chlorides  of  tungsten  is 
placed  at  the  sealed  end  of  a  long  glass  tul>e,  and  in  front  of  it  a  few  dried  lumps  of 
■al-ammoniac,  the  empty  part  of  the  tube  then  heated  to  redness,  and  the  heal 
gfradually  extended  to  the  closed  ccd,  so  th.it  tho  two  salts  nmy  be  volatilised  and 
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hydrate  with  borax  in  a  potteiy-famace,  obtained  the  anhydrous  oxide  in  small  trans- 
parent  tables  or  short  prisms  belonging  to  the  trimetric  system.  Debray  (Compt, 
rend.  Iv.  287),  by  strongly  igniting  a  mixture  of  sodic  carbonate  and  tungstate  in  a 
current  of  hydrochloric  acid  gas,  obtained  the  tungstic  oxide  in  octahedral  crystals — 
some  small  and  translucent  with  yellowish  colour,  others  larger,  black,  and  opaque. 

Tungstic  oxide  has  a  specific  gravity  of  5-27  (Uerapath),  6  12  (d'Elhujar),  7*11 
(Krosten).  It  is  tasteless,  insoluble  in  water  and  in  most  acids,  only  slightly  soluble 
in  strong  hydrochloric  and  in  hydrofluoric  acids.  "When  heated,  it  becomes  transiently 
darker  and  greenish,  at  very  high  temperatures,  but,  according  to  Bernoulli  ( Juhresb. 
1860,  p.  153),  the  greenish  and  the  yellow  oxides  have  exactly  the  same  compo.vjtion. 
Tungstic  oxide  melts  at  the  heat  of  a  forge-fire,  and  volatilist-s  quickly  when  heated  on 
charcoal  before  the  oxy hydrogen -blowpijie.  When  heated  for  ten  or  twenty  minutes 
before  the  oxy hydrogen-blowpipe,  in  a  covchkI  platinum-crucible,  it  forms  a  crystalline 
crust,  the  surface  of  which  exhibits  crystals  apparently  formetl  by  sublimation  ;  no  sub- 
limate is,  however,  formed  on  the  sidesof  the  crucible.  In  hydrochloric  acid  gas,  tungstic 
oxide  volatilises  ejisily,  forming  a  sublimate  of  j>jile-yellow  stellate  needlfs.  (Schafar  i  k.) 

Tungstic  oxide  turns  greenish  on  exposure  to  light,  prol)al)ly  in  consequence 
of  the  reducing  action  of  organic  particles  in  the  air.  According  to  Liesegang 
(Jahresb.  1865,  p.  214),  when  exposed  to  light  in  contact  with  or^a))ic  svUfiince^,  it  is 
reduced  to  blue  oxide.  When  heated  to  redness,  in  contact  with  charcfta/  or  hf/dn^n, 
it  is  reduced  to  dioxide  or  metal,  according  to  the  temperature  and  the  duration  of  the 
action ;  by  ignition  with  potassium  or  Sfnlium,  it  is  reduced  to  metal ;  by  ignition  in 
dry  ammonia-gas^  it  is  converted  into  oxynitretamidc  of  tungsten  (p.  903),  by  heating 
with  sulphur  to  blue  oxide. — AMien  it  is  heate«l  with  peniachloride  of  phospf torus,  oxy- 
chloride  of  phosphorus  passes  over,  together  with  small  quantities  of  tungstic  chloride 
and  oxychloride,WCl*0;  the  greater  part  of  the  tungsten,  however,  remains  in  the  re- 
sidue which,  when  treated  with  water,  yielJs  hydrochloric  acid  and  a  mixture  of  tungstic 
oxide  with  the  blue  oxide.  (Gerhardt  and  Chiozza,  Ann.  Ch.  Pharm.  Ixxxvii.  290; 
Jahresb.  1853,  p.  395 ;  see  also  Schiff,  ibid.  1857,  p.  106  ;  Weber,  ibid.  1859,  p.  79.) 

Tungstic  oxide  is  also  reduced  by  ziJic  and  hydrochhric  acid,  by  stannous  chloride^ 
or  by  boiling  with  organic  bodies  and  water — first  to  the  blue  oxide,  then,  by  further 
reduction,  to  the  brown  dioxide. 

Tungstic  Acid. — Tungstic  oxide  dissolves  in  aqueous  alkalis  or  alkaL'ne  car- 
bonates, slowly  in  the  cold,  more  quickly  at  the  boiling  heat,  forming  solutions  of 
tungstates ;  and,  on  precipitating  the  hot  solutions  of  these  salts  with  an  acid,  tung- 
stic monohydrate,  or  tungstic  acid,  H*WO*  =  IPO.WO*,  is  obtained  as  a  yellow 
precipitate ;  it  dissolves  in  hydrofluoric  acid,  and  separates  from  the  solution  in  crystals 
on  evaporation. 

By  mixing  a  dilute  solution  of  an  alkaline  tungstate  with  hydrochloric,  nitric,  or 
■nlphuric  acid,  a  white  gelatinous  precipitate  is  obtained,  having,  when  air-drii'd,  the 
composition  of  tungstic  dihydrate  or  hydrated  tungstic  acid,  2HK>.W0*  — 
H*WO*.H*0. — ^This  hydrate  is  likewise  formed  by  the  decompoKition  of  tungstic  chlo- 
ride, or  oxychloride,  with  water;  after  washing  and  drying,  it  is  sometimes  yellowish- 
grey  and  translucent,  sometimes  black  and  opiquo  ;  when  finely  pulverised,  it  is  said 
to  dissolve  in  200  pts.  of  boiling,  and  300  pts.  of  cold  water.  (Anthon,  J.  pr. 
Chem.  ix.  6. — Kiche,  Ann.  Ch.  Phys.  [3],  1.  5.) 

Tungstic  acid  reddens  litmus,  and  dissolves  in  aqueous  fixed  alkalis,  and  in  ammonia. 

TuNOSTATKs. — ^Tuugstic  acid  unites  with  bases  in  various  and  often  in  very 
unusual  proportions.  The  salts  have  been  <'xamined  by  Berzelins  (Pogg.  Ann. 
IV.  147;  viii.  267),  Anthon  (J.  pr.  Chem.  viii.  399;  ix.  6,  8,  and  337),  Margue- 
ritte  (J.  Pharm.  [3],  vii.  222),  Laurent  (Ann.  Ch.  Phys.  [5J,  xxi.  54),  Lotz  (Ann. 
Ch.  Pharm.  xci.  49;  Jahresb.  1854,  p.  339),  Scheibler  (Beri.  Akad.  Ber.  1860, 
p.  208;  Jahresb.  1860,  p.  154),  and  Marignac  (Ann.  Ch.  Phys.  [3],  Ixix.  6;  Jah- 
resb. 1862,  p.  143);  but  the  rcHults  of  these  investigations  are  not  very  accordant, 
inasmuch  as  the  salts  often  differ  considerably  in  composition  and  properties,  acc*)rd- 
ing  to  the  mode  of  preparation  adopted.  Iriiurent,  from  the  behaviour  of  the  ammo- 
nium-tungstates,  was  led  to  admit  the  existence  of  five  isomeric  or  polymeric  modi- 
fications of  the  tungstates  ;  but  from  recent  investigations,  it  appears  that  the  num- 
ber of  modifications  of  tungstic  acid  and  its  salts  may  be  reducetl  to  two,  viz. : 

1.  Ordinary  tungstic  acid,  which  is  insoluble  in  water,  and  forms  insoluble 
salts  with  all  metals,  except  the  alkali-metals. 

2.  Mcta tungstic  acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with 
nearly  all  metals* 

Ordinary  Tuvgstatts. 

Ordinary  tungstic  acid  forms  both  neutral  and  acid  salts.  The  nentral  tungstates 
contain  M'WO*,  or  M*O.WO';  the  acid  salts  were  formerly   supposeil  to  be  either 
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TuMOfiTATBS  OF  Aluminiuic. — The  neutral  salt^  obtained  by  precipitating  a 
neutral  alkali Qe  tungstate  with  alum,  in  white,  flocculcnt,  insolublo  in  water,  but  soluble 
in  aqueous  ammonia  and  in  acids. — The  acid  Bolt,  A1K)'.7W0*.9H*0  (at  100°),  obtained 
by  precipitation  with  an  acid  tungstate  of  alkali-metal  is  curdy,  united  in  resinoiia 
lumps,  and  forms,  when  dry,  a  yitreous  mass,  having  a  conchoidal  fracture.     (Lots.) 

TuNGSTA-TES  OF  Ammokium.— o.  The  neutral  salt  is  formed  by  digesting 
tuugstic  acid  or  oxide  with  aqueous  ammonia ;  on  evaporating  the  solution,  ammonia  is 
given  off,  and  an  acid  salt  remains. 

/8.  The  sesquiacid  salt,  2(NH*)«0.3WO«.3HK)  -  (NH«)<H«(W0*)«.2H*0,  sometimes 
eT)'8tallise8  from  a  very  concentrated  neutral  solution  of  tunestic  acid  in  ammonia,  in 
warty  crystals,  which  give  off  ammonia  in  contact  with  the  air,  leaving  the  following  salt. 

7.  3(NH*)*0.7WO».6H«0  =  (NH*/H«cW0*)'.2H«0.— This  salt,  to  which  Marig- 
nac  assigns  the  formula  6(NH*)'0.12W0*.1IH*0,  is  obtained  by  slow  evaporation  of 
a  cold  solution  of  tungstic  acid  in  ammonia  (Lotz;  Scheibler).  It  forms  vitreous 
rhombic  tables  or  prisms,  acuminated  with  four  faces  resting  on  the  edges  of  the 
prism.  It  has  a  biting  bitter  taste,  reddens  litmus  slightly,  dissolves  in  26  to  28  pts. 
of  cold  water,  is  sparingly  soluble  also  in  aqueous  ammonia,  and  insoluble  in  alcohol. 
The  solution  gives  with  nitric  acid  a  white  precipitate,  which  turns  yellow  gradually 
in  the  cold,  immediately  on  boiling.  When  ignited  in  a  close  vessel,  it  leaves  blue 
oxide  of  tungsten,  and,  when  ignited  in  contact  with  the  air,  it  leaves  pure  tungstic 
oxide,  which  retains  the  form  of  the  crystals. 

When  the  solution  is  evaporated  l^  heat,  small  shining  crystals  are  obtained 
(oblique,  striated,  rhombic  prisms,  according  to  Marignac),  containing  3(NH*)=0. 
rW0».3H*0  [or,  according  to  Laurent,  6(NH*)'0.12WO*.4H*0 ;  according  to  Ma- 
rignac,  6(NH<)«0.12WO".6H=0] ;  they  give  off  2  at.  water  at  160°,  and  are  recon- 
verted into  the  hexhydrated  salt  by  solution  in  water,  and  slow  evaporation.  (Scheibler.) 

9.  An  ammonio'trihydric  tdratuvgstate,  (NH*)K).8H^0.4WO*  =  (NlI*)«H«^WO*)«. 
is  always  formed  (according  to  Riche)  when  a  solution  of  ammonium-tung«tate  is 
left  to  eraporate  slowly ;  and  separates  at  ordinary  temperatures  in  shining  laminae 
containing  3  at.  water ;  at  40^ — 50°,  in  needles  containing  2  at.  water. 

According  to  Wo  hie  r  and  Anthon,  an  acid  tungstate  of  ammonium  is  produced, 
with  evolution  of  ammonia,  when  tungstate  of  potassium  or  sodium  is  boiled  with  sal- 
ammoniac.  According  to  Laurent,  Lots,  and  others,  the  salt  thereby  farmed  ia  a 
double  tungstate  of  ammonium  and  potassium  or  sodium. 

€.  The  salt,  2(NH*)''0.6WO».6H«0  -  (NH;)*H«(W0«)*.2H«0,  ciystaUites  on  cool- 
ing from  a  solution  of  the  salt  7,  saturat«>d  while  hot,  in  rhombic  octahedrons,  soluble 
in  26  to  29  pts.  of  water.  On  recrvstallising  it  from  water,  thin  nacreous  needles  are 
sometimes  formed,  containing  2[(NH*)*H*(WO*)^].3H«0.    (Marignac) 

TvNOSTATES  OF  Bakiux. — o.  The  neutral  salt,  Ba'^VO*  —  B:iO.WO',  is  ob- 
tained, in  the  anhydrous  state,  by  precipitation  from  the  solution  of  a  neutral  tungstate 
of  alkali -metal.  It  is  a  white  powdli;  insoluble  in  water,  decomposed  by  the  stronger 
adds,  and  also  by  alkaline  carbonates,  both  in  the  wet  and  in  the  dry  way.  According 
toScheiblor,  the  precipitate  formed  by  chloride  of  barium  in  a  solution  of  neutnil 
sodium-tungstate  is  always  a  mixture  of  different  salts  ;  biU  the  neutral  tungstate  may 
be  obtained  pure  bv  heating  the  metatungstato  with  hydrate  of  barium,  or  by  drop- 
ping bar}'ta-water  into  a  moderately  dilute  and  boiling  solution  of  acid  tungstate  of 
sodium,  (3Na'0.7WO*),  as  long  as  the  resulting  precipitate  is  redissolved ;  the  solution 
on  cooling  deposits  a  double  salt,  and  the  cooled  mother-liquor  yields,  with  excess  of 
ban'ta  water,  a  white  bulky  precipitate,  which  soon  becomes  dense  and  ciystailline, 
and  then  f3rms  spicular  octahedrons  of  pure  neutral  barium-tungstate.  The  Sitlt  thus 
obtained,  as  well  as  that  prepared  from  the  mctatungstate,  contains  2Ba^^0*.H*0. — 
The  anhydrous  salt  is  formed,  in  the  dry  way,  by  fusing  together  2  pts.  sodium-tung- 
state, 7  pts.  barium-chloride,  and  4  pts.  sodium-chloride,  and  crystallises  in  colourless 
octahedrons,  apparently  isomorphous  with  the  calcium-salt;  they  are  decomposed  by 
strong  nitric  acid  at  the  boiling  heat  only.    (Geut  her  and  Forsberg.) 

/8.  Acid  salt,  3Ba0.7WO*.8H«0.— Obuined  by  precipitation  from  the  acid  sodium- 
salt.    White ;  becomes  anhydrous  and  yellowish  by  ignition.     (Lotz.) 

Sodio-haric  tungstate,  ^?*J^|7WOM4HK)  (Scheibler), or  3^q|i2WO«.24UK) 

(Marignac),  separates  in  thin  plates  on  cooling,  from  a  hot  solution  of  acid  sodium- 
tungstate,  after  aiddition  of  baryta-water. 

TuNGSTATKOF  Cadmiux  is  obtained  in  colourless  crystals,  perhaps  isomor- 
phous with  the  calcium-salt,  by  fusing  4  pts.  sodium-tungstate  with  11  pts.  cadmium- 
chloride  and  16  pts.  common  salt  (Oeuther  and  Forsberg). — An  atnmoniu-cadmie 
tungstate,  4c3Cd0.7W0«).[3(NH')«O.7W0»]  +  35II«0,  is  obtained,  as  a  white  bulkv 
precipitate,  on  mixing  the  solutions  of  acia  ammonium-tungstatc  and  cadniium-suf- 
phate.    (Lots.) 
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Geather  and  Forsberg  hare  obtained  seTeral  crystallised  tnngstates  of  iron  and 
manganese,  by  fusing  tungsUte  of  sodium  with  chloride  of  manganese  and  chloride  of 
iron  in  various  proportions, 

TuxosTATES  OF  Lbad. — The  neutral  salt t  Pb"WO*,  or  PbO.WO*,  occurs  natire 
as  scheeletine, a  mineral  occurring  in  quadratic  crystals,  isomorphous with  molybdate 
of  lead  (iii.  1U39).  Length  of  principal  axis  =  1-5692.  Angle  1* :  P  in  the  terminal 
edges  =  99*^  42',  in  the  lateral  edges  =  131°  30'.  The  crystals  are  often  indistinctly 
aggregated.  Cleavage  imperfect  parallel  to  oP,  still  more  imperfect  parallel  to  P. 
Hardness  =  2'7'5.  Specific  gravity  =  7'87  to  8'13.  Lustre  resinous.  &ubad;unan> 
tine.  Colour  green,  yellowish -grey,  brown,  and  red.  Streak  uncoloured.  Faintly 
translucf'nt.  The  mineral  occurs  at  Zinuwald  in  Bohemia,  with  quartz  and  mica; 
in  Carinthia  with  molybdate  of  lead  ;  and  in  Chile,  probably  near  Coquimlw. 

Neutral  tungstatc  of  lead  is  produceil  artificially,  as  a  white  }X)wder.  by  precipitation 
fr<jm  the  neutral  Hodium-salt.  By  fusing  tungstate  of  sodium  with  4*7  pts.  of  chloride 
of  lead  in  a  closed  crucible,  a  dark-green  mass  is  obtained,  having  its  cavities  lined 
with  colourless  shining  ciystals  of  tungstate  of  lead.  (Alanross,  Ann.  Ch.  Pharm. 
Ixxxii.  3o7.) 

The  acid  kad-xalt,  3PbO.7WO'.10H2O,  is  formed,  on  mixing  acid  ammonium-tung- 
state  with  a  soluble  lead-salt,  as  a  white,  flocculrnt,  afterwards  pulverulent  precipi- 
tate, insoluble  in  water,  dilute  nitric  acid,  aqufous  nitrate  of  lead,  or  tungstate  of 
ammonium,  but  soluble  in  caustic  soda.     It  gives  off  7  at.  water  at  100°. 

TuxGSTATES  OF  LiTHiUM. — The  neutral  salt  is  prepared  with  tuncstic  acid 
and  carbonate  of  lithiimi,  either  in  the  wet  or  in  the  dry  way;  and  crystallises  from 
the  aqueous  solution  in  oblique  rhomboidal  prisms  (C.  Gmelin),  or  in  octahedrons 
(Anthon),  having  a  rough  bitter  taste  and  alkaline  reaction,  easily  soluble  in 
water.— The  acid  m//,  3Li«0.7WOM9H«0,  or  Li»H«(WO*)MoH*0  (Scheibler),  is 
prepared  like  the  corresponding  sodium-salt,  avoiding  an  excess  of  tungstic  acid,  which 
would  load  to  the  formation  of  a  metatungstate.  It  crystallises  in  large  monoclinic 
prisms  and  tables,  permanent  in  the  air,  somewhat  less  soluble  than  the  neutral  salt ; 
melts  only  at  a  high  temperature,  and  solidifies  to  a  porcelain-like  mass  on  cooling. 

TuNOSTATES  OF  Maonesium. — Solutious  of  magncsium-salts  are  not  precipi- 
tated by  neutral  tnngstates  of  alkali-metal.  By  boiling  magnesium-carbonate  and 
tungstic  oxide  with  water,  a  solution  is  obtained  which  on  evaporation  yields  small 
shining  scales,  permanent  in  the  air,  having  a  harsh  bitter  taste,  and  easily  soluble  in 
water  (Anthon).— The  neutral  salt,  Mg'WO<  »  MgO.WO*,  is  obtained  by  fusing 
1  pt.  sodium-tungstate,  2  pts.  magnesium-chloride,  and  2  pts.  common  salt,  and  boiling 
out  the  more  soluble  salts,  in  colourless,  octahedral  and  prismatic  crystals,  which  are 
gradually  decomposed  by  heating  with  strong  nitric  acid :  they  are  isomorphous  with 
the  neutral  calcium-salt     (Geuther  and  Forsberg.) 

Ammonin-^magnesian  Tungstates. — ^Thesalt  /yTTfVQ[7'WOM0H*O  separates  gradu- 
ally, in  small  nacreous  crystals,  from  a  mixture  of  the  liot  concentrated  solution  of  the 
tnngstates  of  magnesium  and  ammonium. — Another  double  salt,  o/vinmsof  ^"^^^^^ 

24H'0,  separates,  on  cooling,  as  a  crystalline  powder,  from  a  boiling  solution  of  acid 
ammonium -tungstate  mixed  with  sulphate  of  magnesium. 

TuxGSTATBS  OF  M A N o A N E s E.— Maugauous  salts  yield  a  white  or  yellowish 
precipitate  with  neutral  or  acid  tungstate  of  ammonium. — The  neutral  salt,  MnWO*. 
prepared  in  the  dry  way  like  the  magnesium-salt,  forms  thick,  light  garnet-brown, 
highly  lustrous,  rhombic  ciystals,  of  specific  gravity  6*7  ;  at  the  same  time  there  are 
formed  yellow  needles  having  the  same  composition  as  the  preceding  (Geuther 
and  Forsberg). — The  acid  salt,  3Mn0.7WOMlH'''0,  is  a  gummy  yellowish  precipi- 
tate, which  gives  off  only  3  at.  water  at  100°.     (Lotz.) 

The  tungstates  of  iron  and  manganese  have  been  already  described  (p.  907). 

TuNOSTATBS  OF  Meucurt. — a.  Mercurtc  Salts. — A  basic  salt,  3Hg0.2WO',  is 
obtained  by  precipitating  a  boiling  solution  of  mercuric  chloride  with  an  insufficient 
quantity  of  potassic  tungstate.  It  is  a  white  hoa\'y  powder,  insoluble  in  water. — An 
acid  salt,  2Hg0.3WO*,  is  obtained,  as  a  white  insoluble  body,  by  precipitating  a  solu- 
tion of  neutral  mercuric  nitrate  with  neutral  tungstate  of  potassium.  j)oth  these  salts 
are  decomposed  by  boiling  alkalis,  with  separation  of  mercuric  oxide,  and  leave 
tungstic  oxide  when  ignite<l. — An  ammonio'incrci'ric  tungstate,  Hg"(NH*)\WO*)*.H-0, 
is  obtained,  as  a  heavy  white  precipitate,  on  mixing  mercuric  nitrate  with  acid  tungstate 
of  ammonium. 

$.  Mercurous  tungstate,  Hg'O.WO',  or  Hg^WO*  (Anthon),  is  formed,  on  adding 
mercurous  nitrate  to  an  alkaline  tunghtate,  as  a  yellow  precipitate,  l>ecoming  dark- 
yellow  when   dr)',   insoluble  in   water,   leaving  tungstic  oxide   when  ignited.     Tlio 
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i.  1102).    For  the  methods  of  preparing  it  on  the  large  Bcale,  BeeKichardson  and 
Watt 8 's  Chemical  Technology,  i.  [4],  48). 

Acid  salU.— The  salt  3Na«d.7WO",  according  to  Lota  and  Schcibler(6NaK).12WO«, 
according  to  Laurent  and  Marignac),  is  prepared  similarly  to  the  corresponding 
potassinm-ealt — namely,  by  fusing  the  neutral  salt  with  a  sufficient  quantity  of  tungstic 
oxide,  and  boiling  the  product  with  water ;  or  by  boiling  a  solution  of  hydrate,  carbon- 
ate, or  neutral  tungstate  of  sodium  with  tungstic  oxide,  and  leaving  the  resulting 
solution  to  crystallise ;  or,  again,  by  fusing  wolfram  with  one-third  of  its  weight  of 
anhydrous  carbonate  of  sodium.  It  cr^-stalhses  from  cold  aqueous  solutions  with 
16  at.  water  (Scheibler)  [28  at.  water,  according  to  Marignac's  formula],  in 
large  striated  monoclinic  prisms,  of  specific  gravity  3*897  at  14®,  sometimes 
flattened  to  six-sided  tables.  It  has  an  astringent  and,  at  the  same  time,  sweet  and 
bitter  taste;  reddens  litmus;  dissolves  in  2*22  pts.  water  at  0^,  and  in  0*24  pt. 
at  100^  (Scheibler);  in  about  12  pts.  of  cold  water  (Marignac).  When  water  at 
85° — 40^  is  saturated  with  this  salt,  the  cooled  solution  retains  1  pt.  of  salt  dis- 
solved in  |9  pts.  water ;  but  gradually  (in  about  7  months),  so  much  separates  out  that 
1  pt.  remains  dissolved  in  nearly  12  pta.  water.  If  the  salt  be  boiled  for  Bom«^  time 
with  water,  a  solution  is  formed,  which,  when  cold,  contains,  after  one  to  twelve  days, 
1  pt.  salt  to  0*68 — 2*6  pts.  water ;  and  after  seven  months,  1  pt.  salt  to  9*7  pts.  water 
(Marignac).  The  salt  eiBoresces  i n  dry  air,  gives  off  1 2  at.  water  at  1 00°,  and  the  rest 
at  300°,  leaving  the  anhydrous  salt,  3Na^0.7WO',  of  specific  gravity  6*49,  and  still  per- 
fectly soluble  in  water.  It  molts  at  a  red  heat,  and  solidifies  in  the  crystalline  state  on 
cooling;  water  then  extracts  from  it  the  alkaline  sesquiacid  salt,  2Na'0.3WO*,  leaving 
the  anhydrous  tetratungstate,  Na'^0.4W0*,  in  the  form  of  a  laminar  or  scaly  cr^'stalline 
mass,  having  a  nacreous  lu^tjre.  This  last-mentioned  salt  is  quite  insoluble  in  water ; 
it  does  not  melt  at  a  moderate  heat,  but  when  more  strongly  heated,  cakes  together  to 
a  semifused  mass,  containing  deep  blue-green  crystals  (?  of  sodio-tungstous  tungstate). 

When  the  solution  of  the  salt,  3Na^0.7WO',  is  evaporated  by  heat,  crystals  are 
obtained,  containing  smaller  quantities  of  water  than  the  al)Ove — vix.,  at  60° — 80°, 
monoclinic  crystals  containing  3Na*0.7WO*.ldH'''0 ;  and  at  100'^,  shining  octahedrons, 
containing  3Na^7WOM2H»0.  or  6NVO.12WO«.20H«O.    (Marignac) 

A  salt  containing  2NaK).5WOM2II'0,  is  obtained,  according  to  Forcher,  in  bril- 
liant translucent  crystals,  by  prolonged  digestion  of  the  neutral  salt  with  water,  or  by 
saturating  a  warm  solution  of  that  salt  with  tungstic  acid. 

A  diacid  salt,  Na'0.2WO*.2H'0,  is  precipitated  from  the  solution  o{  the  neutral 

salt  by  hydrochloric  acid,  as  a  cr}'8tHl line  powder  (Kammelsberg,  Pogg.  Ann.  xciv. 

514)._The  anhydrous  diacid  salt,  Na»0.2W0«,  or  Na-WO*.WO«,  is  fomed  by  fusing 

1  at.  of  the  neutral  tungstate  with  1  at.  tungstic  acid,  and  is  found  in  needles  lining 

the  cavities  of  the  resulting  crystalline  mass.     (Forcher.) 

Na'O     ) 
Ammonio-sodic  Tnngstates. — a.  Thesalt,  o/jTTT4%?Q?7WO'.3H'0,cry8talli8esin white 

nacreous  scales,  from  a  warm  concentrated  solution  of  1  at.  neutral  sodium-tungstate, 

mixed  with  rather  more  than  1  at.  chloride  of  ammonium. — fi.  .  o/xh*'\*0  ( ®5WOM4H^O 

separates  in  cryRtalline  scales,  on  pouring  a  boiling  solution  of  1  at  eodium-tungstate 
into  aboiling  solution  of  2at.6al-aramoniac,alaigequantity  of  ammonia  being  at  the  same 

time  evolved. — y.  The  salt  6[}rj^TT4v,Qj.l2WO*.12H»0,orperhape,inthepupe8tate, 
A^NH^sol  I2H*W0*,  crystallises  in  nacreous  rhombic  lamina,  on  mixing  the  nolutionsof 
the  acid  tungstates  of  sodium  and  ammonium.  It  is  soluble  in  water,  bat  is  reaolved  bj 
recrystallisation  into  the  ammonium-  and  sodium-salts. — '• '^^^  Balt«^|^^4vtQ  [  12W0'. 

6H'0,  is  prepared  similarly  to  the  preceding,  which  it  resembles.    (Marignac) 
Jiano-itodic  tungstate  has  been  already  deecrilM»d  (p.  906). 

Votassio-sodic  Tungstatrs. — A  mixture  of  the  tunp;xtates  of  potassium  and  sodium 
deposits,  first,   crystals  of   the  acid  potassium -salt,   then   two  double   mUs,  vii^ 

^]^|.12WOM6H'0,  in  monoclinic  crystals,  and  /:(vJ^*^^Vl2WO«.26H«0,  in  ob- 
lique rhombic  octahedrons,  and  lastly,  the  acid  sodium-nalt     (Marignac) 

TvMOSTATKS  OF  Stbowtium. — The  neutral  salt,  8rW0*,  is  prepared  like  the 
barium-salt,  which  it  resembles.  By  fusing  1  pt.  of  podium-tnngstate  with  2  pis. 
strontium-chloride  and  2  pts.  common  salt,  it  is  oUained  in  white  translucent  eiTStals, 
having  the  form  of  native  tuncstatr  of  lead.     (Schulteo.) 

The  acid  salt  (Sr0.2WO».4H*0  according  to  Anthon,  3Sr0.7WO".4H«0  according  to 
Lotz).prepared  like  the  acid  barium-salt,  is  white,  insoluble  in  cold  water,  deconpMcd 
by  acids,  and  becomes  anhydrous  when  heated. 
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Quantity  of  tungstic  oxide)  ,  «..  -^  ^-.  i-^.a 

(W0«)  in  100  ptB.         J     '        ^  2^  ^^  ^^^  ^^^• 

Specific  gravity       .        .        .     1*0475        12168        1*8001        2*696        8243. 

(Graham,  Chem.  See.  J.  xvii.  318 ;  Jahrosb.  1864,  p.  179.) 

Metatungstatee,  M20.4 WO*,  or  M«W0*.3W0*.— These  salts  hare  been  examined 
chiefly  by  Scheibler' (J.  pr.  Chem.  Ixxx.  204;  Jahresb.  1860,  p.  166};  bat  the 
ammonium-8alt,  which  was  the  first  known,  was  discovered  by  Margueritte  (Ann. 
Ch.  Phys.  [3],  xvii.  475).  They  have  the  composition  of  quadracid  tongstatee,  bat 
the  tungstic  acid  obtained  from  them  is  not  ordinary  tungstic  acid,  but  the  more 
soluble  modification.  They  are  formed  from  ordinary  tungstates  by  addition  of 
tungutic  acid,  or  by  abstraction  of  part  of  the  base.  The  metatungstatea  of  the 
alkali -metals  are  best  prepared  by  boiling  the  solutions  of  the  corresponding  tungstates 
for  some  time  with  hydrated  tungstic  acid,  H^O*.H*0,  or  by  dropping  an  acid 
(phosphoric  acid  being  the  best  adapted  for  the  purpose)  into  the  solution  of  an 
alkaline  tungstate,  as  long  as  the  tungstic  acid  separated  in  the  first  instance  redis- 
Bolvcs.  The  other  metatungstates  may  be  prepared  from  those  of  the  alkali-metals  by 
double  decomposition,  and  very  easily  by  decomposing  the  metatungstate  of  barium 
with  soluble  sulphates.  The  metatungstates  may  also  be  prepared  by  the  direct  com- 
bination of  metatungstic  acid  with  bases,  or  by  its  action  on  carbonates,  nitrates,  or 
chlorides,  all  of  which  it  decomposes. 

The  metatungstates  are  for  the  most  part  soluble  and  crystallisable  ;  some  are  very 
soluble,  and  leave  amorphous  gummy  masses  when  evaporated ;  according  to  Marig- 
nac,  they  react  nearly  neutral,  colouring  litmus  violet;  they  effloresce  in  dry  air,  and 
give  cfi"  the  greater  part  of  their  crystallisation-water  below  100°.  The  metatung- 
states of  the  alkali-metals  do  not  melt  at  a  red  heat,  but  merely  bake  together,  decom- 
posing at  the  same  time,  with  formation  of  blue  oxide.  Their  solutions  do  not  pre- 
cipitate the  salts  of  the  earth-metals,  or  of  the  heavy  metals,  excepting  those  of  lead 
and  mercurosum.  They  give  no  precipitate  with  ferrocyanide  of  potassium, — Adds 
jidded  to  the  solutions  of  metatungstates  do  not  precipitate  either  white  or  yellow 
tungstic  acid. — Zinc  and  hydrochloric  acid  colour  them  blue,  changing  to  reddish- 
violet  (not  to  brown  like  the  ordinary  tungstates :  Forch  er).  These  reactions  are  suffi- 
cient to  distinguish  the  metatungstates  from  the  acid  tungstates,  with  which  they  are 
in  some  cases  isomeric.  They  are,  however,  easily  reconverted  into  ordinair  tung- 
states by  addition  of  aqueous  alkalis,  the  solutions  being  then  precipitated  by  acids,  as 
well  as  by  the  salts  of  the  alkaline  earth-metals  and  other  metals. 

Metatungstic  acid  precipitates  the  solutions  of  organic  bases  in  flocks,  and  may 
therefore  be  used  as  a  reagent  for  these  bases;  tlie  solution  of  a  metatungstate 
acidulattd  with  a  mineral  acid,  or  ordinary  tungstate  of  sodium  mixed  with  excess  of 
phosphoric  acid,  may  be  used  for  the  purpose.  This  reaction  with  metatungstic  acid 
13  said  to  be  even  more  delicate  than  that  with  phospho-molybdic  acid,  a  distinct 
turbidity  being  produced  by  metatungstic  acid  in  a  solution  containing  not  more  than 
1  pt.  in  200,000  of  quinine  or  strychnine. 

Metatungstate  o/ ^mwiowttiw,  (NH*)nV*0»».8lI«0,  or  (NH*)«0.4W0»  +  8aq. 
according  to  Scheibler;  2(NH*)2W*0'M5H'-0,  according  to  Lotz.— This  salt, 
di.scovcred  by  Margueritte,  is  produced  by  boiling  tungstate  of  ammonium,  either  alone, 
whereupon  ammonia  is  given  off,  or  with  tungstic  acid,  which  is  dissolved.  On  evapo- 
rating the  solution  to  a  syrup,  ordinary  ammonium-tungstate  separates  out  first,  and 
the  filtrate  deposits  the  metatungstate  in  highly  lustrous  transparent  octahedrons, 
which  efflort>sce  on  exposure  to  the  air.  The  salt  is  very  soluble  in  water,  melting  at 
first  at  the  bottom  of  the  liquid,  like  phosphorus.  The  solution  is  strongly  refractive, 
is  not  precipitated  by  hydrochloric  or  nitric  acid,  but  when  mixed  with  ammonia,  and 
evaporated,  yields  crystals  of  ordinary  acid  tungstate,  3(NII*)-0.7WO'  (Lotz). —  From 
the  mother-liquor  of  the  octahedral  metatungstate  just  described,  Margueritte  ob- 
tained the  suit  (NII*)*0.6\V0'  ♦  13aq.,  in  well-defined  crystalline  laminae.  —  The 
pot  as  sin  m  -salt,  K'AV^C'.SH'O,  obtained  by  boiling  the  tungstate  with  tungstic  acid, 
ciTstallises  in  shining  octahedrons  resembling  the  ammuniimi-salt«  The  same  solu- 
tion yields  slender  needle-shaped  crystals,  which,  however,  are  converted  into  the 
octahedral  salt  by  recrj'stallisation;  the  salt  appears  therefore  to  be  dimorphous 
(Scheibler). — The  sodium-salt,  Na-W^O'MuIl-'O,  also  crystallises  in  shining  octa- 
hedi-ons.  appai-ently  regular,  of  specific  gravity  3'84,  and  very  efilorescent.  One  jtart  of 
water  at  ordinary  temperatures  dissolves  10'69  pts.  of  th(»-8e  crystals,  forming  a  solu- 
tion of  specific  gravity  30 19 ;  hot  water  dissolves  the  salt  in  all  proportions.  The 
salt  gives  off  all  it*  water  at  a  heat  much  below  reiluess,  and  if  it  has  not  been  too 
btitjugly  heated,  still  dissolves  completely,  though  slowly,  in  water  (Ma rignac).  In 
other  respects  it  behaves  like  the  potassium-  and  ammonium-salts.    Margueritte  like- 
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pound  is  a  good  conductor  of  electricity,  is  sciircely  oxidised  when  heated  to  ledneH, 
but  burns  with  great  splendour  on  charcoal  in  a  stream  of  oxygen,  or  on  fiuied  chlo- 
rate of  potassium ;  it  is  not  attacked  by  any  acid,  not  eren  by  nitromnriatic  add. 
(Wohler,  Chem.  Soc.  J.  t.  94.) 

TUWOSTaWv  8V&VBXBBS  OV.  The  disulphide,  WS*,  is  formed  when 
tungsten,  or  one  of  iU  oxides,  is  heated  to  redness  with  sulphur,  or  certain  Tolatiia 
sulphur-compounds.  It  is  prepared  by  igniting  tungsten  or  tungstic  oxide  with  6  pis. 
of  cinnabar,  or  by  passing  the  vapour  of  carbonic  disulphide  or  sulphydric  acid  oyef 
tungstic  oxide  heated  to  redness  in  a  porcelain  tube ;  also  b^  igniting  the  trisulphide 
in  a  close  vessel  (Berzelius  and  Borck).  Riche  preoares  it  by  fusing  equal  pMts  of 
acid  potassium-tungstate  and  sulphur  in  a  crucible,  and  lixiviating  the  mass  with  water. 

Bisulphide  of  tungsten  is  (according  to  Be rz el ius)  a  greyish-white  powder,  acqmr- 
ing,  by  pressure,  a  steel-arey  colour  and  metallic  lustre.  According  to  Kiche,  it  ionDi 
slender,  soft,  black,  needle-shaped  crystals,  which  soil  the  fingers  like  graphite.  It  it 
oxidised  by  ignition  in  the  air,  or  in  vapour  of  water,  also  when  gently  heated  with 
nitric  or  nitromnriatic  acid.  It  is  not  altered  by  fusion  with  cyanide  of  potassiiim. 
(Wohler  and  v.Uslar.) 

Thetrisulphide,  or  Tunffsti^  Sulphide^  WS»,  has  hitherto  been  obtained  only 
in  the  wet  way.  It  is  prepared  by  dissolving  tungstic  oxide  in  sulphydrate  of  ammo- 
nium or  potassium,  and  precipitating  with  an  acid ;  or  by  saturating  an  aqueoof 
solution  of  alkaline  tungstatc  with  sulphydric  acid,  and  precipitating  with  hydrochloric 
acid.  It  is  black  when  dry,  and  yields  a  liver-coloured  powder;  dissolves  slightly  in 
cold  water,  more  easily  in  boilinff  water ;  and  is  precipitated  almost  completely  bv  sal- 
ammoniac  and  other  salts,  and  by  acids.  When  boiled  with  hydrochloric  acid,  the 
precipitate  becomes  denser  and  darker-coloured,  ultimately  black-blue,  but  remaiui 
soluble  in  water.  It  dissolves  easily,  especially  when  recently  precipitated,  in  hydrate 
or  carbonate  of  potassium,  and  in  ammonia.  When  ignited,  alone  or  with  qranide  of 
potassium,  it  is  reduced  to  the  disulphide. 

Trisulphide  of  tungsten  unites  readily  with  basic  metallic  sulphides,  forming  sul- 
phur-salts called  sulphotungstates,  represented  for  the  most  part  by  the  formula 
M*WS*,  or  M-S.WS»,  analogous  to  that  of  the  neutral  tungstates.  The  sulphotung- 
states of  the  alkali-metals  and  alkaline  earth-metals  may  be  prepared  by  dissolving  the 
trisulphide  in  the  corresponding  sulphydrates,  or  by  treating  the  comspondii^  tung- 
states with  sulphvdric  acid  When  tnsulphide  of  timgsten  is  dissolved  in  a  caustic 
alkali  or  an  alkaline  carbonate,  a  tungstate  is  formed,  loeether  with  the  snlphotung- 
state ;  and  the  resulting  solution  yields,  with  acids,  a  light  red-brown  precipitate  of 
tungstic  oxy sulphide,  which  does  not  turn  black  when  boiled  with  hydrochloric 
acid.  The  insoluble  sulphotungstates  of  the  earth-metals,  and  heavy  metals,  are  ob- 
tained by  precipitation,  or  by  boiling  a  solution  of  alkaline  sulphotungstate  with  the 
corresponaing  oxides. 

The  ammonium-Mlt,  (NH^)^S*,  separates  from  a  concentrated  solution  in  yellowish- 
red  crystals ;  and  the  mother-liquor,  when  led  to  evaporate,  deposits  yellow  rectangular 
tables.  The  salt  is  somewhat  sparingly  soluble ;  it  decrepitates  when  heated,  and  when 
ignited  out  of  contact  of  air,  leaves  tungstic  sulphide  in  lumps  having  a  metallic  lustre. 
*  The  potassium-salt,  K'WS^,  separates  from  its  aqueous  solution,  on  evaporation,  in 
anhydrous  yellow  crystals,  or  smooth,  pale,  four-sided  red  prisms,  with  dihedral  sum- 
mits, and  IS  precipitated  by  alcohol  in  delicate  cinnabar-red  prisms.  The  aqueous 
solution,  mixed  witnasmall  quantity  of  hydrochloric  acid,  yietdsi  by  evaporation,  a 
black  mass,  consisting  of  an  acid  sulphotungstate,  K«8.2WS*,  or  K*WS*.^¥S•.— -The 
aqueous  solution  of  the  neutral  salt^  boiled  with  cupric  hydrate,  yields  cupric  sulphide 
and  tungstate  of  potassium.  If  the  solution  of  the  sulphotungstate  contains  also 
tungstate  of  potassium,  or  if  the  tangstate  be  fused  with  sulphur  and  the  fbsed  mass 
dissolved  in  water,  the  solutionyields  by  evaporation  lemon-yellow  rectangular  plates 
of  the  oxysidphotufigstate,  K'WS'0*.2H'0.  A  solution  of  2  pts.  potassinm-eulpho- 
tungstate  and  1  pt.  potassium-nitrate,  yields  ruby-red  transparent  crystals  of  a  double 
salt,  containing  K^S\ENO',  which  detonates  like  gunpowder  when  heated  to  com- 
mencing redness,  yielding  a  pale-yellow  mass,  from  which  water  extracts  tungstate  and 
sulphotungstate  of  potassium,  leaving  disulphide  of  tungsten. 

The  sodium-salt,  Na'WS*,  crystallises  with  difficulty  from  the  aqueous,  mora  easily 
from  the  alcoholic  solution,  by  spontaneous  evaporation.  The  crystals,  when  exposed 
to  the  air,  soon  become  moist  and  yellow.  There  is  also  an  acid  salt,  soluble  in 
water  and  in  alcohol. 

The  barium-salt  is  prepared  bypassing  sulphydric  acid  gas  through  water  in 
which  tungstate  of  banum  is  suspended,  and  ciystallises  by  evaporation  in  yellow, 
transparent,  crystalline  crusts.  When  tungstic  sulphide  is  dissolved  to  saturation  in  pro- 
tosulphide  of  burium,  the  yellow  solution  yields,  by  evapomticm,  a  brown  amorpbona 
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mass. — ^The  ealeiumsalty  prepared  like  the  barimnHMiIt,  is  an  amorphous  mass,  easily 
soluble  in  water  and  in  alcohol ;  the  strontium-'  aad  moffnesium-^altSt  prepared  in  like 
manner,  are  also  soluble  in  water  and  in  alcohol ;  the  former  separates  in  lemon- 
yellow  radiate  crystals,  the  latter  is  uncrystallisable.  The  solutions  of  the  calcium-, 
strontium-,  and  magnesium-salts  take  up  an  additional  quantity  of  tungstic  sulphide, 
and  then  leave,  on  evaporation,  brown  or  brown-red  amorphous  masses. — The  manga- 
nous  salt,  Mn'^SS  also  dissolves  in  water,  forming  a  yellow  solution. 

The  cadmium-salt^  Cd'WS\  and  the  zine-salt  are  yellow  precipitates,  the  latter 
separating  gradually ;  the  cerium'Salt  is  also  a  yellow  precipitate,  which  separates 
only  after  24  hours. — The  sulphotungstates  of  coiilt,  copper,  lead,  and  nickel,  ^epre- 
•ented  by  the  general  formula  M'^S*,  are  brown  or  bladL-brown  precipitates. — The 
tnercuric  salt,  Hg^S^  is  precipitated,  on  mixing  the  solutions  of  mercuric  chloride  and 
potassium-sulphotungstate  in  equivalent  proportions,  in  orange-yellow  flocks ;  with  an 
excess  of  meccurie  chloride,  the  pvedpitate  is  white ;  with  an  excess  of  the  alkaline 
sulphotungstate,  black. — llie  mercurous  salt^  Hg^'S\  is  a  black  precipitate;  the 
sUver-salt,  Ag'WS*,  dark-brown. — ^The  stannous  salt,  Sn^^S^  is  precipitated  in  brown 
flocks ;  the  stannic  salt,  Sn''(WS«)'.Sn''S',  in  greyish-yellow  flocks.— The  platinie 
salt,  Pt<*(WS«)*,  and  the  auric  salt,  Au'^(WS%  are  black  precipitates;  the  bismuth- 
salt,  Bi'"(W8«)»,  dark-brown,  nearly  black.— The /errir  salt,  ¥e'"(W8*y,  is  a  dark-brown 
bulky  precipitate.  Ferrous  salts  do  not  pvecipitate  a  solution  of  potassium-sulpho- 
tungstate.    (Berselius.) 

•  TWCMITB«-MaTKT&.  W(CIF)^  (Riche,  Compt  rend.  xlii.  203.— 
Cahours,  Jahresb.  1861,  p.  353.)— When  tun|;8ten  is  heated  with  methylie  iodide  to 
240°  in  a  sealed  tube  for  several  days,  a  viscid  liquid  is  formed,  from  which  ether- 
alcohol  extracts  iodide  of  tungsten-methyl,  consisting,  aeoording  to  Riche,  of 

W{CE*yi\  but,  according  to  Cahours's  analysis,  of  W*^*  H  p  ^ ,  a  composition  which 

it  in  accordance  with  the  known  atomicity  of  tunesten.  This  iodide  er3rstallise6  in 
colourless  tables,  melts  at  110^,  and  when  agitated  with  recently-precipitated  silver- 
oxide,  is  converted  into  oxide  of  tungsten-methyl,  or  tungstic  oxytetra- 

m  e  th  i  d  e,  W^  ]    ry    *    '^^^  oxide  dissolves  in  acids,  forming  uncrystallisable  salts, 

remaining,  when  concentrated,  as  viscid  liquids,  from  which  the  oxide  is  reprecipitated 
by  alkalis. 

Tungsten  heated,  in  like  manner,  with  elhylie  iodide  is  scarcely  attacked,  only  a  few 
needles  of  tungstic  oxyiodide  being  formed,  which  float  about  in  the  liquid.    (Rich  e.) 

TinrCMTIO  OOMPOWSS.  Compounds  in  which  tungsten  is  hexatomic,  vir., 
WC1«,  W0»,  W(CH«)*I«.  &c. 

TmrOSTOSI&XOIO  AOIBS.  (Mari^nac,  Ann.  Ch.  Phys.  [4],  iii.  5; 
Jahresb.  1864,  p.  220.)— These  are  tetrabasic  acids,  containing  both  silicon  and  tung- 
sten.   Their  names  and  formul»,  as  given  by  Marignac,  are  as  follows : 

Silicoduodecitungsttc  or  Silicotungstic  acid  .        .        .    4H*O.SiO*.12WO*. 

Tungstosilicic  aad 4HK).12WO«J3iO«. 

Silicodecitungstic  acid 4H«O.SiOM0WO«. 

They  may  be  regarded  as  tungstates  of  silicon  and  hydrogen,  the  first  two  having  the 
composition  H"Si'^0*.12W0',  which  is  referable  to  that  of  an  acid  tungsUte,  M'0.2W0'. 
The  potassium-  or  aodinm-salt  of  the  first  of  these  acids  is  pimluced  by  boiling 
gelatinous  silica  with  add  tangstate  of  potassium  or  sodium,  its  formation  probably 
taking  place  as  represented  by  the  equation : 

or  K^.fzV^i-  +  '''(=°>*  =  K«8i''0'.12WO«  +  4K(H0). 

The  resulting  solution  yields,  with  mercurous  nitrate,  a  precipitate  of  mercurous 
silicotungstate ;  this,  when  decomposed  hj  an  exactly  eqmvilent  quantity  of  hy- 
dochloric  acid,  yields  a  solution  of  hydric  silicotungstate,  or  silicotungstic 
acid;  and  the  other  silicotungstates,  which  are  all  soluble,  are  obtained  by  treating 
the  acid  with  carbonates. 

Silicodecitungstic  acidis  obtained  asanammoninm-saltby  boiling  gelatinous 
silica  with  solution  of  acid  tungstate  of  ammonium ;  and  from  this,  the  acid  and  its 
other  salts  may  be  obtained  in  the  same  manner  as  the  preceding.  The  silicodeci- 
tungstatesare  very  unstable,  and  the  acid  is  decomposed  by  mere  evaporation,  depositing 
silica,  and  being  converted  into  tungstosilicic  acid,  which  is  isomeric  with  silico- 
tungstic acid,  and  likewise  decomposes  carbonates.  All  three  of  these  acids  are 
capable  of  exchanging  either  one  half  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  forming  scid  and  neutral  salts ;  silicotungstic  acid  also  forms  an  acid  sodium- 
adt,  in  which  only  one-fbuith  of  the  hydrogen  is  replaced  by  sodium. 

8k2 
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Billeatiiiifstio  Aald,  4HK).SiO'.12WO*  »  H*SiWi*0^.— The  eoncentntcd  solii- 
tion  of  this  add,  obtained  as  above,  Tields  the  acid,  by  spontaneoiis  eraporation,^  in 
large,  shining,  colourless  (or  slightly  jell.wish),  quadratic  octahedrons,  containing 
H»8iW»K)*«  .  29H«0.  They  are  combinations  of  P  .  ooPoo  .  oP.  haTing  the  angle 
P  :  P  in  the  terminal  edges  -  109<'  9' ;  in  the  lateral  edges  - 1 10<>  6'.  They  effloresce 
in  contact  with  the  air,  begin  to  melt  at  36^,  and  fuse  completely,  at  53°,  to  a  liquid 
which  yields  another  crystalline  hydrate.  At  100^  they  give  off  35  at.  water,  another 
portion  at  a  higher  temperature,  and  the  remainder  at  350° ;  at  this  temperature, 
bowerer,  the  acid  rrtains  its  solubility ;  but  at  a  stronger  heat,  it  is  converted  into  aa 
insoluble  mixture  of  silicic  and  tungstic  anhydrides.  The  other  hydrate,  above 
mentioned  as  separating  from  the  melted  acid,  contains  H'SiW^CH' .  22H'0,  and  is 
likewise  formed  when  the  acid  separates  from  a  solution  containing  hydrochloric  or 
sulphuric  acid.  The  crystals  are  combinations  of  a  rhombohedron  (R)  with  the  basal 
ena-face  and  a  subordinate  acute  rhombohedron,  wherpby  they  acquire  the  character 
of  cubo-octahedrons  (R  :  R  in  the  terminal  edges  -  88°  48';  oP:  R  *  124^  25*) ; 
they  are  distinguished  ftx>m  the  octahedral  crystals  by  their  permanence  in  the  air. 
Silicotungstic  acid  dissolves  easily  in  water  and  in  alcohol;  the  aqueous  solution, 
saturated  at  18°,  contains  1  pt.  of  the  octahedral  acid  to  0*104  pt.  water,  and  has  a 
density  of  2'283.  The  alcoholic  solution  mixes  with  an  equal  volume  of  ether  without 
turbid  it  V ;  but,  on  adding  more  eth^r,  the  concentrated  ethereal  solution  separates  as  a 
syrupy  Layer,  which  forms  a  clear  solution  in  water,  but  becomes  turbid  and  gives  up 
the  ether  when  heated.  The  same  syrupy  liquid  (which  does  not  contain  any  silior- 
tungstic  ethers),  is  obtained  by  exposing  either  the  octahedral  or  the  riiombohedral 
crystals  to  ether-vapour. 

Silicotungstates.— Silicotnngstic  acid  is  a  strong  acid,  decomposing  carbonates, 
and  easily  forming  double  sailts.  The  salts  are  all  soluble  in  water,  excepting  the  mer- 
curous  salt,  and  almost  all  crystallise  well.  They  are  not  altered  by  boiling  with 
hydrochloric  acid.  Caustic  alkalis  and  alkaline  carbonates  throw  down  silicic  acid 
finom  their  solutions;  the  precipitate  formed  by  ammonia  redissolves  at  the  boiling 
heat.  When  heated  to  reaness,  they  glow  slightly,  and  leave  a  residue  eontaining  free 
tungstic  anhydride.     « 

Silicotungstate  of  Aluminium  is  obtained  by  dissolving  aluminium-hvdrate  in 
silieotungstic  acid,  or  by  adding  the  latter  to  a  solution  of  alnmininm-cluoride,  in 

laige  regular  octahedrons  containing  Ar*H>«Si»W»H)'»87H«0.  or  2AlK)".6HK).3(SiO«. 
12^0*) .  87aq.  The  cold  solution  is  rendered  turbid  by  addition  of  ammonia,  but 
becomes  clear  again  when  warmed,  and  yields,  after  evaporation  of  the  excess  of 
ammonia,  an  ocUhedral  double  salt,  containmg  2Al'0'.9(19H*)*0.3(SiO*.12WO*) .  75sq. 

Ammonium'9alt9,—T\i^  octammonic  or  teirahatie  salt,  (NH«)«SiWH)«.16H«0  « 
4(NH*)'O.SiO'.12WO'.16aq.,  is  produced  by  saturating  the  acid  with  ammonia,  or  by 
prolonged  boiling  of  a  solution  of  silioodecitungstate  of  ammonium,  and  remains,  on 
leaving  the  solution  to  evaporate,  in  opaque  white  nodules.  Hij  boiling  with  hvdro- 
chloric  acid,  it  is  converted  into  the  Utrammonic  $aft,  (NH*)*H«SiWW0«.6H«0.  "Both 
these  salts,  when  heated  with  ammonia,  yield  sparingly  soluble  acid  tungctate  of 
ammonium,  which  separates,  and  silicodecitungstate  of  ammonium,  which  crystallise 
on  evaporation. 

BariuM'Salts. — On  mixing  a  solution  of  silieotungstic  acid  with  carbonate  of 
barium  till  a  permanent  precipitate  of  neutral  salt  is  produced,  the  clear  liquid  yields, 

on  evaporation,  monoclinic  prisms  of  the  dibaryiic  salt,  &*H*SiW0^.14H*0,  whieh, 
by  prolonged    contact   with  the  mother-liquor,  are  converted  into  a  more   highly 

hydrated  efflorescent  salt,  conUining  da«H<SiW'»0«  14HK).  On  adding  chloride  of 
bar!um  to  an    excess  of  a  hot  solution  of  sodium-silicotnngstate,  a  doabls  nlf, 

Ba*ya*SiW'K)*'.28HK),  smrates,  on  cooling,  in  crystals  apparently  baring  the  form 
of  rhombic  octahedrons.  They  are  decompc^ed  by  continuea  washing,  leaving  a  pnl- 
rerulent,  nearly  insoluble  tetrabasic  salt  ^ 

Caleium'salts.— The  dicalcie  or  acid  salt,  Ca«H*SiW»«0««.22H«0,  enrftaniset 
from  a  syrupy  solution  in  very  large,  shining,  rfaombohedral  ciTstals,  R  .  or,  penna- 
nent  in  Uie  air.  The  warm  solution  takes  up  carbonate  of  calcium,  but  the  resulting 
neutral  salt  is  not  crystallisable. 

Maffnetium'salit.—The  acid  salt,  Mgnt«SiWi*0«*.16H*0,  forma  tridinic prisms, 
permanent  in  the  air. — The  neutral  salt  is  not  crystallisable. 

The  mereurous  salt,  Hg*SiW**0**,  is  a  heavy  yellow  precipitate,  insohibib  in 
water,  very  slightly  soluble  in  dilute  nitric  acid. 

Potassium'salts.—a.  The  neutral  salt,  K»SiW'»0«14HK),  prepared  by  boiling 
gelatinous  silica  with  Hci<l  potassinm-tungstate,  cr>'8tallisos,  on  cooling  f^rom  the  hot 
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xnoiflt  air.  Sometimes  another  salt,  5Ca0.8HK>.2(12WO'i9iO^ .  47aq^  wm  obtaiasA 
in  small  shining  tridinic  crystals,  less  h3rgrosoopic  Uian  the  former. 

Potastium'SaltM.— The  neutral  Bait,  4KK).12WO*J9iO*.20aqnfinw  anallin- 
deftned  prismatic  crjstals  belonging  to  the  trimetric  system. — ^Tbe  tetrapoUtme  mdi 
salt,  2K<0.2HK).12WO*.SiO« .  7aq..  likewise  crystallises  in  the  trimetric  system,  and  m 
short  hard  prisma.  obP  .  Poo  .  oP,  having  the  angle  ooP  :  ooP  -  101®  (f;  odP. 
Poo  -  131°  0';  Poo  :  Poo  (basal)  -  lld^*  28^;  or  in  friable,  naereooa,  u-sded 
tables,  arranged  in  radiate  groups. 

Sodiu  m-salts.— The  acid  salt,  2Na«0.2H«0.12WO».SiO«  .  lOaq.,  forma  laigs ihom- 
bohedrons,  R  -  ^R,  haying  the  terminal  angle  B:  B  *-  87^  (T.—The  neiUrdstit 
was  not  obtained  m  the  crystalline  form. 

SUieodeeitiinffSfelo  Mid*  H*SiWi«0",  »  4HH).SiOM0W0^,  U  obtained  bjr 
heating  gelatinous  silica  with  acid  tnngstate  of  ammonium,  precipitating  with  mercs- 
rous  nitrate,  or  better  with  silver-nitrate,  in  the  cold,  and  decomposing  tEa  predpitatSb 
after  thorough  washing,  with  hydrochloric  acid,  carefully  avoiding  an  rgesas  On 
evaporating  the  filtered  solution  in  a  vacuum,  at  ordinary  tamMmtiirea,  the  add 
remains  as  a  transparent  yellow  glass,  containing  H*SiW'*0*'.8H'0.  On  eoKpoane  to 
the  air,  it  rapidly  absorbs  water,  splits  into  fragments,  and  finally  deliqoescea.  With 
alcohol  and  ether,  it  behaves  like  silicotungstic  acid.  The  aqueous  solution  may 
sometimes  be  repeatedly  evaporated  without  alteration,  but,  in  most  cases,  it  easQy 
splits  up  into  gelatinous  silica  and  tmigstosilidc  add.  It  does  not  piredpitate  the 
salts  of  calcium,  magnesium,  lead,  or  aluminium ;  with  nitrate  of  silaer,  it  forms  a  heaiy 
yellowish  precipitate,  easily  soluble  in  dilute  nitric  acid ;  with  mereuroua  niirats  a 
white  precipitate,  slightly  soluble  in  nitric  add. 

Most  of  the  silicodedtunfntates  are  difficult  to  obtain  in  the  pure  state,  on  aeoovnt  of 
their  great  solubility.— The  amnumium'Salt  contains  (NH<)«iW>«0« .  8HK).— The 
neutral  potassium'Salt  appears  to  crystallise  with  1 7  at  water ;  the  addsalt,  K^H^iWH)*, 
with  8  at  and  10  at  water;  an  ammonio-potassic salt,  K^NHyHSiW>M5CrK),  was 
likewise  obtained. — The  barium-^alt,  Ba*SiW^*0^,  is  obtained,  d^  adding  the  add  to 
an  excess  of  barium-chloride  solution,  as  a  visdd  insoluble  precipitate,  which,  when 
dried  in  the  air,  contains  22  at  water. — The  silver-salt,  dried  at  100^,  contains 
Ag«iW»»0»«.3HH). 


TUVOSTOSO-TmrCkiTIO  COMPOWBS.  Compounds  intermediate  in 
composition  between  tungstons  and  tungstic  compounds^  e^,,  WCl**  ■-  WC3.*.WCi*  ; 
WO*  =  WO«.WO«. 

TinrcWTOira  COBIVOVWBS.  Compounds  in  which  tungsten  is  qnadri- 
equivalent :  eg.,  WCi*,  W0«,  WS«,  &c 

TUJilcnr.  A  substance  isomeric,  and  perhaps  identical,  with  eellulose, 
(C^**0*),  occurring  in  the  mantle  of  Ascidia,  and  separated  therefrom  (from  the  mantle 
of  Cynthia,  fbr  example)  by  successive  treatment  with  water,  alcc^l,  ether,  adds, 
and  alkalis.  It  then  remains  as  a  colourless  mass,  exhibiting  the  structure  of  the 
original  substance  (Schmidt,  Ann.  Ch.  Pharm.  liv.  818). — ^Berthelot  (Compt 
rend,  xlvii.  227)  boils  the  mantles,  first  with  strong  hydrochloric  add,  then  with 
potash-ley  of  specific  gravity  1*28,  and  washes  the  residue  thoroug^y  with  distilled 
water. 

Tunidn  exhibits  most  of  the  characteristic  properties  of  cellulose,  anditsinsolubitity 
in  various  liquids ;  but  it  is  more  stable,  not  being  altered  by  nitric,  hydiochlorie,  or 
acetic  acid,  or  strong  potash-solution,  even  after  prolonged  boUing;  neither  is  it 
blackened  by  fluoride  of  boron.  In  fuming  nitric  or  sulphuric  add,  it  deliquesces  to 
a  colourless  liquid ;  and  if  the  liquid  obtained  with  sulphuric  acid  be  boiled  for  some 
time  with  water,  the  resulting  solution  will  be  found  to  contain  glucose,  or  a  similar 
sugar. 

TiniBBTB.    Syn.  with  Tubfbth. 

TinftOZTS.  A  name  applied  by  Hermann  to  a  massive  variety  of  brown  hsematite, 
2Fe*0*.H'''0,  occurring  near  the  River  Tur^,in  the  Ural ;  it  appears  to  be  identical  with 
Breithaupt*8  hydrohamatite  from  Siebenhitz,  near  Hof,  in  Bavaria.  (Handw.  d.  Chem. 
viii.  1043.) 

I.    Syn.  with  Tourmaline  (p.  876), 

Curcuma,  Radix  Curcuma.  Terra  merita. — The  root  of  AmO' 
mum  Curcuma,  a  plant  cultivated  in  India  and  Java.  It  contains,  according  to  Pelle- 
tier  and  Vogel,  a  strong-smelling  volatile  oil,  gum,  a  yellow  colouring-matter  (cureu- 
win),  a  brown  colouring-matter,  starch,  cellulose,  and  a  small  quantity  of  caldum- 
chlorido.  It  is  used  for  dyeing  wool  and  silk  ;  but  the  colour,  though  a  fine  yellow, 
is  not  durable.     It  is  also  employed  in  pharmacy  for  colouring  certain  ointments, 
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And  (especially  in  India)  as  an  ingredient  of  enrnr-poirder  and  other  oondimente.-* 
Alcoholic  tincture  of  tunneric,  or  paper  stained  with  the  aqueous  or  alcoholic  solution, 
is  used  as  a  test  for  alkalis,  and  for  boric  acid  (i.  639). 

The  root  of  Canna  speciosa,  a  plant  of  frequent  occurrence  in  West  Africa,  is  said  to 
be  exactly  similar  to  Last  Indian  turmeric-root,  in  taste,  smell,  and  chemicul  reactions 
(Daniell,  Pharm.  J.  Trans,  xiz.  258.) 

TUWauz&'S  B&US.  Ferrous  ferricyanide,  prepared  by  precipitating  a  ferrous 
salt  with  ferrieyanide  of  potassium.     (See  Ctaiodss  of  Iron,  ii.  244.) 

TUXVB&ITB.  A  silicate  of  aluminium,  iron  (ferricum),  calcium,  and  magnesium, 
occurring  at  Mont  Soiel  in  Dauphin^  and  at  Taretsch,  in  yellow  monoclinic  crystals, 
having  an  adamantine  lustre  and  oonchoidal  fracture.  Axes  a  :  6  :  c  *»  1  :  0*921696  : 
0-96844.  Angle  6  :  c  -  102<>  42' ;  ooP  :  +P  -  141<»  28';  +P  :  +Pflo  =  ua®  44'; 
ooP  :  ooPoo  m*  131^  58'.  In  the  mineral  from  Tavetsch,  the  combination  ooP  .  ooP4 
ooP2.  ooPoo.oP.  +P«.  [iPflo].rjP«l  .  [Poo]. P.  2P2  .  +4P.  +^P.  -iP 
was  observed.  In  that  frxMn  Dauphmi,  toe  faces  —Poo  and  [2Pao  ]  likewise  occur. 
(G.  T.  Kath,  Jahresb.  1863,  p.  824.) 

xmunnt'B  TWaUMW  i  also  called  Patent  Yellow.  Oxychloride  of  lead,  Pb^aH)* . 
(iil  546). 

*•  .  See  BBAsnoL  (i.  664). 

L  Tenbentkma,  TSribenthine,  Tfrpeniin, — This  term  is  ap- 
^ied  to  several  oleoresins  exuding  from  coniferous  trees  ;  also  to  the  semifluid  resin  of 
PUlacia  Terebinthus,  a  tree  beloogiuff  to  the  terebenthaceous  order.  To^  obtain  the 
turpentine,  incisions  are  made  in  uie  Dark  of  the  trees,  and  the  resinous  juice,  which 
exudes  chiefly  during  the  summer,  is  collected ;  it  is  then  rendered  more  fluid  by 
warming  with  water,  and  strained  through  straw-filters,  to  free  it  from  needles,  bark, 
and  other  extraneous  substances. 

The  several  varieties  of  commercial  turpentine,  obtained  from  fir-  and  pine-trees,  are 
more  or  less  viscid  solutions  of  resins  in  a  volatile  oil,  the  proportions  of  these  consti- 
tuents varying  according  to  the  source  and  age  of  the  turpentine.  Some  kinds  are 
clear  and  homogeneous ;  others  are  more  or  less  turbid,  holding  in  suspension  granulo- 
crystaUine  masses,  which  gradually  settle  to  the  bottom. 

American  turpentine,  obtained  chiefly  from  Pinus  auetralief  and  German 
turpentine  from  the  Scotch  flr  [Pmue  eylviutrie),  are  yellowish,  viscid,  granular 
liquids,  having  a  strong  aromatic  odour,  and  pungent  bitter  taste ;  they  become  clear 
when  warmed,  are  highly  inflammable,  and  bum  with  a  veiy  smoky  flame.  These 
turpentines  consist  of  volatile  oil  and  colophony  (i.  1087) ;  and  on  boiling  them  with 
water,  the  volatile  oil  goes  off  with  the  steam,  while  tne  resin  remains,  intimately 
mixed  with  small  quantities  of  oil  and  water,  forming  a  dingy  yellow  turbid  mass, 
called  "  boiled  turpentine,"  which  is  brittle  when  cold,  but  becomes  soft  and  plastic 
when  heated.  At  a  stronger  heat,  the  water  and  the  remaining  portion  of  volatile  oil 
are  given  off,  and  the  colophony  remains  as  a  transparent  resin,  more  or  less  coloured, 
according  to  the  degree  of  heat  to  which  it  has  been  exposed.  Colophony  was  formerly 
said  to  be  a  mixture  of  two  isomeric  acid  resins,  pinic  and  sylvic  acids  (iv.  649,  650 ; 
V.  .648);  but  the  recent  investigstions  of  Maly  (Ann.  Cb.  Pharm.  cxxxii.  249; 
Jahresb.  1864,  p.  408),  have  shown  that  it  consists  mainly  of  abiotic  anhydride, 
C'*H*'0\  which,  when  treated  with  aqueous  alcohol,  takes  up  water,  and  is  converted 
into  abiotic  acid,  C"H«*0».» 

French  turpentine  (from  Pinus  9iian7t9?ta)  resembles  American  turpentine  in 
appearance,  odour,  and  taste.  It  hardens  with  calcined  magnesia  more  readily  than 
any  other  kind  of  turpentine. 

Strasburg  turpentine  is  a  clear  non-granular  liquid,  obtained  from  [the  silver 
fir  {Afnes pect'mata)^  and  from  the  n>ruce-fir  (Abies  excelsd).  The  turpentine  from  the 
former  of  these  trees  is  mobile,  yeDow,  has  a  pleasant  odour  of  lemon,  and  a  sharp 
bitter  taste.  That  from  the  spruce-fir  is  dark-yellow,  has  a  strong  balsamic  odour,  and 
sweetish  aromatic  taste.  The  resinous  portion  of  both  these  turpentines  contains 
abietic  acid,  together  with  two  indifferent  resins,  one  (abietin)  soluble  in  absolute 
alcohol,  the  other  insoluble.  The  water  with  which  these  turpentines  are  distilled  to 
get  off  the  volatile  oil,  is  said  to  contain  succinic  acid. 

Venice  turpentine — Terebenthina  venetia^  s.  laricina,  from  the  larch  (Larix 
europtea) — is  said  to  be  contained  in  peculiar  sacs  in  the  upper  part  of  the  stem,  and 
to  be  obtained  by  puncturing  them.  It  is  a  ropy  liquid,  colourless,  or  brownish  in- 
clining to  green,  having  a  somewhat  unpleasant  odour,  and  bitter  taste.   According  to 

•  The  formula  f  iTen  for  abietic  acid  at  p.  1  vol.  1.  iMloon  properW  to  lyWfc  Rcid,  which  it  produced 
from  abietic  acid  bv  the  acUou  of  dilute  sulphuric  acid.  The  acid  formerly  designated  at  lylvic  Mid 
Is  regarded  by  Maiy  as  impure  hydrated  abietic  acid,  and  the  so-called  plQ>c  acid  as  abieiic  auhy- 
drlde. 
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Unyerdor  ben  (Pogg.  Ann.  zi.  27),  itcontains,  in  tbe  tteth  itete,  tiro  ails  ef  diflcMit 
dagreet  of  Tolatility,  the  less  ToUtLle  being  easilj  redniBed ;  alaotwo  acid  renns,  aan- 
tral  resin,  and  succinic  acid. 

Hungarian  turpentine,  which  flows  from  incisions  in  the  bmidiea  of  Pbnu 
Pumilio,  is  a  clear,  yellowish,  mobile  liquid,  baring  an  aromatic  taste  and  odov.— 
Carpathian  turpentine,  from  Pintu  Cembra,  resembles  the  last,  but  has  m  bitlsr 
taste. — Canadian  turpentine,  or  Canada  balsam,  from  Abieg  fta/ssMSi,  has 
been  already  described  under  Balsams  (i.  492). 

Cyprian,  Syrian,  or  Chio  turpentine,  obtained  in  Chio  from  PUtaeia  Urt' 
hinthus,  and  in  Syria  from  P.  ffera,  is  either  dear  and  colovrieae,  or,  perluipe  from 
age,  or  from  want  of  care  in  collecting  it,  yiscid,  turbid,  and  yellowisb-greeB ;  it  hss 
an  odour  of  fennel  and  elemi,  and  an  aromatic  taste  like  that  of  mastie.  It  diasolTcs 
completely  in  ether,  and  partially  in  alcohol,  learing  a  glutinous  residiie. 

Ordinary  turpentine  and  Venice  turpentine  are  used  in  medicine,  both  eztcrnally 
as  ingredients  of  salres  and  plasters,  and  internally  in  the  form  of  eleetQaries  or 
pills ;  for  the  last-mentioned  purpose,  the  turpentine  is  thickened  by  addition  of  msg- 
nesia ;  boiled  turpentine  ^p.  920)  is  also  made  into  pills.  Many  kinds  of  tofpen- 
tine  ure  also  used  for  Tarnishes  or  similar  purposes. 

TinUPBWTnrB,  BOZ&BB.     See  p.  919. 

TinUPBX  TM  H  OAIIVBOS.  A  term  applied  somedmee  to  the  solid  mono- 
hydrochlorate,  sometimes  to  the  solid  hydrates  of  turpentine-oil  (p.  928). 

VUM9MMTXHM  ClAliXi^W  U'W«  Galia  piataeina.  Carobe  tUJuda;  fbnnerly 
designated  as  FollieuU  pistacina.  Pea-shaped  or  homy  excreecences,  ooeoiring 
in  August  on  the  branches  of  the  turpentine-chestnut  (Pistacia  T^nrHntkus),  and 
formed  by  the  puncture  of  an  insect  {C^phis  Pistacia).  They  are  reddish-btom, 
harinff  an  aromatic  turpentine-like  odour,  and  similar  taste.  They  contain  resin, 
Tolatile  oil,  tannin,  and  gallic  acid.  The  ash  contains  a  potassium-salt,  silica,  and 
lime.  (Martins,  Ann.  Ch.  Pharm.  xzi.  179. — Guibonrt,  Fharm.  Centr.  1844, 
p.  409.) 

TiraiPBVTZWBv  OZZi  OV.  C**H*'. — A  volatile  oil  contained  in  the  wood,  bark, 
leaves,  and  other  parts  of  pines,  firs,  and  other  trees  belonging  to  the  coniferous  order, 
and  separable  therefrom  by  distillation  with  water.  It  is  usually  prepar«^  by  dis- 
tilling crude  turpentine  (p.  919),  either  alone  or  with  water.  It  was  fonnerij supposed 
that  all  the  volatile  oils  thus  obtained,  and  having  a  composition  represented  by  the 
formula  C"H'*,  were  identical  in  physical  and  chemical  properties ;  but  recent  inves- 
tigations, especially  those  of  Bert  he  lot,*  have  shown  that  the  turpentinennls  ob- 
tained from  different  sources  exhibit  considerable  diversities  in  their  physical  and  more 
especiaUy  in  their  optical  properties ;  further,  that  most  kinds  of  turpentine-oil  are 
mixtures  of  two  or  more  isomeric  or  polymeric  hydrocarbons,  differing  in  {^ysical  and 
sometimes  also  in  chemical  properties.  These  modifications  are  often  pioduced  by 
the  action  of  heat  and  of  chemical  reagents  during  the  purification  of  the  oiL 

The  following  varieties  of  turpentine-oil  are  distinguished: — 

1.  French  turpentine-oil,  obtained  from  the  French  or  Bordeaux  turpentine 
of  Pmu8  maritima. 

2.  English  turpentine-oil,  from  the  turpentine  collected  in  Carolina,  and  other 
southern  states  of  the  American  Union,  from  Pinu3  australis  and  P.  Tmda, 

3.  German  turpentine-oil,  chiefiy  from  the  turpentine  of  Pinus  tytveitrii, 
P,  nigra,  and  P.  rotundata, 

4.  Venetian  turpentine-oil,  from  Venice  turpentine,  the  produce  of  Laris 
europma, 

6.  T|emplin  or  Pine-cone  oil,  obtained  from  the  cones  of  Pinus  PumSio,  and, 
in  some  parts  of  Switzerland,  from  those  of  Abies  pectinata. 

Related  to  the  true  turpentine-oils  are  also  two  volatile  oils,  likewise  obtained  from 
coniferous  plants — viz.,  oilof  juniper  from  t/Mn^periM  common  w,  and  oil  of  savins 
from  Junipcnu  Sabina, 

The  several  varieties  of  turpentine-oil,  when  purified  by  repeated  rectification  with 
water,  are  colourless  mobile  liquids,  having  a  peculiar  aromatic  but  disagreeable 
odour.  They  are  insoluble  in  water,  slightly  soluble  in  aqueous  alcohol,  miscible  in 
all  proportions  with  absolute  alcohol,  ether,  and  carbonic  disulphide.  Tliey  dissolve 
iodine,  sulphur,  phosphorus,  and  manv  oiganic  substances  wnich  are  insoluble  in 
water,  such  as  fixed  oils  and  resins,  ana  are  therefore  used  for  making  varnishes. 

The  diversities  of  character  exhibited  by  turpentine-oils  of  different  origin,  relate 

*  Ann.  Ch.  Phnm.  Ixxxili.  105;  Ixxxflil.  345;  ex.  3C7 :  Suppl.  II.  SSC:  farther,  Traitf  de  Ck/mit 
organfque,  ii.  6*12,  716— 75 1.  For  referencei  to  earlier  reseAtchps  on  turprutine-otl,  tee  Gmrlin't  Hand. 
Look,  XIV. 
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chieflj  to  the  ipeeiile  gr»?itj,  boiliog-point,  and  optical  xotatorj  power.  It  miut  be 
remembered,  howeTer,  that  the  Bubttanoes  deaignated  aa  turpentine-oila  are  often 
mixtures  of  several  substances,  so  that  these  properties  may  Taiy  even  in  turpentine- 
oils  of  the  same  origin,  according  to  the  modes  of  preparation  and  purification 
adopted. 

Tne  specific  grarity  of  tiirpentineH>iU  usually  faries  from  0*86  to  0*88.     Their 
boiling-points  are  always  near  160^.    The  rotatory  power  Taries  considerably:  €.y.— 


For  English  turpentine-oil . 

• 

"o* 

-      +18-6<> 

„    fVench             „          • 

• 

a 

-     -  86-40 

„    Venetian          „ 

• 

'a 

-     -  5-2? 

„    Templin-oil 

• 

f    1 

a 

-     -76-90 

The  rotatory  power  of  turpentine-oil  is  independent  of  that  of  the  turpentine  fW>m 
which  it  is  prepared.  Thus,  for  example,  English  turpentine-oil  is  dextrorotatoiy, 
whereas  the  turpenUne  from  which  it  is  preniWMl  is  Isevorotatozy.  Venice  turpentine 
turns  the  plane  of  polarisation  to  the  right,  wnereas  the  TolatUe  oil  distillod  therefrom 
turns  it  to  the  left,  &c 

The  principal  constituents  of  French  and  English  turpentine-oils  haye  been  more 
particularly  examined  by  Berthelot  {loe,  cii.). 

French  turpentine-oil  consists  mainly  of  a  hydrocarbon,  C**H'*,  called  by  Berthelot 
terebeuthene.  This  substance  cannot,  however,  be  readily  obtained  from  the  com- 
mercial oil,  in  which  it  is  contaminated  with  numerous  products  of  transformation ;  but 
it  may  be  prepared  in  a  state  of  purity,  by  neutralising  French  turpentine  with  an 
alkaline  carbonate,  and  distilling  it,  first  over  the  water-bath,  and  then  in  a  vacuum. 
By  this  treatment,  all  transformation  of  the  product  by  heat,  or  by  reagents,  is 
avoided,  and  a  hydrocarbon  is  obtained  of  constant  physical  character.  Terebeuthene 
thus  prepared  is  a  liquid  of  specific  gravity  0-864,  boiling  at  161®,  and  having  a 
specific  rotatory  power  »   —  42 '3®. 

Australene,  or  Austraterebenthene,  the  chief  constituent  of  Enelish  turpen- 
tine-oils, prepared  in  like  manner  frx>m  the  turpentine  of  Pinut  austrtUis,  is  also  a 
liquid,  having  the  same  specific  gravity  and  boiling-point  as  terebeuthene,  but  a  specific 
rotatory  power  —    +   21-6°. 

French  turpentine-oil  likewise  contains  an  isomeric  hydrocarbon,  terepentilene, 
boiling  below  180^,  and  another  called  parterebenthene,  polymoric  with  terebeu- 
thene, which  boils  at  about  260®.  English  turpentine-oil  contains,  besides  australene, 
an  isomeric  body  called  austrilene.    (Berthelot.) 

DeoomjxmHons, — 1.  Turpentine-oil  absorbs  the  oxygen  of  the  air,  becoming  thicker, 
and  ultimately  resinous ;  at  the  same  time,  carbonic,  acetic,  and  fbrmic  acids  are  pro- 
duced. In  this  gradual  oxidation,  as  in  all  slow  combustions,  part  of  the  atmospheric 
oxygen  is  conveiSed  into  ozone :  hence  turpentine-oil,  after  prolonged  exposure  to  Uie 
air,  always  contains  oxygen  and  oaone  in  solution,  together  with  a  continually  increas- 
ing quantity  of  an  oxygenated  compound.  When  turpentine-oil  containing  water  is 
exposed  for  some  time  to  the  sun*s  rays,  in  a  large  flask  filled  with  oxygen,  which  is 
renewed  from  time  to  time,  a  hydrated  oxide  of  turpentine-oil,  C'*H>*O.H'0,  is 
deposited  on  the  sides  of  the  vessel,  in  stellate  groups  of  long  needles,  soluble  in  hot 
water,  also  in  alcohol  imd  in  ether.    (Sobrero,  Ann.  Ch.  Pharm.  Ixxx.  106.) 

2.  Chlorine  is  absorbed  by  turpentine-oil,  with  evolution  of  heat,  sometimes  sufii- 
cient  to  produce  inflammation.  When  paper  soaked  in  rectifled  turpentine-oil  is 
introduced  into  a  vessel  filled  with  chlorme,  the  turpentine  takes  fire,  and  a  quantity 
of  black  smoke  is  produced,  together  with  white  fiimes  of  hydrochloric  acid. — Bromin$ 
acts  m  a  similar  manner. — Iodine  is  dissolved  by  turpentine-oil,  forming  at  first  a  green 
solution,  which  afterwards  becomes  hot,  and  gives  off  hydriodie  acid.  When  a  con- 
siderable quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine-oil,  explo- 
sion frequently  ensues.  Tu^pentine-oil  distilled  with  chloride  of  lime  and  water,  yields 
chloroform. 

3.  Turpentine-oil  is  rapidly  attacked  by  nitric  acid,  the  concentrated  acid  often 
setting  it  on  fire.  On  evi^rating  the  solution  to  dryness,  and  then  distilling,  the 
distilUte  contains  nitrobenzene  (Schiff,  Ann.  Ch.  Pharm.  cxi v.  201).  If  the  nitric 
acid  solution  be  precipitated  with  water,  and  the  separated  resin  distilled  with  potash, 
toluidine  passes  over,  together  with  other  products  (Chautard,  ibid,  Ixxxviii.  840). 
In  both  these  reactions,  therefore,  products  are  formed  belonging  to  the  class  of  aro- 
matic compounds.  When  turpentine-oil  is  boiled  for  some  time  with  moderately  strung 
nitric  acid,  numerous  products  of  decomposition  are  obtained,  the  formation  of  whicli 
has  not  yet  been  explained :  nitrogen,  carbonic  oxide,  carbonic  dioxide,  and  hydro- 
cyanic acid  are  evohred  as  gases ;  formic,  acetic,  propionic,  and  butyric  acids  distil 
over ;  and  the  residue  contains  oxalic  acid,  terebic  acid  (p.  723),  camphretic  acid, 
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imder  Praociimaamc  Acn^ir.  7^  twepfatkalie  acid,  (p.  TtS^tcn- 
bennc  aeid  (p.  723),  and  Venthrjtit  mad  (p.  726)u 

6.  Turpentine-oil  hesUd  with  Uikarge  take*  vp  a  bige  qaanti^  of  uajpgcu,  yieldiBg 
iofrmaXe  iiA  terebentate  of  lead.  On  wmshing  the  pndpitate  with  alnnlir>l,  iwypimding 
it  in  water,  decompocdng  it  with  aolphjdric  add,  exhaiistmg  the  Kpmanring  nfid 
nibatanoe  with  alcohol,  and  tearing  the  akoholie  aohtfioD  to  ciapuftf',  white  OTitali 
are  obtained,  conaiating  of  torebentie  acid,  OH'H>*.  (Weppea,  Abb.  Ck.  Phatm. 
c  253.)  ^^ 

6.  Ilie  action  of  other  adda,  aalta,  &e.,  whidi  eombine  dureetlf  with  tuipftiiir  oil, 
or  merelj  eonrert  it  into  iaomerie  or  poljmerie  modtfieatiooa,  will  ba  eooaidcnd 
further  on. 


Compaundsqf  Turpemtme-cil^wUk  Byd^rwMcrie,  ^fdrvbrmme^  mad ^fdHoiie  AbUm. 

Xjdroetaloimtes. — ^The  terebenthenea,  snbjeeted  to  the  aetkm  of  hjiliocMttie 
acid  gaa,  yield  a  miztore  of  crjstalliaaUe  and  liquid  monohydroohlorateayCV* 
HCL  When  thej  are  left  for  aome  time  in  oootaet  with  foung  fajdrodilone  acid,  or 
when  their  ethereal  or  alcoholic  aofaitioQ  ia  ■atniated  with  hjdrodilorie  add,  wiler 
then  added,  and  the  liquid  left  ezpoaed  to  the  ahr,  a  crfrtalliaahle  dih  jdrochlo- 
rate,  C**H".2HC1^  ia  prodneed;  aometimea,  alao,  unstable  eompounda  of  Mfenl 
hjdroehkifatea  are  obtained.  The  dihjdrochloratee  are  likewiae  prodoead  hjr  the 
action  of  hydrochloric  add  upon  the  hjdratea  of  tuzpentine-oil,  and  bj  that  of  the 
chlorides  of  phosphorus  on  terpin-hydrate  and  terpin  (p.  923). 

The  monooydrocblorates  are  optically  active,  producing  rotation  to  the  zuht  or  left, 
according  to  the  nature  of  the  terebenthene  from  which  they  have  been  fcnmed:  thui  for 
the  solid  moDohydrochlorate  of  terebenthene,  [a]  wm  ^32*2^;  £or  that  of  austnlene, 
[a]   ■-    +  11*7. — The  dibydrochlorate  is  optically  inactive. 

The  several  varieties  of  turpentine-oil,  inasmuch  as  they  consist  easentiallT  of  tere- 
benthenea, likewise  react  with  hydrochloric  acid  in  the  manner  just  described ;  indeed, 
most  of  the  pnblisbed  statements  respecting  the  hydrochlorates  of  turpentine-<Hl  re- 
late to  products  which  have  been  prepared  from  turpentine-oils  of  unknown  origin. 

Solid  Monohydrochlorate,  C'*H**.HCL — This  compound,  alao  called  artifi- 
cial camphor,  was  discovered  by  Klein,  in  1803.  It  is  prepared  bj  saturating 
rectified  turpentine-oil  with  hydrodiloric  add,  keeping  the  liquia  cool,  pressing  the 
crystals  which  separate  after  some  hours,  and  recrystallising  them  £com  hot  aloofaol, 
or  precipitating  the  alcoholic  solution  with  water.  It  forms  white  OTStals  or  crystal- 
line flocKS ;  by  slow  sublimation,  it  may  be  obtained  in  tufts  of  needlea  or  sHning 
laminae.  It  resembles  common  camphor  in  appearance  and  in  odour,  and  sublimes 
easily  at  ordinary  temperatures.  It  melts  at  115°,  and  boils,  with  partial  decomposi- 
tion, at  16*5°.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  ^eqwdally  at  the 
boiling  beat),  and  in  oil  of  turpentine.  At  ordinary  temperatures,  it  is  very  stable,  not 
griving  up  its  chlorine  even  to  silver-salts ;  but  when  heated,  it  is  decomposed  by 
water  and  alcohol  fat  160^),  though  not  completely.  The  hydrochlorate  is  likewise 
decomposed  when  nested  with  salts,  the  decomposition  sometimes  requiring  rather  a 
high  temperature.  The  product  is  always  a  hydrocarbon  of  the  formula  C'*H"— vii^ 
camphene,  inactive  campnene,  or  camphilene  (pp.  924,  925). 

Liquid  Monohydrochloratej  C'*H'*.HCl(8ometime8  called  hydrochlorate  of  tere- 
bene). — Produced,  together  with  the  solid  monohydrochlorate,  by  the  action  of  hydro- 
chloric acid  gas  on  turpentine-oil,  the  proportion  of  the  liquid  hydrochlorate  being 
greater  as  the  temperature  at  which  the  reaction  takes  place  is  higher.  To  purity  it,  the 
Squid  decanted  from  the  solid  hydrochlorate  is  cooled  to  — 10°,  in  order  to  remove  the 
portion  of  solid  hydrochlorate  still  remaining  in  solution,  then  warmed  for  some  time 
in  the  water-bath,  treated  with  chalk,  dissolved  in  twice  its  volume  of  alcohol,  deeo- 
loris<Ki  with  animal  charcoal,  precipitated  with  water,  and  dried  over  chloride  of 
calcium.  It  is  a  colourless,  optically  active  oil,  of  specific  gravity  1*017.  It  is  de- 
cora poeed  by  heatiug  with  salts,  or  with  bases,  but  the  hydrocarbon  (camphilene,  p. 
925),  which  is  the  direct  product  of  the  decomposition,  has  not  been  further  exa- 
mined.    By  distillation  over  quicklime,  it  yields  the  so-csJled  terpilene(p.  925). 

/>tAyrfrocA/ora<«,C'*H".2HCl. — ^Produced  when  turpentine-oil  is  left  for  some  time 
in  contact  with  very  strong  hydrochloric  acid  (Bert helot);  when  terpin,  terpin-hydrate, 
or  terpinol  is  saturated  with  hydrochloric  acid  gas,  or  treated  with  the  ftiming  add 
(Devil le,  Ann.  Ch.  Pharm.  bud.  351. — List,  ihid.  Ixzvii.  369)  ;  also  when  terpin  or 
terpin-hydrate  is  acted  upon  by  a  chloride  of  phosphorus  (Oppenheim,  ibid,  cxxix. 
149).  When  a  solution  of  turpentine-oil  in  alcohol,  ether,  or  acetic  acid  is  saturated 
with  hydrochloric  acid,  easily  dccomposible  compounds  of  the  dichlorhydrate  with  the 
solid  or  liquid  monohydrochlorate  are  produced ;  and  on  adding  water,  and  leaving  the 
liquid  for  some  time  in  contact  with  the  air,  crystals  of  the  dibydrochlorate  are  obtained. 
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The  dibydrocBlbnto  forms  ibombic  tables^  instable  in  water,  easilj  lolnble  in 
boiling  aleohot  It  is  slowly  decomposed  by  boiling  witli  water  or  alcohol,  quickly  by 
boiling  with  alcoholic  potash-solntion,  jdelding  terpmol. 

Xjdro1>roiii«tes« — Hydrobromic  acid  acts  on  tnrpentine-oil  in  the  same  manner  as 
hydzt>chloric  acid,  forming  a  crystallisable  and  a  liquid  monohydrobromate,  C'*H'*.HBr. 

A  crystallisable  dihy(&obromate,  C**H'*.2HBr,  melting  at  42^,  is  produced  by  the 
action  of  phoc^horic  pentabromide  on  turpentine-oiL  When  hydrobromic  acid  gas  is 
passed  into  a  solution  of  turpentine-oil  in  acetic  acid,  a  liquid  compound  of  the  two 
tiydrobromates,  C>*H**.HBr  +  G'*H'*.2HBr,  is  formed;  when  ezp(»ed  to  the  air, 
it  yidds  crystals  of  the  dihydzobromate.  (Oppenheim,  Ann.  Ch.  Pharm.  cxxiz.  149.) 

Sjrdiiodatea. — Gaseous  hTdriodic  acid  does  not  appear  to  form  a  solid  compound 
with  turpentine-oil.  The  product,  which  is  liquid  ana  easily  deoomposible,  appears  to 
be  a  mixture  of  two  hydriodates,  one  corresponding  with  the  solid,  tne  other  with  the 
liquid  monohydrochlonta. 

Terpin,  treated  with  iodide  of  |>lKM^Qms  (FI*  or  PI*^,  yields  the  easily  decomposi- 
ble  dihydriodate,  C'*H**.2HI,  which  crystalliseB  ftom  etnereal  solution,  m  colourless 
hexagonal  tables  melting  at  48^.    (Oppenheim.) 

Hydrates  of  TurpentinC'Cil, 

The  terebenthenes  unite  with  water  in  seyeral  proportions,  yielding  the  following 
compounds : 

2C»»H".H«0. 
T«rpiooU 


C>^».8HH> 

C»«H««.2HK) 

C»»H>«.HH) 

Terpln.br- 

Terpio. 

TerpentlD- 

drato. 

hydnte. 

Terpin -hydrate,  C>*H*'.2H*0.  aq.  (also  called  Turjpentine-eamfhor  and  Hydrate 
of  T\irpentine-oU),  is  frequently  deposited  in  crystals  from  turpentme-oil  containing 
water ;  its  production  is  favoured  by  the  presence  of  an  acid.  To  prepare  it,  8  toIs.  tur- 
pentine-oil  are  mixed  with  2  vols,  nitric  acid  and  1  to  6  vols,  alcohol ;  and  the  mixture 
IS  frequently  shaken  during  the  first  few  days,  then  left  to  itself  in  shallow  yessels  for 
several  weeks.  Brown  crystals  are  thereby  formed,  which  must  be  pressed,  and  then 
recrystallised  from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin-hydrate  usually  ciystallises  in  large  rhombic  prisms ;  it  dissolves  sparingly 
in  cold,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether.  At  100''  it  melts, 
gives  off  its  water  of  crystallisation,  and  is  converted  into  terpin.  The  same  change 
takes  place  on  exposing  the  crystals  to  air  dried  over  oil  of  vitriol 

Terpin,  Ci*H**.2H*0,  melts  at  108^  and  soLdifies  in  the  crystalline  state  on  cool- 
ing. It  sublimes  at  about  160^,  in  slender  needles.  It  is  dissolved  with  red  colour  by 
strong  sulphuric  acid,  and  converted  into  turpentine-oiL  The  same  change  takes  piece 
on  boiling  the  terpin  with  dilute  acids,  heating  it  to  100®  with  cUoride  of  zinc,  or  to 
160^ — 180^  with  chloride  of  calcium,  strontium,  or  ammonium,  Terpin,  or  terpin- 
hydrate,  subjected  to  the  action  of  gaseous  or  aqueous  hydrochloric  acid,  or  of  either 
of  the  chlorides  of  phosphorus,  is  converted  into  the  cr^'stallised  dihydrochlorate,  C^'H'*. 
2HC1.  Terpin,  distilled  with  phosphoric  anhydride,  yields  terebene  and  oolophene 
(p.  924).  When  vapour  of  terpm  is  passed  over  soda-lime,  heated  to  400^,  terebentilic 
acid  (p.  723)  is  produced.  Heated  with  acetic  or  butyric  acid,  or  with  benzoic  chloride, 
it  yields  terebene  and  pol^erebenes  (p.  924).  When  heated  with  acetic  anhydride  to 
140°,  for  not  too  long  a  time,  it  yields  a  compound  containing  C'*H'*.C^*0'.H'0,  re- 

(C"H")") 
garded  by  Oppenheim  as  an  acetic  ether,     CH'O  \0\    This  compound  boils  at  140° 

H     j 
— 150°,  under  a  pressure  of  2  centimetres  of  mercury. 

Terpinol,  2C»»H'«.H«0.  (Wiggers,  Ann.  Ch.  Pharm.  Ivii.  247.— List,  ibid. 
Ixvii.  367. — Oppenheim,  cxxix.  155.)-— Produced  when  terpin  is  boiled  or  distilled 
with  dilute  hydrochloric  or  sulphuric  acid ;  also  when  the  dihydrochlorate  of  tereben- 
thene  is  boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colourless,  strongly 
refracting  oil,  having  a  pleasant  odour  of  hyacinths,  slightly  soluble  in  water,  and 
optically  inactive.  Specific  gravity  »  0*852.  It  boils  at  about  168°,  but  suffers 
partial  decomposition  at  the  same  time,  and  in  such  a  manner,  that  the  first  portions 
of  the  distillate  contain  less  oxygen  than  the  later  portions.  It  forms  with  hydro- 
chloric acid  the  crystallisable  dihydrochlorate,  C'*H**.2HC1,  and  may  be  reconverted 
into  terpin  by  assumption  of  water. 

Terpentin-hydrate,  C'*H"JEIK).  Liquid  Turpentine-camphor. — This  compound 
is  sometimes  obtained  in  the  preparation  of  terpin,  either  together  with  th<-  latter,  or 
forming  the  only  product.    It  is  a  liquid  insoluble  in  water ;  boils,  a|)2>arcntly  without 


924  TURPENTINEOIL. 


Molecular  Transformation 9  of  Turpentine»oil, 

I.  By  heat. — Terebenthene  (p.  922)  when  carefully  prepared,  may  be  distilled,  and 
even  heated  considerably  above  its  boUjng-point,  without  alteration;  bat  towards  26Q9, 
it  begins  to  undergo  a  change,  the  boiling-point  rising,  the  rotatory  power  diminishing, 
and  the  product  becoming  more  easily  oxidisable  in  contact  with  tae  air;  this  alter- 
ation goes  on  the  more  rapidly  as  the  temperature  is  higher.  The  product  consists  of 
one  isomeric  and  several  polymeric  modifications  of  terebenthene. 

The  isomeric  modification,  called  terepyrolene,  resembles  austrapyrolene,  but 
has  not  been  particularly  examined.  The  chief  product  is  the  polymeric  modificatioii 
metaterebenthene,  C'^H".  It  is  a  yellowish  viscid  liquid,  boiling  at  about  360^, 
and  of  specific  gravity  0*913.  It  forms,  with  hydrochloric  acid,  the  liquid  compound 
C"H".HCL 

Australene  (p.  921),  heated  for  several  hours  to  250^,  is  converted  into  the  isomeric 
body,  austrapyrolene,  boiling  at  177°,  and  having  a  specific  gravity  of  0*847,  and 
specific  rotatory  power  »  — 11^.  It  smells  like  lemon -oil,  is  more  readily  oxidisable 
than  australene,  and  forms  a  solid  hvdrochlorate,  2C'*H'*.3HC1,  which  has  a  spedfie 
rotatory  power  of  —14*6'-'.  By  continued  heating,  the  polymeric  body,  metaustra- 
terebenthene,  is  produced,  very  much  like  metaterebenthene,  having  a  specific  gravity 
of  0*91,  and  boiling  at  about  360® ;  its  specific  rotatory  power  is  smaller  than  that  ol 
australene,  and  of  opposite  sign. 

II.  By  reagents. — Many  substances  possess  the  power  of  converting  terebenthene 
into  isomeric  or  polymeric  modifications.  Some  act  even  at  ordinary  temperatures, 
others  only  with  the  aid  of  heat.  Manv  produce  the  transformation  in  a  veiy  sboit 
time ;  others  act  slowly,  and  never  produce  complete  transformation.  In  some  cases 
very  small  quantities  of  the  reagent  are  sufficient  to  produce  complete  transformation, 
but  frequently  large  quantities  are  required.  The  most  energetic  reagent  is  fluoride 
of  boron,  1  pt.  of  this  substance  instantly  converts  160  pts.  terebenthene,  wiUi  great 
rise  of  temperature,  into  polymeric  optically  inactive  modifications,  boiling  above 300®. 
— Sulphuric  acid  likewise  acts  in  the  cold,  but  less  eneigetically ;  1  pL  of  this  acid 
converts  4  pts.  terebenthene  into  an  isomeric  and  a  polymeric  modiiieatioiiw — Weak 
mineral  acids  (like  boric  acid),  and  several  organic  acids  (e.g.,  aeetk,  oxaUe,  tartaric, 
and  citric  acids),  act  upon  terebenthene  at  100®;  but  the  action  is  very  slow,  and  not 
complete,  even  after  60  or  60  hours. — Chloride  of  zinc,  at  100®,  acts  in  a  similar 
manner. — Fluoride  and  chloride  of  calcium,  and  even  the  chlorides  of  the  Mali-metaU, 
act  in  like  manner,  but  very  feebly ;  the  transformation  takes  place,  however,  more 
quickly  in  presence  of  these  substances  than  under  the  influence  of  heat  alone. 

The  products  of  these  transformations  are  the  same  in  all  cases,  vis. : 

a.  T ereb  en  e,  an  isomeric  modification. — This  substance  is  best  prepared  by  the 
action  of  strong  sulphuric  acid  on  terebenthene  or  australene,  and  may  therefore  iJso 
be  obtained  from  turpentine-oil.  The  process  consists  in  mixing  the  turpentine-oil 
withy^th  of  its  weight  of  strong  sulphuric  acid,  leavins  the  liquid  to  stand  tor  twenty- 
four  hours,  then  decanting  it  from  the  sediment,  and  distilling;  repeating  the  process 
till  the  product  no  longer  acts  on  polarised  light ;  then  washing  with  water  and  carbon- 
ate of  sodium,  drying  over  chloride  of  calcium,  and  rectifying. 

Terebene  is  a  liquid  having  the  odour  of  thyme-oil,  a  specific  mvity  of  0*864, 
bviling  at  156®,  optically  inactive.  With  hydrochloric  acid,  it  forms  aUquid  compound, 
2C-'H'*.HC1,  ana  similar  compounds  with  hydrobromic  and  hydriodic  acids. 

/9.  A  li(}uid  optically  inactive  hydrocarbon,  boiling  at  250®,  and  probably  consisting 
of  sesquiterebene,  C'*H**. 

7.  Diterebene,  Metat  erebene,  or  Colophene,  G*H*. — Produced,  together 
with  terebene,  in  the  process  above  described.  It  is  an  oil,  having  an  aromatic  odour, 
a  blue  iridescence,  optically  inactive,  of  specific  gravity  0*94,  boiling  at  SiO® — 315^. 
It  absorbs  hydrochloric  acid  gas,  but  does  not  appear  to  form  a  definite  oompoand  with 
it.  Chlorine  converts  it  into  a  resinous  mass,  f^m  which  alcohol  extzacts  a  compound 
aystallising  in  yellow  needles,  and  probably  consisting  of  a  subetitutioo-prod«ct, 
C*H»C1*.    (See  i.  1086.) 

3.  Various  polyterebenes,  (C**H*')*.— Optically  inactive  liouids,  of  oontinuaify 
increasing  viscidity,  and  boiling  at  temperatures  between  360®  and  a  low  red  heaL 

III.  By  combination  with  hydrochloric  acid  or  water,  and  decomposition  of 
these  compounds. 

The  solid  monohydrochlorates  of  turpentine-oil,  subjected  to  the  actioii  of  voywcak 


TURPENTINE-VARNISHES— TUEPETH  BOOT.       925 

reagents,  yield  hydroearbons,  C'*H'*,  deaignated  by  Berthelot  as  camphenes.*    The 
three  following  are  known : — 

1.  Terecamphene. — Produced  by  heating  the  solid  hydrochlorate,  prepared  from 
French  torpentine-oil,  to  200^—220^,  for  a  considerable  time,  with  stearate  of  potassium 
or  dry  soap.  The  prodnct^  purified  by  recrystaUisatioo  from  alcohol,  is  solid  and 
crystallisable,  with  the  aspect  of  camphor.  It  melts  at  45^,  and  boils  at  about  160°. 
Specific  rotatory  power  [«1  —  —66®.  It  forms  only  one  compound  with  hydro- 
chloric acid,  namely,  a  solia  monohydrochlorate,  C'H'^JBLCl,  whose  specific  rotatory 
power  is  -t-  32 ;  that  is  to  say,  equal  and  opposite  to  that  of  t^  solid  monohydroehlo- 
rate  of  terebenthene. 

2.  Austracamphene. — Obtained  from  English  turpentine-oil  in  the  same  way  as 
terecamphene  is  obtained  from  the  French  oiL  It  resembles  terecamphene  in  all  its 
properties,  excepting  in  its  optical  rotatory  power,  which  is  [a]  »  •»-  22^.  It  forms  a 
solid  monohydrochlorate,  having  a  si>ecific  rotatory  power  of  —5°. 

3.  Inactive  Camphene. — This  is  a  solid  hyoroearbon,  produced  by  treating  tur- 
pentine-oil, in  the  manner  above  described,  with  stearate  of  barium,  or  better  with 
benzoate  of  sodium :  it  resembles  terecamphene  in  every  particular,  excepting  in  its 
relation  to  polarised  light.  It  forms  a  solid  monohydrochlorate,  which  is  Hkewise 
inactive. 

Camphilene. — This  name  is  given  by  Berthelot  to  a  hydrocarbon  (not  yet  exa- 
mined), which  is  produced  by  the  action  of  potassium-stearate  or  other  weak  reagents 
on  the  liquid  monohydrate  of  terebenthene. 

The  same  name  (also  Dadyl)  is  applied  to  a  hydrocarbon  (evidently  a  product  of 
the  transformation  of  camphene),  formed  by  distilling  the  solid  monohydrochlorate  of 
turpentine-oil  several  times  over  quicklime,  or  in  the  state  of  vapour  over  lime  heated 
to  190^ — 195°.  It  is  a  limpid  aromatic  liquid,  of  specific  gravity  0'87»  boiling  at  156°, 
and  without  action  on  polansed  lieht.  According  to  Laurent,  it  forms,  with  chlorine, 
the  compound  C'*H**CLHC1,  which,  when  treated  with  alcoholic  potash,  yields  chloro- 
camphilene,  C**H**C1 ;  and  this  again  unites  with  chlorine,  forming  the  compound 
C**H'H^1'.HC1,  &c. :  hence  it  womd  appear  that  camphilene  reacts  with  chlorine  in 
the  same  manner  as  ethylene. 

Terpilene. — An  inactive  hydrocarbon,  produced  by  the  action  of  weak  reagents  on 
the  solid  dihydrochlorate,  C"H»«.2HC1. 

Terebilene  is  a  hydrocarbon  obtained  by  distilling  the  liquid  monohydrochlorate 
of  turpentine-oil  with  quicklime  or  with  potassium ;  also  by  distilling  the  corresponding 
hydriodate  with  potash.  It  smeUs  like  terebene,  and  is  optically  inactive.  Specific 
gravity  »  0*843.  Boiling-point  »  134°. 

Subatitution'produeti  of  Turpentine'Oih. 

Chlorine  forms,  with  turpentine-oil,  a  liquid  having  a  camphorous  odour,  and  turn- 
ing the  plane  of  polarisation  to  the  right,  even  when  it  has  been  prepared  from  Isefvo- 
rotatory  turpentine-oil.  It  appears  to  be  a  mixture  of  tetrachlorinated  turpentine-oil 
and  tetrachloroterebene. 

When  chlorine  is  passed  over  the  solid  monohydrochlorate  of  turpentine-oil,  a  yellow 
liquid  is  formed,  consisting  of  C^'H^Cl^HCl,  and  easily  resolved  into  hydrochloric 
acid  and  tetrachlorinated  turpentine-oil,  C'*H**C1^  The  latter  is  cnrstalline,  melts  at 
110°-<  115°,  and  decomposes  at  a  higher  temperature.    It  is  optically  inactive. 

Terebene  also  forms  substitution-products  with  chlorine,  chiefly  tetrachloroterebene. 

Bromine  acts  on  turpentine-oil  and  terebene  similarly  to  chlorine,  forming  chiefly 
tetrabrominated  products. 

The  products  <^  the  action  of  chlorine  on  camphilene  have  already  been  mentioned. 

VUUWMM  TIM  B-VASWISBaS«    Solutions  of  resins  in  oil  of  turpentine. 

TUBJPBTH  or  TUSBZTB  amfgUA^.  An  old  name  for  basic  mercuric 
sulphate,  HgS0*.2HgO  (p.  605).  Sulphate  of  tetnunercurammonium,  (N*Hg*)SO^ 
2HK),  is  sometimes  <^ed  ammoniacal  turpeihum. 

TWSTB  or  TmtBZTM  SOOT.  The  root  of  Convolvulus  Turpethum,  or  - 
Iponupa  Tutpethumy  a  plant  indigenous  in  India  and  Australia.  It  has  a  disa^eeable 
sweetish  taste,  and  contains,  according  to  Boutron-Charlard(J.Pharm.  viii.  131), 
a  volatile  oil,  fat,  a  yellow  colouring-matter  and  a  drastic  resin.  This  resin  constitutes 
about  4  per  cent,  of  the  root,  and  contains  about  j^h  of  its  weight  of  a  ^  substance 
soluble  in  ether,  the  remaining  ^ths  consisting  of  turpethin.    (Spirgatis.) 

•  The  irrm  •*  camphene  •*  U  commonly  omU  m  a  generic  n*me  for  th«  hjrdrocarboni,  (C^HM),  (tee 
L7M).  If  to  be  rettricUd  to  the  meaoiof  above  given,  the  entire  group  may  be  designated  as  te  r* 
penei. 
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TU»mJmiC  MOM.    C»fl"0".    (SpirgAtis.  J.  pr.  CWm,  anL  *s,^^ 

ftrid,  rhft  *'i£t:vi  of  t:.i.4  Jwriii  bj  ittd'hj'int^,  u«a  Utter  br 

noIahU  I  a  vAt^r.  hAriag  a  mrMt^  »ad  nurcCKiii.  umI  a  ^>ttur  mi 
frrfTiw  two  Uriiro-Mlu,  ewtaiaia^  C»«H*B«t'0^  a»l  C^W*B^'€t^.i 
nnffWtui  hj  mio'tTftl  ftnda  into  t^uoomt  and  tarjMiboUe  acd. 


C»^*^J".  ^Spiri5atii,for.«^.)— A  . 
with  JAUpin  »ii4  «icammoaiB,  eztnete4  firein  the  ntx  of  Ipoauea  Tttrpttkmmi  rid.  iMy.\. 
To  pmai^  it,  the  rrjot  in  exhausted  with  cold  w»t*r :  the  dried  rMiooe  ia  treated  wjA 
alrohof,  the  alcoholic  eztnet  eoneenumtcd  bj  dietiUatioii ;  the  jeaido^-  Bxzed  with 
water;  and  the  \mjwti'jt^.\ijw  mail  therebj  prNripitated  is  wpeterfly  boiled  yiihviia', 
tb«^  dri'i'l  and  ahakea  3p  four  or  fire  times  with/thcr,  and  upeaterfty  prceipitaiedlf 
Mh«T  frr>ni  Aolation  id  aosolate  akohol. 

Tnrf^thin  thus  prepared  is  a  brownish-yellow  ioodorou  Rsm,  prndvallT  tscitldv 
a  sharp  bitterish  taste,  aod  stronglj  irritating  the  mncoos  mcmbfrnnea  ^  the  bobui 
and  noM»  when  pnWTised.  It  dissolres  ean'lj  ic  aloohoL  like  jalapin ,  bvt  is  distza- 
((ui'hed  fri-*m  that  anl/stanee  bj  its  tnsolabilitj  in  ether.  It  meka  at  aboot  183^.  sad 
diM«iolre4  ftlowly  in  strr>Dg  snlphnrie  add,  fonning  a  red  liquid.  Whan  treated  with 
alkaJis,  bar^a-wafer  for  example,  it  takes  up  2  at.  water,  and  is  ecMiretted  into  tnr- 
pf't h  i c  acid.  Undr-r  the  influence  of  minenl  adds,  it  is  TediasotTBd  into  gtaeoae wad 
turpetholic  acid: 

TUXFVrao&IC  A<na»,  C*'H'K>^,  separates,  in  the  leactioo  jvst  deaeribed,  as  t 
jellowJHh-white  granular  conglomerate ;  azid  after  washing  with  water,  and  repeated 
crystallisation  from  dilute"  auM>hoI,  with  addition  of  aninul  chaxcoal,  fonns  a  whits 
ma«s,  made  up  of  ulend^T  microscopic  needles.  It  is  inodorous,  has  an  irritating  taste 
and  acid  reaction,  dissolTes  easily  in  alcohol,  len  easily  in  ether,  melts  at  about  89°,  and 
At-rftmiHiWrn  at  a  fttronger  heat,  like  ialapinolic  acid  liii.  440)  giring  oflT  a  white  fbme 
which  strongly  irritates  the  eyes  and  now. — Turpetkolate  of  Sodium^  C^H^'NaO*,  is 
a  white  maiiH,  having  a  silky  lustre,  and  exhibiting,  under  the  micvoaoooc^  shaiplj 
d'-flrtf^l  rhombic  plateii,  with  angles  of  about  66°  and  126°. — ^Tbe  huimrn-aaU^ 
C'*If*'I^''0*,  is  amorphous.     (Spirgatis.) 

Hyn.  with  Rctilk. 

K>.  The  root  of  TuuUago  Petantejt,  L.  {PttasUes  vufgaria.  Deaf.)  eon- 
tainfi,  according  to  Reinsch  (X.  Jahrb.  Pharro.  iv.  267),  avolati'eoil,  a ciystallisable 
acid  reHJn,  called  resinapitic  acid,  another  resin  called  petasite,  the  alcoholic 
solution  of  which  forms,  with  mineral  acids,  an  emerald-green  liquid,  aflerwazds  tun- 
ing blue  when  hydrochlorie  acid  is  used, — besides  glucose,  mannite,  innlin,  tannin,  and 
the  onlinary  plant-constituents. 

TUBQVOZS.  A  native  hydrated  aluminium-phosphate,  2A1K>'.PK>*.6HK),  found 
in  Pcraia,  and  much  Talued  as  a  gem.    (See  Phosphates,  iv.  662.) 

T I  # B-KaT AXta  Printen'  types  are  made  of  an  alloy  of  lead  and  antimony, 
somf times  with  addition  of  zinc  or  bismuth,  and  of  tin  for  stareotrpe  niatea  (i.  316 ; 

iii.  .032). 


OWMMJOJkJ§4  Bodies  analogous  in  constitution,  and  exhibiting  ana- 
logous reactions,  are  said  to  belong  to  the  same  type.  Thus  hydroehlorie  acid,  HCl, 
or  rather  its  multiple  aHCl,  may  be  taken  as  the  type  of  chlorides,  which  may,  in  £ict, 
bo  derived  from  it  by  equivalent  substitution :  e^,  KCl,  Ba'Cl*,  8b"'Cl«,  Si^'Cl*,  Aa'Cl*. 
6cc.  In  like  manner,  the  sulphates  are  derived  from  the  type  aiPSO*,  the  orthophos- 
phates  from  the  type  «H«PO«,  metaphosphates  from  aHPO*,  &c.  In  a  wider  sense, 
the  formula  HCl  may  be  taken  as  the  type  of  chlorides,  bromides,  iodides,  ftnorides,  and 
cyanides ;  H*0  of  oxides,  sulphides,  selenides,  tellurides,  oxysalts,  sulphur-Baits,  &c ; 
and  H'N  of  all  amines  and  amides,  and  of  the  corresponding  phosphorus,  arsenic,  and 
antimony  oomponnds.  It  is  nnneeessaiy  to  go  further  into  detail  oiw  t^^^  «u\]^e€lt,  aa 
it  has  been  fhlly  explained  in  the  artide  ClIssificattoh  (i.  1007),  CkxvA  inoTeovet,  \he 

Sitem  of  fonnnlafcioii  airording  to  types  has  been  adopted  throu^k^i^^^^YB  '^'^^   ^ 
e  pnMDt  artidawe  shall  ei2eaToar  to  give  a  sketdi  of  the  hist^;:^  ^  ^^«fiin.e% 

OaT^Iimpa*'  wheswid  tiiafc  wiuc,  when  bleached  by  chlorine,  ^-^ -.*.  \viAt<5«^» 

ef  flUoriM  eqnal  tothat  of  the  hydrogen  ^^^^  ^  ^^^2.\ 
MMM  vHii  oil  of  tupentine ;  and  by  ex^^^^^rT C^^\«^^'' 
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gation  to  the  action  of  chlorine,  bromine,  and  other  elements  on  rarions  organic 
Bubetrinces,  he  concluded  that : —  IVken  a  body  amUnuing  hydrogen  is  needed  to  the 
dehifdrogenUing  influence  of  chlorine,  bromine^  iodine^  oxygen^  fc,  it  takes  up,  for  every 
atom  of  hydrogen  removed^  an  atom  of  chlorine^  bromine^  iodine,  or  oxygen  [O   ■-  8]. 

The  annonncement  of  this  empirical  law  of  substitution  gave  rise  to  a  laige  number 
of  experiments  in  the  same  direction,  especially  by  Laurent,  who  first  instituted  a 
careful  comparison  between  the  properties  of  the  substitution-product  and  those  of 
the  primitive  compound,  and  thence  concluded  that : — When  equivalefU  stAstUution  of 
h^rogen  by  chlorine  or  bromine  takes  place,  the  chlorine  or  biimins  takes  up  the  post- 
tion  previously  occupied  by  the  hydrogen,  and  plays  to  a  certain  extent  the  same  part,  so 
that  the  chlorinated  or  brominated  product  is  analogous  in  constitution  to  the  body  from 
which  it  has  been  formed% 

Dumas  was  at  first  opposed  to  this  idea,  as  to  the  part  which  the  chlorine  plays  in 
these  substitutions ;  but  afterwards,  when  a  larger  number  of  substitution-products  had 
been  obtained  (by  Laurent,  Malaguti,  Regnault,  and  others),  and  when  he  himself 
had  discovered  trichloracetic  acid,  and  shown  it  to  be  analogous  in  all  its  reactions  to 
acetic  acid,  he  not  only  adopted  Laurent^s  views,  but  even  went  beyond  them,  extending 
them  to  substitutions  by  oxygen,  and  developing  them  into  the  theoiy  of  types,  the 
main  principles  of  which  he  Uiddown,  in  1839,  as  foUows: — 

1.  The  elements  of  a  compound  may,  in  numerous  cases,  be  replaced,  in  equivalent 
proportions,  by  other  elements,  and  by  compound  bodies  which  play  the  part  of 
elements. 

2.  When  this  substitution  takes  place  in  equal  numbers  of  equivalents,  the  body  in 
which  the  substitution  retains  its  chemical  type,  and  the  elements  which  have 
entered  into  it,  play  therein  the  same  part  as  the  element  which  has  been  abstracted. 

The  chemical  type  included  bodies  containing  the  same  number  of  atoms  of 
their  elements,  and  resembling  one  another  in  their  principal  chemical  properties — such 
as  acetic  and  trichloracetic  adds,  or  chloroform,  bromoform,  and  iodoform.  When, 
on  the  other  hand,  the  chemical  charact4>r  of  a  body  was  altered  by  substitution,  the 
number  uf  elementary  atoms  remaining  the  same,  the  two  bodies  were  regarded  as  be- 
longing to  the  same  mechanical  or  molecular  type  :  e.g,  marsh-gas,  CH*;  formic 
acid,  CH*0« ;  chloroform,  CHCl" ;  chloride  of  carbon,  CCl«. 

The  law  of  substitution  is  the  expression  of  facts,  which  the  type-theory  was  in- 
tended to  explain.  It  was  not  supposed  that  the  type  was  preserved  because  substits- 
tion  took  placejin  equivalent  proportions ;  but  the  permanence  of  the  type  was  regarded 
as  a  power  stnving  to  retain  the  atoms  in  the  original  order,  and  thus  giving  to  the 
substitution  of  one  element  another.  According  to  this  theory,  the  properties  of  a 
compound  de{>end,  in  many  cases,  upon  the  rela^ve  positions  of  its  atoms,  much  Bon 
than  upon  their  individual  nature. 

These  views  were  met  with  determined  opposition  byBerzelius  and  the  other  up- 
holders of  the  electrochemical  theory.  Accoraing  to  that  theory,  chemical  combination 
consists  in  the  union  of  atoms  or  molecules  in  opposite  electrical  states,  and  the  ftinc- 
tion  of  any  element  in  a  compound  depends  altogether  on  its  electrical  polarity.  Soeh 
a  theoiy  is  plainly  irreconcilable  with  the  idea  that  a  strongly  electronegative  body  like 
chlorine  can  take  the  place  of  a  positive  element  like  hydrogen,  and  discharge  similar 
functions  in  the  resulting  compound.  Accordingly,  the  advocates  of  the  electrochemi- 
cal theory  at  first  denied  the  facts  upon  which  the  substitution-theory  was  founded ; 
and  afterwards,  when  these  facts  had  been  incontestably  established  bj  numerous 
analyses,  sought  to  explain  thjem  in  a  manner  consistent  with  the  principles  of  the 
electrochemical  theoiy.  With  this  riew,  Berzeliu|s  endeavoured  to  show  that  acetic 
and  trichloracetic  acids  are  difierently  constituted  compounds,  acetic  acid  being  an 
oxide  of  the  radicle  Ci9*,  whereas  trichloracetic  consists  of  oxalic  acid  "copulated" 
with  chloride  of  carbon ;  thus : 

Acetic  acid C*IP.O^  +   HO 

Trichloracetic  acid       ....        CCP  +    CO*  +  SO, 


The  numerous  Bubstitution-products  of  acetic  ether,  formic  ether,  &c.,  diaoovered  by 
Jfalaguti  and  Begnault,  were  likewise  formulated  by  Berzelius  in  a  similar  manner : 
fiff  — » 

Dichlorethylic  ether 
peichlorethylio  ether 
J>]chloracetio  ether  . 
^>ichloroformic  ether 
JIfonochloromethyl-oxide 


X>iehlorom6thylic  oxide 
^erehlcfomethylic  oxide 


C«0»   +   5C»CP 
2C»fl«.0»  +   OH*,Cl^ 

OBF.O  +  (ph:cp 


C*H,0^  +   20H,a^ 
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TUSPSTSZO   AO».    C^H*0".    (Spir^atiB,  J.  pr.  dMrm.  HrfL  t^ t  jA- 

re«b.  1864,  p.  691.) — An  acid  produced  by  the  action  of  baMS  on  tnrpctbiii,  C"DFO^ 
When  turpeUiin  is  dissolved  in  wann  baryta-water,  the  baryta  rcmoyed  hj  — f^wii 
acid,  the  excess  of  this  acid  by  lead-hydnte,  the  latter  by  aulphydric  a»d,  aad  Hi 
filtrate  evaporated,  torpethie  acid  lemaina  as  an  amorphous  yellowiah  mMm,  mmhf 
soluble  in  water,  having  a  stax>ng  add  reaction,  and  a  bitter  somewhat  soar  tarts  11 
forms  two  barium-salts,  containing  C^H-Ba^O"  and  C^H-Ba-O^.C^H-K)".  ft  il 
resolved  by  mineral  acids  into  g^noose  and  tnrpetholic  add* 


C»*H»H)".  (Spirgatis,  loc.  cU.)—A  pnigatiTa  peam, 
withjalapin  and  scammonin,  extracted  firom  the  root  of  Ipomtea  Tttrpethumipid.  m^k.). 
To  prepare  it,  the  root  is  exhausted  with  cold  water ;  the  dried  resiane  is  treated  wjtfi 
alcohol,  the  alcoholic  extract  concentrated  by  distillation ;  the  residue  mixed  with 
water;  and  the  brown-yellow  mass  thereby  predpitated  is  repeatedly  boiled  with  water, 
then  dried  and  shaken  up  four  or  five  times  with  jsther,  and  repeatedlj  precipitated  lij 
ether  from  solution  in  absolute  alcohol. 

Turpethin  thus  prepared  is  a  brownish-yellow  inodorous  resin,  giadiiallj  excitiv 
a  sharp  bitterish  taste,  and  strongly  irritating  the  mucous  membranes  of  uie  moati 
and  nose  when  pulverised.  It  dissolves  easily  in  alcohol,  like  jalapin,  bnt  is  distia- 
guished  from  that  substance  by  its  insolubility  in  ether.  It  melts  at  about  183^,  ssd 
dissolves  slowly  in  strong  sulphuric  add,  forming  a  red  liquid.  When  treated  with 
alkalis,  bar^-water  for  example,  it  takes  up  2  at.  water,  uid  is  oonTerted  into  tar- 
pethicacid.  Under  the  influence  of  minend  adds,  it  is  redissolred  into  glnoose  and 
turpetholic  acid: 

C«*H«K)»»  +   6HK)     -     3C«H>*0«  +  C>«H"0^. 

TUHyBTBOUC  ACZn,  C''H*'0^  separates,  in  the  resction  just  described,  as  a 

yellowish- white  granular  conglomerate ;  and  after  washing  with  water,  and  repeated 
crystallisation  from  dilute  alcohol,  with  addition  of  aniimd  charcoa],  forms  a  whits 
mass,  made  up  of  slender  microscopic  needles.  It  is  inodorous,  has  an  irritating  taste 
and  acid  reaction,  dissolves  easily  in  alcohol,  less  easily  in  ether,  melts  at  about  89^,  and 
decomposes  at  a  stronger  heat,  like  ialapinolic  acid  (iii.  440)  giving  off  a  white  fume 
which  strongly  irritates  the  eyes  ana  nose. — T\irpfthoUUe  of  Sodiutn,  C'fEP'NsQ*,  is 
a  white  mass,  having  a  silky  lustre,  and  exhibiting,  under  the  microseopfl^  sharply 
defined  rhombic  plntes,  with  angles  of  about  56^  and  125^, — ^The  teHmm-saUt 
C"H**Ba''0*,  is  amorphous.     (Spirgatis.) 

TUlUtZTB.     Syn.  with  Hutilx. 

TU88ZXiACM>.  The  root  of  Tusnlaffo  Petasiies,  L.  {PetasiUs  vulgartM,  Desf.)  con- 
tains, according  to  Reinsch  (N.  Jahrb.  Pharro.  iv.  267),  a  volatile  oil,  a  ciystallisable 
add  resin,  called  resinapitic  acid,  another  resin  called  petasite,  the  alcoholic 
solution  of  which  forms,  with  mineral  acids,  an  emerald-green  liquid,  afterwards  turn- 
ing blue  when  hydrochloric  add  is  used, — besides  glucose,  mannite,  inulin,  tannin,  and 
the  ordinary  plant-constituents. 

TUBQVOXS.  A  native  hydrated  aluminium-phosphate,  2 A1K)*JP<0*.5HK),  found 
in  Persia,  and  much  valued  as  a  gem.    (See  Phosphates,  iv.  662.) 

T  y  FB-MBT All.  Printers*  types  are  made  of  an  alloy  of  lead  and  antimony, 
sometimes  with  addition  of  dnc  or  bismuth,  and  of  tin  for  stereotype  plates  (i.  816 ; 
iii.  532). 

TTVBSy  OBaaKZCA&«  Bodies  analogous  in  constitution,  and  exhibiting  ana- 
logous reactions,  are  said  to  belong  to  the  same  type.  Thus  hydrochloric  add,  HCl, 
or  rather  its  multiple  nHCl,  may  he  taken  as  the  type  of  chlorides,  which  may,  in  fiust, 
be  derived  from  it  by  equivalent  substitution :  e.g,  KCi,  BaTCV,  Sb'Cl',  Si»»Cl*,  As'Cl*, 
&c.  In  like  manner,  the  sulphates  are  derived  from  the  type  nH'SO^,  the  orthophos- 
phates  from  the  type  «H"PO*,  metaphosphates  from  nHPO»,  &c.  In  a  wider  sense, 
the  formula  HCl  may  be  taken  as  the  type  of  chlorides,  bromides,  iodides,  fluorides,  and 
cyanides ;  H'O  of  oxides,  sulphides,  selenides,  tellurides,  oxysalts,  sulphur-salts,  &c ; 
and  H'N  of  all  amines  and  amides,  and  of  the  corresponding  phosphorus,  arsenic,  and 
antimony  compounds.  It  is  unnecessary  to  go  further  into  detail  on  this  subject,  as 
it  has  been  foMy  explained  in  the  artide  Culbsificatiok  (i.  1007),  and,  moreover,  the 
system  of  formulation  according  to  types  has  been  adopted  throughout  this  work.  In 
the  present  article  we  shall  ei^eavour  to  give  a  sketch  of  the  history  of  the  theories 
of  types  and  substitution. 

Gay-Lussac  observed  that  wax,  when  bleached  by  chlorine,  gives  up  hydrogen, 

and  takes  up  a  volume  of  chlorine  equal  to  that  of  the  hydrogen  removeo.    Dumas 

'ed  the  same  phenomenon  with  oil  of  turpentine ;  and  by  extending  the  investi- 
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gation  to  the  action  of  chlorine,  bromine,  and  other  eleoifnts  on  rarions  organic 
suhstrinces,  he  concluded  that : — When  a  body  containing  hydrogen  is  subjected  to  the 
dchydrogenieing  influence  of  chlorine,  bromine,  iodine,  oxygen,  ^e.,  it  takes  up,  for  every 
atom  of  hydrogen  removed,  an  atom  of  chlorine,  bromine,  iodine,  or  oxygen  [O   «  8]. 

The  announcement  of  this  empirical  law  of  enbetitution  gave  rise  to  a  large  number 
of  experiments  in  the  same  direction,  especially  by  Laurent,  who  first  instituted  a 
fsareful  comparison  between  the  properties  of  the  substitution-product  and  those  of 
the  primitive  compound,  and  thence  concluded  that : — When  equivalent  substitution  of 
hydrogen  by  chlorine  or  bromine  takes  place,  the  chlorine  or  bromine  takes  up  the  posi' 
turn  previotcaly  occupied  by  the  hydrogen,  and  plays  to  a  certain  extent  the  same  part,  so 
that  the  chlorinated  or  brominated  product  is  analogous  in  constitution  to  the  body  from 
which  it  has  been  formed^ 

Dumas  was  at  first  opposed  to  this  idea,  as  to  the  part  which  the  chlorine  plays  in 
these  substitutions ;  but  afterwards,  when  a  larger  number  of  substitution-products  had 
been  obtained  (by  Laurent,  Malaguti,  Regnault,  and  others),  and  when  he  himself 
had  discovered  trichloracetic  acid,  and  shown  it  to  be  analogous  in  all  its  reactions  to 
acetic  acid,  he  not  only  adopted  Laurent's  views,  but  even  went  beyond  them,  extending 
them  to  substitutions  by  oxygen,  and  developing  them  into  the  theory  of  types,  the 
main  principles  of  which  he  Uiddown,  in  1839,  as  follows: — 

1.  The  elements  of  a  compound  may,  in  numerous  cases,  be  replaced,  in  equivalent 
proportions,  by  other  elements,  and  by  compoimd  bodies  which  play  the  part  of 
elements. 

2.  When  this  substitution  takes  place  in  equal  numbers  of  equivalents,  the  body  in 
which  the  substitution  retains  its  chemical  type,  and  the  elements  which  have 
entered  into  it,  play  therein  the  same  part  as  the  element  which  has  been  abstracted. 

The  chemical  type  included  boaies  containing  the  same  number  of  atoms  of 
their  elements,  and  resembling  one  another  in  their  principal  chemical  properties — such 
as  acetic  and  trichloracetic  acids,  or  chloroform,  bromoform,  and  iodoform.  When, 
on  the  other  hand,  the  chemical  character  of  a  body  was  altered  by  substitution,  the 
number  of  elementary  atoms  remaining  the  same,  the  two  bodies  were  regarded  as  be- 
longing to  the  same  mechanical  or  molecular  type  :  e.g.  marsh-gas,  CH*;  formic 
acid,  CH«0« ;  chloroform,  CHCl« ;  chloride  of  carbon,  CC1«. 

The  law  of  substitution  is  the  expression  of  facts,  which  the  type-theory  was  in- 
tended to  explain.  It  was  not  supposed  that  the  type  was  preserved  because  substitu- 
tion took  placeHn  equivalent  proportions ;  but  the  permanence  of  the  type  was  regarded 
MS  a  power  stnving  to  retain  the  atoms  in  the  original  order,  and  thus  giving  to  tlM 
substitution  of  one  element  another.  According  to  this  theory,  the  properties  of  a 
compound  depend,  in  many  cases,  upon  the  reli£ve  positions  of  its  atoms,  much  mom 
than  upon  their  individual  nature. 

These  views  were  met  with  determined  opposition  byBerzelius  and  the  other  iq>- 
holders  of  the  electrochemical  theory.  Acconiing  to  that  theory,  chemical  combination 
consists  in  the  union  of  atoms  or  molecules  in  opposite  electrical  states,  and  the  func- 
tion of  any  element  in  a  compound  depends  altogether  on  its  electrical  polarity.  Such 
a  theory  is  plainly  irreconcilable  with  the  idea  tnat  a  strongly  electionegative body  like 
chlorine  can  take  the  place  of  a  positive  element  like  hydrogen,  and  discharge  similar 
functions  in  the  resulting  compound.  Accordingly,  the  advocates  of  the  electrochemi- 
cal theory  at  first  denied  the  facts  upon  which  the  substitution-theory  was  founded ; 
and  afterwards,  when  these  facts  had  been  incontestably  established  by  numerous 
analyses,  sought  to  explain  th.em  in  a  manner  consistent  with  the  principles  of  the 
electrochemical  theory.  With  this  view,  Berzeliu^s  endeavoured  to  show  that  acetic 
and  trichloracetic  acids  are  differently  constituted  compounds,  acetic  acid  being  an 
oxide  of  the  radicle  C*i^,  whereas  trichloracetic  consists  of  oxalic  acid  "copulated" 
with  chloride  of  carbon ;  thus : 

Acetic  acid CIP.C^  +   HO 

Trichloracetic  add       ....        C»C5P  +    C»0«  +  EO, 

The  numerous  substitution-products  of  acetic  ether,  formic  ether,  &e.,  discxnrered  by 
Malaguti  and  Regnault,  were  likewise  formulated  by  Berzelius  in  a  similar  manner : 

Dichlorethylic  ether         .  OH*.(^  +   2C*fl».C2» 

Perchlorethylic  ether        .  C*€^   +   6C»C?« 

Dichloracetic  ether  .        .  2C*fl".0"   +    C*IP,CP 

Bichloroformic  ether        .  2Cf*H,C^  +    CH.CP  +   2C«-H«.0"  +    CIP.CP 

Monochloromethyl-oxide  .  OIP.O^  +   CH'.CP 

Dichloromethylic  oxide     .  C*H.(^  +   2C*H.Cl^ 

Perchloromethylic  oxide  .  CO*  +   ZCCP 
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But  those  complicated  fomiQln,  which  represented  compounds  eridentlj  analogoiii 
in  proporties,  as  constituted  in  entirely  different  ways,  met  with  little  aeceptanee^  laore 
especially  as,  in  order  to  carry  out  such  modes  of  representation,  it  wms  neeessajj  to 
invent  a  new  radicle  for  almost  eveiy  organic  compound  that  was  diseoTeFsd ;  and 
finally,  when  Mel  sens  showed  that  acetic  acid  can  be  reproduced  finom  trichlofieetie 
add  by  the  action  of  sodium-amalgam,  the  idea  that  these  tw«  bodies  were  differently 
constituted  became  altogether  untenable.  Accordingly,  it  was  then  assumed  that,  as 
trichloracetic  acid  was  oxalic  acid  copulated  with  C^CiP,  so  acetic  add  itsdf  wu 
oxalic  acid  copulated  with  C*H* : 

m 

Acetic  acid        .  C*H*  +    C*0»   +   HO 

Trichloracetic  acid    .        CG*  +   CO*  +   HO; 

and  this  view  was  supposed  to  be  supported  by  the  fact  that  chlorine  took  the  place  of 
hydrogen  in  the  "  copula."  Similar  formuhe  were  giren  for  methyldithionic  sieid  sod 
the  allied  compounds  disooTered  by  Kolbe : 

Trichloromethyldithionic  acid        .        C«CP   +   5*0*   +   SO 
Dichloromethyldithionic  acid         .        CflCIP  +   8*0^   +  BO; 

jand  by  this  fanciful  hypothesis  of  copula,  the  fact  of  substitution  was  supposed  to  be 
reconciled  with  the  old  theory.  It  is  clear,  however,  that  by  this  mode  of  ezplanafa'oo, 
the  possibility  of  chlorine  taking  the  place  of  hydroffen  in  a  compound,  and  dischaigiog 
similar  functions  therein,  was  substantially  admitted ;  and  thus  the  main  point  of  tbo 
substitution-theoiy  was  established. 

In  this  contest  between  the  old  radicle-theory  and  the  substitution-theoiy,  the 
adherents  of  the  latt^'r  had  somewhat  overlooked  Xhe  good  points  of  the  former,  resort- 
ing almost  exclusively  to  empirical  formulae  to  represent  the  relations  of  compounds. 
As,  however,  it  was  found  that  mere  empirical  fformulae  did  not  always  represent 
these  relations  so  clearly  as  the  hypothetical  formuls  of  the  radicle-theory,  endeavours 
were  made  to  construct  formulae  which  should  attain  this  end  without  requiring  the 
use  of  the  numerous  hypotheses  of  the  radicle-theory.  This  object  was  greatly  pro- 
moted by  certain  considerations  which  Gerhardt  put  forwara  in  1839,  and  after- 
wards further  developed  under  the  name  of  *'  Theory  of  Hesidues."  He  says:  "When  a 
so-called  replacement  of  an  element  by  a  compound  body  takes  place,  the  process  is  not 
a  dii^ct  substitution;  but  an  element  of  the  one  body  (f.^.  H)  unites  wiitk  an  element 
of  the  other  (O),  the  resulting  product  (HO)  separatm^  out,  while  the  remaining 
elements  (resiaues)  of  the  two  bodies  enter  into  combination."  These  readues  are 
evidently  identical,  in  many  cases,  with  the  radicles  of  the  older  theory,  and  exhibit  the 
relations  of  compounds  to  one  another  with  the  same  clearness,  without  the  necessity  of 
assuming  the  pre-existence  of  these  radicles  in  the  compounds.  In  short,  the  use  of 
them  in  equations  of  decomposition  shows  that  a  group  of  elements,  or  in  oUier 
words  a  radicle,  may  be  substituted  for  an  element  in  a  compound,  without  akering 
the  type. 

This  process  of  amalgamation  of  the  radicle  and  type  theories  received  a  great  stimu- 
lus, in  the  years  1849  and  1850,  by  the  discovery  of  the  alcoholic  ammonia-bases  by 
Wurtz  and  Hof man n,  which  showed  that  the  hydrogen  in  ammonia,  KH",  may  be 
replaced,  partly  or  even  wholly,  by  an  equivalent  quantity  of  the  radicles  ethyl,  meuyl, 
&c.,  forming  bodies  of  the  same  nature  as  ammonia  itself.  These  discoveries,  which 
demonstrated,  more  clearly  than  any  that  had  gone  before,  that  organic  bodies  may  be 
referred  to  simple  inorganic  compounds  as  types,  may  indeed  be  regarded  as  the  foun- 
dation-stone of  the  modem  type-theory. 

Another  very  important  step  in  the  same  direction  was  Williamson's  discovery 
of  the  mixed  ethers  (1850),  and  his  explanation  of  the  general  relations  of  the 
ethers  and  alcohols,  bv  referring  them  to  the  type  of  water,  H'O  (Chem.  Soc  Qu. 
J.  iv.  106,  229).    Williamson  subsequently  extended  these  views  to  acids,  repre- 

senting  acetic  acid,  for  example,  as         h1^'  ^®  *^^^  pointed  out  the  possibility  of 

replacing  the  second  atom  of  hydrogen  in  the  water-molecule  by  an  acid  radicle,  thereby 
forming  a  compound  related  to  acetic  acid  in  the  same  manner  as  ether  to  alcohol 
(Chem.  Soc.  Qu.  J.  iv.  350). — This  prediction  was  verified,  in  1852,  by  Gerhardt's 
discovery  of  the  anhydrides  of  acetic  acid,  benzoic  acid,  &c.  From  that  time  chemists 
vied  with  one  another,  in  referring  organic  bodies  to  the  simplest  types  of  inorganic 
chemistry;  and  thus  arose  the  views  which  were  systematisedby  Gerhardtin  thefburth 
volume  of  his  TVaiti  de  ChinUe  organique,  iv.  560 — 806.  (See  also  Graham's  EUmtnU 
nf  •-<^y^   2nd  edition,  ii.  519 — 569,  and  the  article  Classification  in    this 

1016.) 
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It  is  usual  at  tlie  present  day  to  admit  four  principal  types : 

HH  0H«  NH»  CH*; 

or,  more  generally  (denoting  monatomic  and  polyatomic  radicles  by  Roman  n  umeials) 

I  +  I  n  +   21  in  +   81  IV  +  41; 

and  to  these,  together  with  the  multiple  and  mixed  types,  formed  by  combining  two  or 
more  of  them  together,  nearly  all  well-defined  compounds  may  be  referred.  Sometimes, 
however  it  is  convenient  to  refer  compounds  to  types  containing  radicles  of  higher 
atomicity ;  for  example : 


Type. 
V   +    61 

Tjrpe. 


Pbotphorle     Pbocpboric 
ozjrcblo- 
nde. 


pml 
cnlorkto. 


Phoaphorie 


!S 


Tungttic 
rhloridoi. 


Tiwifttle 
oxlda. 


P-IT' 


Sulphuric 
oxide. 


VI   +   61        W"C1«        W'»0« 


S"0« 


StibnethTl. 
oskU. 


Sulphuric 
acid. 


..j(Hp, 


Tetrrthjl* 

amBonium- 

cblorldeL 

Sulphuric 
dibromo- 
cChylenic 
diethide. 

((C«H«r 

S'»-((c*n»)» 

I    Br* 


The  union  of  two  or  more  molecules  of  the  same  or  different  types,  by  the  substitu- 
tion of  a  polyatomic  element  or  radicle  for  an  equiyalent  number  of  hydrogen-atoms, 
gives  a  considerable  extension  to  the  power  of  typical  representation  ;  for  example : 


Type. 
3HH 

Type. 

2H«0 

Type. 
3H«0 

Tjpe. 
2H«N 


Pbofpbo- 

rout 
chloride. 

pa« 

Sulphuric 
acid. 


Photphoric 

oxychlo- 

ride. 

(porci* 


Trichlorhydrin. 
(C»H»rCl» 


(S0«) 


0« 


Phoaphorie 
acid. 


Succinic 
acid. 

(C'^Tjo. 

Citric 
add. 


Oxalic 
acid. 


(PO) 


^/•jo.        (^^-J^rjo. 


Citric  chloride. 

(c«H»o*)""a« 

Glycol. 
Glycerin. 


Ox  amide. 


Socdnamide. 


(c«o«rj 


N«        ^^^irrjN. 


Etbylene^Iamioe. 
(C«H«)" 
H« 


N« 


Type. 
H 


Sulphuroua 
acid. 


Sulpho- 
phenyllc 
acid. 


Type, 

m 
m 

Hi 
Type. 

H«Oj 


H 

(80«)" 

H 

Hrpoeul- 

pburout 

add. 


i« 


(SO*)" 
H 


i» 


Methylaul- 

phuioua 

add. 

CH» 
H    \^ 


s 


H 

(S0)« 
H 


O 


Type. 

HCl 
H/ 


Sulphuric 

chlorhy- 

drate. 


Hi 


0 


(so'Tja 


Sulphamic 
add. 


(SO*)" 
H 


N 
0 


Carbamie 
acid. 

H'  In 
(Cor( 


Oxamie 
acid. 

H» 

(C*0«) 

H 


•N 
O 


The  same  compound  may,  in  many  cases,  be  referred  to  different  types.  Thus  tri- 
chloride of  phosphorus,  PCI',  may  bo  derived,  either  from  a  triple  molecule  of  hydro- 
chloric acid,  3HC1,  by  substitution  of  P^  for  H' ;  or  from  ammonia,  NH',  by  substitu- 
tion of  P  for  N,  and  of  CP  for  H*.  In  the  same  manner,  the  typical  molecule,  NH', 
itself  may  be  regarded  as  three  molecules  of  hydrogen,  3HH,  held  together  by  the 

Vol.  V;  3  0 
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substitution  of  N'"  for  H' ;  and  the  typical  molecule  of  water,  H*0,  may  also  be  re- 
garded as  two  molecules  of  hydrogen,  H'H',  held  together  by  the  diatomic  element,  0. 

It  appears,  then,  that  the  diflferent  types  may  also  be  reduced  to  one,  namely  hydro- 
gen, which  may  therefore  be  regarded  as  the  representative  of  the  smaUest  molecular 
tinity,  or  as  the  unit  of  molecule.  In  other  words,  all  chemical  compounds  may  be 
regarded  as  aggregations  of  ideal  hydrogen-molecules,  held  together  by  me  introduction 
of  one  or  more  polyatomic  elements  or  radicles. 

"  The  reduction  of  the  typical  mode  of  representation  to  this  last  consequence,  shows 
plainly  that  the  entire  system  is  nothing  more  than  a  comparison  of  compounds  with 
regard  to  their  composition,  not  a  true  theory  which  can  teach  us  anything  about  their 
actual  composition  itselt  The  several  types  are,  therefore,  not  classes  of  compounds 
distinctly  separated  from  one  another  by  difference  of  constitution,  but  rather  movable 
groups,  m  wnich  compounds  may  be  placed  together,  according  to  the  particular  analo- 
gies which  it  is  desired  to  bring  to  light."     (Kekul^.) 

TTFBA.  Two  species  of  this  water-plant  have  been  chemically  investigated.  The 
pollen  of  T.  latifolia  contains,  according  to  Braconnot  (Ann.  Oh.  Phys.  [2],  zlii. 
919),  3*6  per  cent,  stearin  and  olein,  18*3  sugar,  2*0  starch,  25*9  pollenin,  2*5  magne- 
sium- and  potassium-phosphates,  together  with  small  quantities  of  other  potassium- 
salts,  and  0*4  silica. 

The  rootstock  of  the  same  plant  contains,  in  the  fresh  state,  according  to  Lecoeq 
(J.  Chim.  m^.xlii.  9l),in  December,  12*5  pts.  starch  to  73  pts.  water ;  but  in  April,  only 
10*5  pts.  starch  to  the  same  quantity  of  water.  A  decoction  of  the  root  is  said  to  be 
used  in  Turkey  as  a  remedy  for  dropsy  and  for  snake-bites.     (Landerer.) 

100  pts.  of  the  entire  plant  of  Tyfha  anfftutifolia  contain,  after  drying,  9*58  per 
cent,  ash ;  and  the  ash  contains,  in  100  pts.,  14*8'K*0,  21*9  CaO,  1*66  MgO.  0*2  Fe=0». 
2-5  S0\  0*6  SiO«,  210  C0»,  3*9  P«0»,  16-8  KCl,  and  16*9  NaCl.  (SchuU-Fleetb, 
Pogg.  Ann.  czv.  157.) 

See  NioBATBS  op  Yttrium  (iv.  55). 

CopptT'Jroth.    PharmacosiderUe,     Cupr{fer<m$  Caicmine.    Kitpa- 

phrite.  Kupferschaum. — A  basic  arsenate  of  copper,  (5u*As'0*.2Cu''HH>*7H'0,  or 
5Cu"O.A8*()*.9H.'0,  found  native  at  Falkenstein  in  the  Tyrol,  and  in  other  locali- 
ties, sometimes  in  trimetric  cirstals,  with  the  faces  oP  .  oo^oo  .  ocP,  clearing 
perfectly  parallel  to  oP;  more  n-equcntly  reniform,  massive;  structure  radiate,  folia- 
ceous  ;  surface  drusy.  Specific  gravity  «  3*02  to  3*098.  Hardness  ■■  1 — 2.  Lustro, 
pearly  on  the  face  oP,  vitreous  on  the  other  faces.  Colour  apple-green  and  verdigris- 
green,  inclining  to  skyblue.  Streak  a  little  paler.  Translucent  to  subtransluofnt 
Fracture  not  observable.  Very  sextile.  Thin  lamins  flexible.  Decrepitates  strongly 
when  heated  ;  melts  before  the  blowpipe  to  a  noncrystalline  bead,  colouring  the  flame 
green.  On  charcoal  it  emits  moisture  quietly,  and  on  long  exposure  to  the  blowpipe- 
flame  swells  a  little  from  escape  of  arsenic-vapour.  With  soda  it  forms  an  imperfectly 
fluid  mass,  containing  a  white  metallic  nucleus.  Dissolves  in  acids,  with  evolution  of 
carbonic  acid. 

Kob  ell's  analysis  (Pogg.  Ann.  xviii.  253)  gave  2501  per  cent  AsH)*,  43*88  CuO, 
17*46  water,  and  13*65  carbonate  of  calcium  ;  or,  abstracting  the  latter,  28*96  percent. 
As«0»,  60*82  OuO,  and  20*22  water,  the  formula  5CuK).As«0*  +  9H«0  requiring 
29*20  Cu«0,  50*28  As«0»,  and  20*52  water. 

Copper-froth  occurs  in  the  cavities  of  calamine,  calcspar,  or  quarts,  together  with 
other  ores  of  copper,  in  small  aggregated  and  diverging  fibrous  groups,  having  a  pale- 
grocn  colour  and  delicate  silky  lustre.     (Dana,  ii.  426  ;  Rammelsberg,  p.  378.) 

TTS08ZWB.  C»H"N0".  (Liebig,  [1846],  Ann.  Ch.Pharm.lvii.  127  ;  Ixii.  269.— 
Warren  Do  la  Rue,  t^iV^.  Ixiv.  85. — Bopp,  ibid.  Ixix.  20. — Hinterberger,  ibid. 
Ixii.  72. — Strocker,  ibid.  Ixxiii.  70. — Piria,  ibid,  Ixxxii.  251.— Alex.  Miiller, 
J.  pr.  Chem.  Ivii.  162.— Leyer  and  Koller,  Ann.  Oh.  Pharm.  Ixxxiii.  332. — Witt- 
stein,  Jahresb.  1854,  p.  656. — Frerichs  andStadeler,  ibid.  1855,  p.  729;  1856,  p. 
702. — R.  Hoffmann,  Ann.  Ch.  Pharm.  Ixxxvii.  123. — Stadeler,  ibid.cxi.  12;  cxv. 
57. — Erlenmeyer  and  Schoffer,  Jahresb.  1859,  p.  596. — Neubauer,  Ann.  Ch. 
Pharm.  cvi.  72. — Frohde,  Jahresb.  1860,  p.  579. — Schmeisser,  Arch.  Pharm.  [2], 
c.  14. — Kolliker  and  H.  Miiller,  Bor.  d.  phys.  Anat.  zu  Wiinbui^,  vii.  8. — 
Schmetzer, /fkitf^ura/ j[>(SMrto^u?ii,  Erlancen,  1862. — Gorup-Besanes,  Ann.  Ch. 
Pharm.  xcviii.  13;  cxxv.  381. — Scherer,  J.  pr.  Chem.  Ixx.  406.— 0.  Wicke,  Ann. 
Ch.  Pharm.  ci.  314. — R.  Schniitt  and  0.  Nasse,  ibid,  cxxxiii.  211. — L.  Barth, 
ihid.  cxxxvi.  110;  Bull.  Soc.  Chim.  1866,  i.  307.— G.  Beyer,  Zeitschr.  f.  Chem.  [2], 
iii.  436;  Bull.  Soc.  Chim.  1867,  ii.  368.) 

A  crystalline  nitrogenous  body,  productnl  by  the  decomposition  of  albuminovdal 
substances  under  the  influence  of  acids,  alkalis,  and  putrefaction.    It  wms  disooveivd 
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having  a  silky  lustre ;  and  by  fiupersatnrating  warm  dilute  hydrochloric  add  with 
tyrosine,  a  crop  of  crystals  is  obtained,  consisting  of  rather  thick  oblong  prisms,  with  a 
horizontal  dome  resting  on  the  narrow  sides. 

Tyrosine  dissolves  in  160  pts.  of  boiling  water,  in  1900  pts.  of  cold  wateir  (at  about 
16°),  in  about  13,600  pts.  of  cold  90  per  cent,  alcohol,  not  much  more  fireely  in  boiling 
alcohol,  and  is  quite  insoluble  in  ether.  Its  solubility  in  alcohol  is  greatly  increased 
by  admixture  with  amorphous  extractive  matter. 

Tyrosine-solutions  are  not  precipitated  either  by  neutral  or  by  biuic  acetate  of  lead; 
but  on  addition  of  ammonia,  the  basic  acetate  produces  a  precipitate  consisting  of 
tyrosine  combined  with  lead.  A  solution  of  tyrosine  is  not  altered  by  addition  of 
mercuric  acetate,  unless  previously  mixed  with  basic  acetate  of  lead  ;  in  which  case  the 
tyrosine  is  almost  completely  precipitated  as  a  mercury-compound,  from  which  it  may 
be  separated  by  sulphuretted  hydrogen.  An  aqueous  solution  of  tyrosine  mixed  with 
mercuric  nitrate  remains  clear ;  but  on  adding  a  small  quantity  or  soda,  a  white  pre- 
cipitate is  formed,  containing  tyrosine,  mercuric  oxide,  and  nitric  acid.  A  moderately 
dilute  solution  of  tyrosine  boiled  with  mercuric  nitrate,  turns  red  and  deposits  a  brown- 
red  precipitate.  Very  dilute  solutions  assume  a  faint  rose-colour,  and  yield  a  yellov 
or  flesh-coloured  precipitate  (R.  Hoffmann;  Stadeler).  A  small  quantity  of 
tyrosine  gently  warmed  with  a  few  drops  of  strong  sulphuric  acid  yields,  after  dilutioo 
with  water  and  neutralisation  with  barium-carbonate,  a  liquid  which  is  ooloorMl 
violet  by  ferric  chloride ;  this  reaction  affords  a  very  delicate  test  for  tyrosine.  (Piria; 
St&deler.) 

Tyrosine  heated  for  some  time  with  chlorine,  or  bromine,  is  converted  into  perchhno- 
quinone,  or  perbromoquinone  ;  at  ordinary  temperatures,  on  the  other  hana,  bromine 
forms  dibromotyrosine.  When  chlorate  of  potassium  is  added  to  the  hydrochloric 
acid  solution  of  tyrosine,  a  wine-red  coloration  is  produced ;  oily  drops  separate ;  and 
the  liquid  when  distilled  yields  chlorinated  acetone,  leaving  a  resinous  mass,  which, 
by  the  further  action  of  hydrochloric  acid  and  potassium-chlorate,  is  converted  into 
perchloroqui  none. 

Tyrosine  heated  with  dilute  sulphuric  acid  and  peroxide  of  lead  is  completely  decom- 
posed, carbonic  anhydride  being  slowly  evolved,  and  the  brown  liquid,  when  freed  firom 
sulphuric  acid  by  means  of  barium -carbonate,  yielding,  on  addition  of  alcohol,  a  dark- 
coloured  precipitate,  while  the  filtrate  on  slow  evaporation  deposits  a  few  small 
crystals. — Alkaline  tyrosine-compotlnds  decompose  p(Tmanganaie  of  potassium  even 
in  the  cold,  forming  oxalic  acid  and  a  brown  substance  (Neubauer).  Tyrosine 
distilled  with  potassium-chromate  and  sulphuric  acid,  yields  bitter-almond-oil,  hydro- 
cyanic acid,  benzoic  acid,  formic  acid,  acetic  acid,  and  carbonic  acid.     (Frohde.) 

Tyrosine  heated  with  nitric  acid,  yields  nitro-substituti  on -products. 

Tyrosine  is  decomposed  by  heat,  emitting  an  odour  of  burnt  horn  ;  when  heated  in 
considerable  quantity  (mixed  with  pumice-stone),  it  yields  an  oily  distillate,  smelling 
strongly  of  phenol  (Stadeler).  But  when  very  small  quantities  of  it  are  heated  in 
thin  glass  tubes  to  about  270°,  a  white  alkaline  sublimate,  C*H"NO,  is  obtained,  very 
slighUy  soluble  in  water,  and  forming  a  crystal li sable  hydrochlorate  and  chloroplab- 
nate.  This  body  has  the  composition  ofethyl-oxyphenylamine,  C*H*(C*H*)NO, 
and  accordingly  tyrosine,  from  which  it  is  formed  by  elimination  of  carbonic  anhy- 
dride, maybe  regarded  as  ethyl-amidosalicylic  acid: 

C'H'NO"     -     C'H'NO   +   C0». 

Amidotalt-  OxyphenyU 

cyllc  acid.  amine. 

C»H«(C«H»)NO»     «     O'H«(CTI»)N0     +     CO*. 

Ethyl-amidoMli-  Ethyl-oxyphe- 

cylic  acid.  nylamine. 

(Schmitt  and  Nasse,  Ann.  Ch.  Pharm.  cxxxiii.  211.)  On  the  other  hand,  accord- 
ing to  L.  Bart h  (ibid,  cxxxvii.  110),  tyrosine,  fused  with  caustic  potash,  is  resolved 
into  paraoxy benzoic  acid,  acetic  acid,  and  ammonia,  as  shown  by  the  equation: 

C*H'»NO"  +  H«0   -I-   O     =     C'H«0«   +   C*H^O«  +  NH«; 

Tyrosine.  pHraoxy  Ace'ie 

bcnioic  acid, 

acid. 

and  may,  accordingly,  be  regarded  as  the  ethylic  derivative  of  amidoparaoxybon- 
zoic  acid: 

C'H*(NH0O»  C'n»(NH.C«H*)0«. 

Amidoparaoxy-  Tyrosine, 

bensoic  acid. 

Compounds  of  Tyrosine. — Tyrosine  dissolves  in  acids  and  in  alkalis,  forming  defi- 
nite compounds.  It  unites  with  acids  in  two  proportions,  but  is  not  capable  of  neutral- 
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JHbromotjrodae,  (?E*Br^O*.2KH).  (aorup-Besanez.)— Tb«  hjdrobroaato 
of  this  baM,  produced  bj  the  action  of  bromine-Tapoiir  on  excess  of  tyroRne,  i^u 
np,  when  boiled  with  water,  into  hydrobromic  acid  and  dibromotyrooiie.     The  base 
8e|»rates  from  concentrated  eolations,   in  slender  white  needles;   from  more  dilute 
solutions,  after  some  time,  in  fannshaped  {rroups  of  large  rfaomboXdal  tables,  or  in  thid 
prismatic  crystals  belonging  to  the  tridinie  system.     The  crystals  are,  at  first,  per- 
fectly transparent,  bat,  when  expoeed  to  the  air,  gradoally  giTe  off  their  water  of 
crystallisation,  and  become  milkwhite.     Dibromotyroeine  is  more  solnble  in  hot  than 
in  cold  water,  sparingly  soluble  in  alcohol,  insoluble  in  ^her ;  has  a  sli^tly  bitter 
taste,  an  acid  reaction,  and  gives  off  the  whole  of  its  crystallisation-water  at  100^.  At  a 
hi^zher  temperature  it  decomposes,  giving  off  an  odour  like  that  of  phenyl-«ampoimda. 
It  dissolves  in  alkalis,  with  decomposition,  and  formation  of  metallic  brDmide ;  aod 
when  treated  with  nitric  acid,  immediately  becomes  reddish,  gires  off  bromine,  and 
forms  a  solution,  which,  on  erapoiation,  gradually  deposits  crystals  of  dinitroty- 
rosine. 

Dibromotyrosine  unites  with  acids  and  with  bases,  forming  compounds  whidi  may 
be  prepared  similarly  to  those  of  tyrosine  itself. — The  silvtr-compound,  CH'Br'Ag'KO* 
is  a  white  crystalline  precipitate,  which  turns  brown  on  ezposore  to  light,  is  deeom- 
posed  by  boiling  with  water,  also  by  nitric  acid,  whidi  separates  bronude  of  silver. 

HydrchromaU  of  Dihromotyrorine,  CH'Br'NO'.HBr,  crystallises  in  stellate  grosps 
of  small  nacreous  needles,  easily  soluble  in  water  and  in  alcohol,  bat  decomposed  bj 
boiling  with  water.— The  hydrocJU^yraU,  C»H»Br*NO«JaCl .  |HK),  gires  off  its  water  of 
crystallisation  at  lOO**,  and  in  other  respects  resembles  the  hydrobromate. — ^The 
sulphate,  (C*U*Br^'0*/.H'SO\  forms  interlaced  needles,  easily  soluble  in  water  and 
in  alcohoL 

Vitrotyroslne,  C^"(NO*)NO*.  (Strecker,  Ann.  Ch.  Fhazm.IxxiiL  70.)— When 
tyrosine  is  suspended  in  four  times  its  bulk  of  water,  and  a  quantity  of  nitric  acid  of 
specific  gravity  1  3, equal  in  volume  to  the  water,  is  gradually  added,  the  solution  becomes 
warm,  acquires  a  red  colour,  and,  after  standing  for  twelve  hours  in  a  warm  place, 
deposits  an  abundant  crystallisation  of  nitrate  of  nitroty rosine;  and  on  pressing  these 
crystals  between  paper,  dissolving  them  in  water,  and  adding  as  much  aunmonia  as  can 
be  added  without  reddening,  nitrotyrosine  is  deposited :  it  may  also  be  separated  from 
the  solutions  of  its  salts  by  acetate  of  ammonium. 

Nitrotyrosine  forms  delicate  yellow  needles,  united  in  warty  groups,  or  in  beautiful 
wavellitic  crystalline  geodcs.  It  is  slightly  soluble  in  cold,  more  soluble  in  hot  water, 
insoluble  in  alcohol  and  ether,  has  a  slightly  bitter  taste,  reddens  litmus,  and  decom- 
poses with  slight  detonation  when  heated  above  100°.  It  dissolves  in  ammonia,  the 
fixfd  alkalis,  and  dilute  mineral  acids,  but  not  in  acetic  acid. 

Nitrotyrosine  xmites  with  acids  and  with  bases,  in  the  same  manner  as  tyrosine. — 
The  baHum-salt,  Ba"[C»H\NO*)NO»]«,  is  a  blood-rt^  amorphous  mass.— The  sUversalt, 
C*H*Ag^NO')NO*,  is  an  orange-yellow  precipitate,  soon  changing  to  a  deep  red 
granular  powder,  somewhat  soluble  in  water;  there  appears  also  to  be  another  silver- 
compound  containing  C'H*Ag(NO')NO*. 

Hydrochlorate  of  Nitrotyrosine,  2rC»H«»(N0»)N0».Ha].H«0,  crystallises  in  tufti 
of  iemon-yellow  needles,  easily  soluble  in  water  and  in  alcohol. — The  nitrate, 
C*H**(NO*)NO'.HNO',  forms  lemon-yellow  needles,  insoluble  in  ether,  easily  soluble  in 
alcohol,  soluble  in  5  pts.  of  water ;  the  solution  decomposes  on  standing,  depositing 
mtrotyTOBine.  — Sulphate  of  NUrotyrosine,  2C»H'»(N0«)N0'.H*S0*,  forms  yellow 
needles  or  granules. 

Dinitrotyroaine,  C»H»(N0»)2N0».  (Stadeler,  Jahresb.  1860, d.  676.)— Produced 
by  gently  beating  nitrate  of  nitrotyrosine  with  a  mixture  of  equal  volumes  of  water 
and  nitric  acid  of  specific  gravity  1*3.  On  washing  the  lemon-yellow  residue  with  cold 
water,  and  recrystallising  it  from  boilingwater,  the  di nitrotyrosine  is  obtained  in  golden- 
1  ellow  shining  lamins.  It  is  very  slightly  soluble  in  cold  water,  not  much  more  in 
hot  water,  easily  soluble  in  alcohol,  less  soluble  in  ether;  has  a  slight  acid  taste; 
makes  a  deep  yellow  stain ;  melts  at  115°,  and  decomp>08e8  with  slight  detonation. 

Dinitrotyrosine  unites  easily  with  metals,  forming  red  and  yellow  salts,  which 
detonate  violently  when  heated. — ^The  ammonium-saU  crystallises  from  an  aqueous 
solution  mixed  with  alcohol  and  ether,  in  stellate  groups  of  needles,  having  a  deep 
chrome-red  colour  with  violet  reflex. — The  barium-salt,  C*H'Ba''(N0*)«N0'.2HH), 
crvstallises  in  rather  thick  ruby-coloured  prisms,  more  soluble  than  the  calciimi-salt 
—The  calcium-salt,  C»H'Ca''(N0«)«.N0».3n«0,  is  precipitated  in  golden-yellow  six-sided 
tables,  on  adding  ammonia  to  a  solution  of  di nitrotyrosine  mixed  with  chloride  of 
calcium :  it  is  insoluble  in  alcohol  and  ether,  slightly  soluble  in  water,  more  readily  in 
dilute  acetic  acid. — The  lead-salt  separates,  on  mixing  a  solution  of  dinitrotyzosine 
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other  insoluble  substances.  The  dry  root  contains  2*6  per  cent,  nitrogen,  eqniTaleot 
to  17  per  cent  albuminous  substance.  The  ash  contains  lime,  ferric  oxide,  soda,  sol' 
phuric  acid,  phosphoric  acid  in  large  quantity,  chlorine,  and  carbonic  adds,  together 
with  small  quantities  of  magnesia,  potash,  and  silica.  (Mulder  and  SchabHe, 
Pharm.  Centr.  1851,  p.  269.) 

VXi&MAirXTa.  Antimonial  or  antimonio-arsenical  nickel-glanoe,  NiS.Ni(Sb*,AB)' 
(ir.  43). 

HXMAHIC  AOZ2>.    Bnchner's  name  for  spineic  or  salicyloua  add,  obtained  from 
Spinga  tUmaria, 

See  the  next  artide. 


mbMOVS  or  SVMOVS  8VB8TA3rCB8«  These  names  are  given  to  Tarions 
brown  or  black  substances,  occurring  in  vegetable  mould,  peat,  stable-manure,  dune- 
water,  and  certain  mineral  waters,  and  resulting  from  the  putiefiiction  of  TegetabTe 
or  animal  substances  in  contact  with  air  and  water.  Similar  substances  are  pirodooed 
by  the  action  of  acids  and  alkalis  on  cellulose,  starch,  sugar,  fibrin,  albumin,  &c. ;  but 
the  composition  of  these  produeta  appears  to  vary  according  to  the  drcnmstanoes  under 
which  they  are  formed,  and  the  nature  of  the  reagents  used  in  preparing  them. 

When  sugar  is  boiled  for  some  time  with  dilute  hydrochloric,  nitric,  or  Bulphuric 
acid,  black  or  brown  scales  are  deposited,  which,  after  being  washed  with  water,  dis- 
solve partially  in  anunonia,  leaving  a  black  insoluble  substance  called  nlmin;  and 
the  ammoniacal  solution,  when  neutralised  with  an  acid,  deposits  brown  or  black  gelati- 
nous flocks  of  ulmic  acid,  soluble  in  pure  water,  but  insoluble  in  water  containing  free 
acid  or  sulphate  of  potassium.  Ulmic  acid  and  ulmin  have  the  same  compositioii, 
C^*H"0*,  according  to  Stein  (Ann.  Ch.  Pharm.  xxx.  84),  differing  from  that  of  sugar 
only  by  the  elements  of  water.  Ulmic  acid  is  converted  into  ulmin  by  prolonged 
desiccation,  and  more  quickly  by  boiling  with  strong  hydrochloric  add. 

When  vegetable  mould,  or  mouldered  wood  from  the  trunk  of  a  decaying  tiee,  is 
digested  in  a  weak  solution  of  potash  or  soda,  a  brown  liquid  is  formed,  which,  on 
addition  of  an  add,  yields  a  blackish-brown  precipitate,  easily  soluble  in  alkalis,  and 
always  retaining  a  considerable  proportion  of  nitrogen.  Mulder  (Ann.  Ch.  Phaim. 
xxxvi.  243)  regards  this  precipitate  as  a  mixture  of  three  substances,  which  are  com- 
pounds of  water,  or  of  water  and  ammonia,  with  three  different  acids,  viz. — geic  acid, 
CWH'W  ;  humic  acid,  C»H'»0« ;  and  ulmic  acid,  C»H»*0«.  These  formulsB  are 
very  doubtful,  but  the  substances  in  question  are  obviously  the  product  of  vegetable 
matter  in  a  state  of  decay  more  or  less  advanced.  They  are  very  much  like  the  above- 
mentioned  products  of  the  decomposition  of  sugar. 

The  m\me  "  ulmic  acid,*'  or  ''  mmin,"  was  given  by  Klaproth  to  a  gummy  substance 
contained  in  the  black  alkaline  excrescences  on  the  stems  of  unhealthy  trees,  espedally 
of  elms. 

Ulmin  is  also  the  name  of  a  brown  pigment,  produced  by  the  action  of  stzong  adds 
or  alkalis  on  various  organic  bodies,  especially  by  heating  treacle  or  alcohol  with 
strong  sulphuric  acid,  thoroughly  washing  the  residue  with  water,  then  triturating  it 
with  gum,  and  drying  the  mixture.  A  similar  colour  is  obtained  by  boiling  alcohol  with 
solid  caustic  potash,  washing  the  product  with  hydrochloric  add,  and  then  with  water. 

For  details  respecting  the  various  observations  which  have  been  made  upon  ulmous 
or  humous  substances,  see  GmdifCs  Handbook^  xvii.  458. 

VXiMirB.  The  bark  of  the  common  elm,  Ulmus  campcstritt  contains  tannin,  resin, 
mucus,  and  inorganic  salts;  the  mucus,  according  to  Braconnot,  is  very  much  like  that 
of  linseed.  The  bark  of  old  elms  often  exudes  gummy  or  mouldy  substances,  containing 
vegetable  mucus,  together  with  the  carbonates  of  potassium,  calcium,  and  magnesium. 
Klaproth' s  ulmin  was  a  substance  of  this  kind.  The  leaves  of  the  elm  are  said  to 
contain  a  bitter  principle  and  a  yellow  colouring-matter,  and  (according  to  Keller- 
man)  the  flowers,  at  the  time  when  the  buds  turn  red,  contain  a  red  and  a  green  colour- 
ing-matter. 

The  composition  of  the  ash  of  the  bsrk  and  wood  is  as  follows : — 


K'O. 

Na«0. 

CaO. 

MgO. 

Fe"'PO*. 

v*o\ 

SO». 

SiO*. 

Bark 

2-2 

101 

727 

3-2 

1-2 

1*2 

0-6 

8-8  -  100 

Wood 

21-9 

18-7 

47-8 

7-7 

1-7 

2-8 

1-3 

3-1  -  100 

A  rock  occurring  in  the  Ulten  Valley  in  the  Tyrol,  consisting  of  a 
crystalline,  fine-grained,  slaty  mixture  of  garnet  with  disthene  and  a  small  quantity 
of  mica. 

JTVtWLAJiKtiMTKMm     Outremer. — The  fine  blue  pigment  known  by  this  name 
consists  essentially  of  silica,  alumina,  soda,  and  sulphur,  and  is  regarded  as  a  sodio- 


Calculation. 

Analfaes. 

37-6 

40-25 

39-39 

4619 

27-4 

26-62 

26-40 

25*85 

14-2 

13-42 

12-69 

13-27 

200 

19-89 

21-52 

20-69 
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many  chemists,  but  considerable  doubt  still  exists  as  to  its  true  nature.  According  to 
the  experiments  of  Wilkens  (Ann.  Ch.  Pharm.  xcix.  21),  who  has  made  careful 
analyses  of  a  variety  of  samples  of  artificial  ultramarine,  both  from  his  own  maou- 
faetory  and  from  other  sources,  ultramarine  is  composed  of  two  portjons,  one  of 
which — regarded  by  him  as  the  essential  constituent — is  constant  in  compontion,  and 
is  attacked  with  facility  by  hydrochloric  acid,  OTolring  sulphuretted  hydrogen ;  while 
the  other  portion,  not  soluble  in  hydrochloric  acid,  contains  a  variable  amount  of 
sand,  clay,  oxide  of  iron,  and  sulphuric  acid.  Wilkens' s  analyses  of  the  pure  blue  pig- 
ment correspond  nearly  with  the  formula  (2Al*0».3SiO«).(AlK)».4SiO«).Na«S«0».3Na«S. 

Silica 

Aluminium 
Sulphur  . 
Soda(Na«0)   . 

Numerous  other  analyses  are  given  in  the  Handwbrierbuch  der  Chemie  (ix.  19). 

Wilkens  regards  the  blue  colouring-principle  as  a  compound  of  hyposulphite  and 
sulphide  of  sodium.  He  states  that  the  presence  of  iron  is  not  essential  to  the  pro- 
duction of  the  colour,  but  about  this  there  is  still  some  doubt  According  to  Brunner, 
a  corresponding  compound,  in  which  potassium-sulphide  is  substituted  for  sodium- 
sulphide,  is  colourless. 

Ultramarine  heated  in  the  air,  gradually  assumes  a  dull  green  hue ;  it  is  not  changed 
by  heating  with  sulphur,  but  when  melted  with  borax,  gives  off  sulphur  and  sulphuroos 
acid,  and  leaves  a  colourless  glass.  Sulphuric,  nitric,  and  hydrochloric  acids  decom- 
pose it,  quickl}'  destroying  the  colour.  Chlorine  acts  still  more  rapidly,  dissolTing 
everything  but  the  silica,  and  completely  discharging  the  colour. 

Ultramarine  is  extensively  used,  not  onlv  as  an  artist's  colour,  but  also  for  paper- 
staining  and  other  forms  of  house-decoration,  as  well  as  in  dyeing  and  calico-pnnting. 
In  Germany,  which  is  the  chief  seat  of  the  ultramarine  manufacture,  there  are  about 
tweuty  factories,  each  producing  annually  about  1000  tons  of  the  colour.  The  manu- 
facture is  also  carried  on  in  France  and  in  Belgium,  and  to  a  smaller  extent  in  ^England. 

VXiVA.  The  alga  called  Ulva  or  Bivularca  gdatiriosa,  consists,  according  to 
Braconnot,  of  green  globules  and  a  colourless  jelly ;  the  latter  is  insoluble  in  water,  at 
first,  but  dissolves  on  prolonged  immersion.  The  solution  resembles  gum-water,  but 
when  treated  with  nitric  acid,  yields  oxalic  instead  of  mucic  acid. 

ITMBBZiZiZO  ACZB.  This  name  was  given  by  Persoz  to  a  product  of  the  oxida- 
tion of  the  volatile  oil  of  anise,  star-anise,  and  fennel  with  chromic  acid.  Hcmpel  has, 
however,  shown  that  the  acid  thus  obtained  is  identical  with  anisic  acid. 

VMBBX.ZiZl'BROirB.  CH*0^  (Sommer  and  Zwenger,  Ann.  Ch.  Pharm. 
cxv.  15. — Mossmer,  Vnd.  cxix.  260.) — A  neutral  body,  isomeric  or  polymeric  with 
quinone,  to  which,  however,  it  exhibits  no  further  resemblance.  It  is  obtained  by  the 
dry  distillation  of  various  resins,  chiefiy  of  those  derived  from  umbelliferous  plants: 
thus  crude  galbanum  yields,  by  dry  distillation,  0*83  percent,  umbelliferone;  sagapenum, 
0*32  per  cent. ;  Asa  fatiday  0*28  per  cent.  It  is  like>vi8e  obtained  from  opoponax,  the 
resins  of  sumbul-root,  angelica-root.  Radix  levisiici,  JR.  meUy  and  R.  impercUoria.  Gum- 
ammoniac  does  not  yield  it,  but  it  may  lie  obtained  from  the  alcoholic  extract  of  the 
bark  of  the  mezoreon  or  spurge-laurel  {Daphne  ntezereum),  a  plant  not  belonging  to 
the  umbelliferous  order. 

Umbelliferone  may  be  prepared  from  galbanum ; — most  advantageously,  according  to 
Mossmer,  from  tlie  resin  purified  by  boUing  crude  galbanum  with  water,  dissolving  the 
resinous  residue  in  milk  of  lime,  and  precipitating  the  filtered  solution  with  hydro- 
chloric acid.  By  distilling  this  purified  resin  with  water,  an  oily  distillate  is  obtained, 
which,  on  standing,  deposits  crystals  of  umbelliferone,  to  be  purified  by  reciystallisa- 
tion.  The  distillate  obtained  from  the  alcoholic  extract  of  mezereon-bark,  contains 
daphnetin  as  well  as  umbelliferone.  To  separate  the  former,  the  solution  of  the  puri- 
fied crystals  is  mixed  with  acetate  of  lead,  which  throws  down  a  compound  of  daphnetin 
with  lead-oxide,  while  pure  umbelliferone  remains  in  solution,  and  crystallises  on  eva- 
poration. Umbelliferone  is  likewise  formed  when  a  concentrated  alcoholic  solution  of 
pure  galbanum-resin,  saturated  with  hydrochloric  acid  gas,  is  heated  for  some  time  to 
100°. 

Umbelliferone  forms  colourless  rhombic  prisms,  having  a  faint  silky  lustre ;  it  is 
tasteless,  inodorous  in  the  cold,  dissolves  slightly  in  cold  water,  and  so  abundantly  in 
boiling  water,  that  a  solution,  saturated  while  hot,  coagulates,  on  cooling,  to'a  crystal- 
line pulp,  forming,  when  dry,  a  coherent  interlaced  mass.  Umbelliferone  dissolves  also 
in  alcohol,  other,  and  chloroform.     The  aqueous  solution  is  colourless  by  transmitted 
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the  preparation  of  the  arrow^poison,  the  juice  is  mixed  with  ground  pepper,  omioD-juice, 
zerumbet,  parts  of  a  species  of  arum  called  rtjampoo^  dragon*8-blood,  and  other  sub- 
stances. The  mixture  is  not  boiled,  but  slowly  inspissated  to  a  red-brown  resinous 
mass,  which  is  left  to  dry  in  the  sun.  It  resftmbles  opium  when  dry,  and  forms  a 
brown  emulsion  with  water.  According  to  Mulder,  it  contains,  besides  aatiarin,  a 
non-poisonous  resin,  gum,  sugar,  and  inorganic  salts.  When  injected  into  the  dr- 
culation,  \  grain  of  it  is  fatal  to  rabbits,  ^  grain  to  dogs,  and  from  4  to  6  grains  to 
larger  animals,  such  as  buffaloes.  It  likewise  kiUs  when  taken  into  the  stomach,  but 
in  that  case  larger  doses  appear  to  be  required. 

Upas  Radja,  or  Upas  Tient^,  also  called  Upas  Tjettik,  and  in  the  remoter 
parts  of  India,  Sung-sig  (dagger-poison),  is  prepared  from  the  younger  rocts,  and  the 
bark  of  the  older  roots  of  Sirychnos  Tieuti,  a  shrub  growing  in  the  forests  of  Jara,  by 
boiling  for  an  hour  with  addition  of  various  less  essential  ingredients.  It  is  brownish- 
black  when  fresh,  resembles  opium  when  dry,  has  a  bitter  taste,  is  for  the  most  part 
soluble  in  alcohol,  and,  according  to  Pelletier  and  Carentou,  contains  as  its  actire 
constituents,  strychnine  and  brucine.  According  to  Horsfield  and  Mayer,  it 
acts  in  the  same  manner  as  the  fresh  extract  of  Strychnoa  TieutL  It  is  regarded  in 
India  as  the  strongest  and  most  dangerous  of  arrow-poisons. 

The  bulbs  of  certain  amaryllidaceous  plants,  Crinum  asiaticum  and  Or.  moltieettnum, 
which  exert  an  emetic  and  diaphoretic  action,  are  used  in  the  East  as  remedies  in  cases  of 
wounding  by  poisoned  arrows. 

Syn.  with  Urakium-bloom. 

A  pseudomorph  of  hornblende,  after  augite,  from  the  Ural. 

r.  An  aphanite-porphyry  occurring  in  the  Ural,  containing 
uralite,  and  sometimes  also  crystals  of  labradorite. 

V&AXO&THXTB.     Orthite  from  the  neighbourhood  of  Lake  Ilmen,  near  Miask, 

in  the  Ural,  formerly  mistaken  for  tscheffkinite. 

Syn.  with  Dialu&axidb  (ii.  315). 

Dialuramic  Acid  (Laurent).  (Liebig  and  Wohler, 
Ann.  Ch.  Pharm.  xxvi.  314. — Gregory,  PhiL  Mag.  xxiv.  187.) — Obtained  by  boiling 
a  solution  of  dialuramide  in  cold  sulphuric  acid  with  water,  or  by  evaporating  a  solu- 
tion of  thionurate  of  ammonium  with  a  moderate  quantity  of  sulphuric  acid.  It  forms 
transparent  four-sided  prisms  ;  or,  by  rapid  crystallisation,  silky  needles;  they  redden 
litmus  slightly,  and  turn  red  at  about  100^,  without  losing  weight.  It  dissolves  in  6 
or  8  pts.  cold  and  3  pts.  hot  water,  and  in  sulphuric  a^id  without  blackening  or 
evolution  of  gas.  It  forms  crystaUisable  salts  with  the  alkalis,  and  precipitatrs 
barium-,  calcium-,  and  silver-salts  on  addition  of  ammonia;  the  silver^ precipitate 
contains  about  64  per  cent,  silver  (Liebig  and  Wohler).  It  dissolves  quietly  in 
cold  nitric  acid,  but  is  decomposed  bv  boiling  with  strong  nitric  acid.  When  it  is 
boiled  with  dilute  hydroehlonc  or  sulphuric  acid,  dialuric  acid  is  formed,  which  is 
partially  converted  into  alloxantin  by  the  action  of  the  air.     (Gregory.) 

The  formula  assigned  by  Liebig  and  Wohler  to  uramilic  acid  is  CH"N*0'*,  the 
percentage  they  obtained  by  analysis  is  C,  3209;  H,  3'69  ;  N,  2323;  O,  4109;  but 
they  do  not  state  at  what  temperature  their  cr)'stals  were  dried.  Gmelin  su^ests 
CWN^O',  which  is  the  formula  adopted  by  Laurent(Compt.  rend.  xxxv.  629),  who 
regards  the  compound  as  dialuramic  acid,  N.C"H*N*0*.H*.H.O.  Gerhardt  (Chim. 
orq.  i.  610),relying  on  Gregory's  experiments,  regards  it  as  acid  dialnrate  of  ammo- 
nium, the  formula  of  which  is  C»H"N*0»  -  C'»HXNH*)N«0«.  F.  T.  C. 

Compounds  of  the  uranic  oxide  with  basic  metallic  oxides. 


inHAVZC  ACZI>«    A  name  applied  to  uranic  oxide  when  in  combination  with 
bases. 


Syn.  with  pitchblende  or  native  oxide  of  uranium 

Native  calcio-uranic  phosphate   (iv.   686). — Chalcolite^  or  copper^ 
uranitCt  is  an  isomorphous  mineral  having  the  calcium  replaced  by  copp)er. 

TJHULVIUM.  Atomic  weight,  120;  Symbol,  U. — Klaproth,  in  1789,  discovered, 
in  pitchblende  and  uranite,  a  metallic  oxide  to  the  metal  of  which  he  gave  the  name 
uranium.  Its  compounds  were  subsequently  examined  by  Hichter,  Buchholz, 
Lecanu,  Brande,  and  especially  by  Borzeli us  and  Arfvedson.*  P^ligot,  in 
1 840,  showed  that  the  body  previously  regarded  as  metallic  uranium  was  really  the 

•  For  references,  sec  GmeUn^s  Handbook^  It.  157. 
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which  it  is  biequivalent,  e.g.  U"0,  U"a»,  U''SO«,  &c;  and  Uie  nranie  eompounds, 

in  which  it  is  triequivalent ;  e.g. : 

Oxide.  Oxjchloride.  Oxynitnue.  Ozjcolplut*. 

There  aro  also  two  oxides  of  turanium,  intennediate  between  oranona  and  manic  oxide. 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  nranie  oxide,  each 
as  UCl';   neither  are   there  any  normal  nranie  oxjsalts  analogooa  to  the  normal 

ferric  salts,  such  as  ft(NO')*,  0*(SO*)*,  &c. ;  but  all  the  nranie  aalts  contain  the 
group  UK)*,  which  may  be  regarded  as  a  diatomic  radicle  (called  ursnyl  by  Piligot), 
uniting  with  acid  radicles  in  the  usual  proportions,  and  forming  normal  salts,  thus:^ 

Uranic  oxide,  or  Oxide  of  Uranyl (XPO*)"© 

Uranicoxychloride,  or  Chloride  of  Uranyl         .         .         .  (U'O'fCl' 

Uranic  nitrate,  or  Nitrate  of  Uranyl        ....  (U'O'nNO*)* 

Uranic  sulphate,  or  Sulphate  of  Uranyl    ....  (U»0*)^SO*. 

This  view  of  the  composition  of  the  uranic  compounds  is,  however,  by  no  means 
essential,  since  they  may  also  be  formulated  as  above. 

mULVZITK,  BS01IZDB8  07.  a.  Uranous  Bromide^  UBr*,  is  obtained, 
in  the  anhydrous  state,  by  heating  a  previously  ignited  and  still  warm  mixture  of  1  pt 
uranous  oxide  and  6  pts.  starch  in  a  stream  of  bromine-vapour.  It  is  a  brown  pul- 
verulent mass,  exhibiting  a  ci^'stalline  structure  on  the  most  strongly  heated  portions ; 
it  fumes  in  the  air,  and  is  very  deliquescent.     (Hermann,  Jahresb.  1861,  p.  260.) 

\\y  dissolving  uranous  hydrate  in  aqueous  hydrobromic  acid,  a  dark-green  liquid  is 
formed,  which,  when  ovaporate<l  over  oil  of  vitriol,  yields  dark-green  crystals  of  hy- 
dmtod  uranous  bromide,  UBr'.4H*0 ;  they  are  very  deliquescent,  yield  an  emerald-green 
solution,  and  are  decomposed  by  heat,  giving  off  bromine  and  leaving  uranous  oxide. 

Uranic  Oxybromide^  U^O'Br^  or  Bromide  of  Uranyl^  (X7*0*)''Br*,  is  pro- 
duced by  treating  uranous  oxide  with  bromine  and  water,  or  by  dissolving  uranic  oxide 
in  hydrobromic  acid,  and  evaporating.  It  forms  yellow  needles,  which  have  a  styptic 
taste,  give  off  water  and  become  orange-yellow  when  heated ;  and  at  a  stronger  heat, 
in  contact  witli  the  air,  give  off  hydrobromic  acid  and  bromine,  and  leave  uranic  oxide. 
They  deliquesce  in  the  air,  and  their  solution  gives,  with  ammonia,  a  precipitate  of 
uranic  hydrate.    (Berthemot,  Ann.  Ch.  Phys.  [3],  xliv.  387.) 

inUURrZUlMCff  CBZiORZSBB  of.  Uranium  forms  a  dichloride  and  an  oxy- 
chloride,  analogous  to  the  bromine-compounds  just  described,  also  a  snbchloride 
analogous  to  the  suboxide. 

The  Subchloride^  U^Cl*,  obtained  by  strongly  igniting  the  dichloride  in  hydrogen-gas, 
forms  a  coarsely  fibrous,  dark-brown,  slightly  volatile  mass.  It  dissolves  easily  in 
water,  but  the  purple  solution  is  quickly  converted  into  uranous  chloride,  with  evolution 
of  hydrogen  and  deposition  of  a  red  powder.  Ammonia  throws  down  the  hydrated 
suboxide. — According  to  Rammclsberg,  a  brown  snbchloride,  U'CP,  is  formed  by 
heating  the  dichloride  in  ammonia-gas. 

The  Bichloride^  or  Uranous  chloride^  U  CI*,  is  formed,  with  vivid  incandescence, 
by  burning  metallic  uranium  in  chlorine-gas ;  also  by  igniting  uranous  oxide  in  hydro- 
chloric acid  gas.  It  is  prepared  by  passing  chlorine  over  an  intimate  mixture  of 
charcoal  and  either  of  the  oxides  of  uranium,  strongly  heated  in  a  tube  of  very  re- 
fractory glass.  It  crystallises  in  dark-green  regular  octahedrons,  which  have  a 
metallic  lustre,  and,  when  heated  to  rodness,  volatilise  in  rod  vapours,  and  form  a  sub- 
limate. It  is  very  deliquescent,  fumes  strongly  on  exposure  to  the  air,  and  dissolves 
easily  in  water,  with  a  hissing  noise  and  great  rise  of  temperature,  forming  a  dark 
emerald-green  solution,  which,  when  evaporated  in  a  vacuum,  leaves  an  amorphous, 
green,  deliquescent  mass  of  uranous  chloride ;  but  when  evaporated  by  heat,  gives  off 
hydrochloric  acid,  and  leaves  a  residue  soluble  in  water  (probably  an  oxychloride). 
The  solution  of  uranous  chloride,  when  boiled,  gives  off  hydrochloric  acid  and  deposits 
a  very  finely-divided  brown  powder.  When  the  same  solution  is  dropped  into  boiling 
water,  the  whole  of  the  uranium  is  precipitated  as  uranous  hydrate.  Alkalis  also 
throw  down  uranous  hydrate.  The  solution  of  uranous  chloride  is  a  powerful  do- 
oxidising  agent,  reducing  gold-  and  silver-salts,  completely  converting  ferric  chloride 
into  ferrous  chloride,  &c. 

Dry  uranous  chloride  ignited  in  hydrogen-gas,  gives  off  a  fourth  of  its  chlorine,  and 
is  reduced  to  U*C1«. — Dry  ammonia-gas  converts  it,  at  ordinary  temperatures,  into  the 
compound  3UCP.2NH*;  at  a  red  heat,  reduction  takes  place,  and  the  snbchloride  is 
produced. 

Uranic  Oxychloride,  or  Chloride  of  UranylfV^O-CW — When  dry  chlorine- 
gas  is  passed  over  uranous  oxide  at  a  red  heat,  the  tube  becomes  filled  with  an  orange- 
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whf-roby  it  is  converted  into  uranoso-uninic  oxide,  U'O' ;  bat  to  obtains  perfectly  definite 
re!»ult,  and  prevent  further  oxidation  daring  cooling,  it  is  necessary  to  put  the  corer 
on  the  crucible  while  the  substance  is  still  red-hot,  and  keep  it  there  till  the  crucible 
is  quite  cold.  The  oxide  thus  obtained  contains  84*90  per  cent,  of  uranium.  An 
accurate  result  is  likewise  obtained  by  igniting  the  sesquioxide  in  an  atmosphere  of 
hydrogen,  whereby  it  is  reduced  to  protoxide  containing  88*24  per  cent.of  the  metaL 

If  the  uranic  sc^ution  contains  a  considerable  quantity  of  an  earth  or  a  fixed  alkali, 
the  precipitate  formed  by  ammonia  carries  down  with  it  a  certain  portion  of  the  earth 
or  alkali,  to  free  it  from  which  it  must,  before  ignition,  be  redissolved  in  hydrochlonc 
acid,  and  reprecipitated  by  ammonia. 

From  the  alkali-metals,  uranium,  in  the  state  of  uranic  salt,  is  separated  by  tfm« 
mania,  attention  being  paid  to  the  precaution  just  mentioned.  A  method  of  separating 
uranic  oxide  from  alkalis,  founded  on  the  solubility  of  uranic  silicofluoride  in  alcohol, 
« is  given  by  Stolba  (Zeitschr.  anal.  Chem.  iii.  71  ;  Jahresb.  1864,  p.  718). 

From  barium  it  is  separated  by  sulphuric  acid ;  from  strontium  and  calcium^  also 
by  sulphuric  acid  with  addition  of  alcohol. 

From  magnesium,  manganese,  cobalt,  nickel,  and  zinc,  these  metals  beingin 
tho  state  of  protoxide,  and  the  uranium  in  the  state  of  sesquioxide,  il  is  separated  by 
precipitation  with  carbonate  of  barium. — From  zinc,  cobalt,  and  nickel  it  may  also 
be  separated  by  mixing  the  solution  of  the  chlorides  with  excess  of  sodic  acetate,  and 
pasf<ing  a  rapid  stream  of  sulphydric  acid  into  the  boiling  liquid :  the  zinc,  cobalt,  and 
nickel  are  then  completely  precipitated,  while  the  whole  of  the  uranium  remains  dis- 
solvt-d.     (Gibb s,  Sill.  Am.  J.  [2],  xxxix.  58 ;  Jahresb.  1865.  p.  727.) 

From  iron  it  is  separated  by  carbonate  of  amnumia,  both  metals  being  in  the  state 
of  sesquioxide ;  the  uranic  oxide  then  dissolves,  while  the  ferric  oxide  remains  undis- 
solved. Care  must,  however,  be  taken  that  the  carbonate  of  ammonia  be  really 
monocarbonate,  quite  free  from  excess  of  carbonic  acid,  otherwise  the  iron  will  also  be 
dissolretl.  To  ensure  this  condition,  the  carbonate  of  ammonia  must  be  previously 
boiled,  and  the  solution  of  the  oxides,  if  acid,  must  be  neutralised  with  ammonia  till  a 
slight  permanent  precipitate  begins  to  form  :  the  solution  should  then  be  diluted  with 
water.  The  uranic  oxide  is  separated  from  the  filtrate  either  by  boiling,  or  by  super- 
saturation  with  hydrochloric  acid  and  precipitation  by  ammonia. 

From  aluminium,  uranium  is  abo  separated  by  carbonate  of  ammonia^  and  with 
greater  facility. 

From  cadmium,  copper,  lead,  tin,  and  all  other  metals  whose  salts  are  inso- 
luble in  dilute  acids  (Group  i.  Analysis,  i.  217),  uranium  is  separated  by  tulphydric 
acid;  from  chromium,  in  the  same  manner  as  iron  is  seperatod  from  that  metal 
(i.  945);  and  from  vanadium,  tungsten,  molybdenum,  and  tellurium,  by  sul- 
phide of  ammonium,  in  which  the  sulphides  of  the  last-named  metals  are  soluble. 

For  the  methods  of  separating  uranium  from  niobium,  tantalum,  and  titanium,  see 
those  motals  (iv.  61  ;  v.  664,  839). 

Volumetric  Estimation. — Acid  manganic  phosphate,  added  to  an  acid  solution  of 
ammonio-uranic  acetate,  forms  a  yellowish-white  precipitate,  which,  when  the  precipi- 
tation is  quite  complete,  changes  its  colour  to  yellowish  rose-red  (from  formation  of 
basic  manganic  phosphate).  The  reaction  may  be  applied  to  the  Tolumetric  estima- 
tion of  uranium,  by  dissolving  1  to  1^  grm.  of  the  uranium-compound  in  dilute  nitric 
or  in  nitromuriatic  acid,  supersaturating  with  ammonium-carbonate,  tben  diluting  the 
solution,  and  adding  excess  of  acetic  acid,  till  the  liquid  is  made  up  to  a  litre.  If 
phosphoric  or  arsenic  acid  is  present,  the  uranium  must  first  be  precipitated  by  sul- 
phide of  ammonium.  The  normal  solution  of  manganic  phosphate  is  prepared  by 
strongly  heating  syrupy  phosphoric  acid  with  finely-divided  manganic  oxiae,  till  a 
dark-blue  colour  is  produced,  diluting  to  such  a  degree  that  1  grm.  of  uranium  shall 
correspond  to  30  cubic  centimetres,  and  titniting  with  pure  uranous  or  uranie  oxide. 
(Ouyard,  Bull.  Soc.  Chim.  1863,  p.  89;  Jahresb.  1863,  p.  692.) 

Bolouhebcr  (Bull.  Soc.  Chim.  1867i  i.  494)  estimates  uranium Tolumetrically  by 
means  of  potassic  permanganate,  the  uranium-salt  being  previously  brought  to  the 
minimum  of  oxidation  by  treatment  with  zinc  and  sulphuric  acid. 

5.  Atomic  Weight  of  ITrantttwi.— P^ligot,  in  1842  (Ann.  Ch.  Fharm.  xlii. 
141),  determined  the  proportion  of  chlorine  contained  in  uranous  chloride,  UCl*,  by 
precipitation  with  nitrate  of  silver.  Two  experiments  gave  39*1  and  37'2  per  c«nt. 
chlorine,  therefore  60*9  and  02'8  per  cent,  uranium.  The  latter,  regarded  by  P^igot  as 
the  more  correct,  gives: 

U     -    S;:*.71     -     1190. 

The  analysis  of  uranic  acetate,  U-0=(C«H'0«,MIS0,  made  bv  Peligot,  in  1845  {ibid. 
Ix.   183)  gave  U   «   1200  and  1201.     Wcrtheim  (J.  pr.  Chem.  xxix.  209).  by 
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takes  up  oxygen  from  the  vatcr,  and  is  converted  into  a  greeniA-jMow  hydnie^-widA, 
in  contact  with  the  air,  oxidises  further  to  uranous  hydrate. 

ITranoiu  Oxide*  UO. — This  oxide,  formerly  mistaken  for  the  metal,  is  obtained 
by  exposing  uranoso-uranic  oxide,  U'O*,  mixed  with  charooal-powd«r,  bollock's  blood, 
or  oil,  to  the  sU-ongest  heat  of  a  blast-furnace ;  by  heating  the  same  oxide  to  redncw 
in  a  current  of  dry  hydrogen  ;  by  igniting  uranic  oxalate  in  a  close  resael,  or  (bcttpj") 
in  a  current  of  hydrogen  ;  or  by  igniting  potassio-uranic  chloride  (p.  943)^  either  alou 
or  in  hydrogen. 

Uranous  oxide   obtained   by  the  last-mentioned  process   forms,    after  irashing,  s 
metallically  lustrous  powder  composed  of  microscopic  regular  octahedrons,  translucput 
with  red-brown  colour  on  the  edges  (Arf  vedson).    That  which  is  prepared  from  the 
oxalate  is  a  ciunamon-brown  or  copper-red  metallically  lustrous  powder,  of  ^>ra&: 
gravity  1016  (P^ligot;  Ebelmen);    that   prepared  by   reducing  uranoso-uranic 
oxide  with  charcoal  is  an  iron-grey  powder,  consisting  of  feebly  Instrona  microsco[»c 
needles  (Bucholz).    When  a  solution  of  ammonium-uranate  m  hydrochloric  acid  is 
evaporated  with  sal-ammoniac  and  common  salt,  the  remaining  mass   heated  in  a 
covered  crucible  till  the  sal-ammoniac  volatilises  and  the  sodium-chloride  melts,  and 
the  soluble  salts  washed  out  with  water,  uranous  oxide  remains  in  the  form  of  a  black 
crystalline  powder  (Wo  hi  or).     The  black  anhydrous  oxide  is  also  formed  by  boiling 
uranous  hydrate  with  water. 

Uranous  oxide  easily  passes  to  a  higher  state  of  oxidation,  the  compact  cxystallina 
variety,  however,  less  rapidly  than  the  finely -divided  oxide;  that  prepared  finom  the  oxa- 
late at  not  too  strong  a  heat  is  oven  pyrophoric.  Uranous  oxide,  when  heated,  bunu 
with  a  glimmering  light,  and  is  converted  into  uranoso-uranic  oxide. 

Uranous  hydrate  is  precipitated  &om  uranous  salts  by  caustic  alkalis,  in  bulk? 
red-brown  flocks,  which  retain  a  portion  of  alkali  after  washing  with  cold  water,  and 
turn  black  on  boiling. 

Uranous  oxide,  after  ignition,  is  insoluble  in  dilute  hydrochloric  or  Bulphnrie  acid, 
but  dissolves  in  strong  sulphuric  acid.  The  hydrate  dissolves  easily  in  acids,  forming 
uranous  salts.   (For  the  reactions  of  those  salts,  see  p.  943). 

Vranoso-uranio  Oxide,  U'O*  —  UO.U*0'. — This  oxide  forms  the  principal 
constituent  of  pitchblende.  It  is  obtained  artificially  by  igniting  the  metal  or  uranous 
oxide  in  contact  with  the  air  ;  by  heating  uranous  oxide  to  redness  in  an  atmosphere  of 
aqueous  vapour ;  and  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  is  a 
dark-green  velvety  powder,  of  specific  gravity  7*1  to  7*3.  When  ignited  alone  it  is 
reduced  to  the  bUck  oxide,  U*0*;  by  ignition  in  hydrogen,  or  with  sodium,  charcoal,  or 
sulphur,  it  is  reduced  to  uranous  oxide. 

Pitchblende  sometimes  occurs  in  regular  octahedrons,  or  combinations  of  the 
octahedron  with  the  cube  and  rhombic  dodecahedron,  but  more  generally  massive  and 
botryoidal.  Hardness  =  6'6.  Specific  gravity  =  6*468 — 8.  Lustre  submetallic  or 
greasy  to  dull.  Colour  greyish,  greenish,  brownish-red,  or  velvet-black.  Streak 
brownish-black  or  olive-green,  a  little  shining.  Opaque.  Fracture  conchoi'dal,  imeven. 
It  contains  from  70  to  90  per  cent,  uranous  oxide,  togetherwith  sulphur,  lead,  arsenic, 
antimony,  bismuth,  iron,  manganese,  cobalt,  magnesium,  calcium,  carbonic  acid,  phos- 
phoric acid,  silica,  and  sometimes  traces  of  fluorine  (Earn  m  els  berg's  ikftn^ro/ciinRir, 
p.  1 75).  It  occurs,  accompanying  various  ores  of  lead  and  silver,  at  Johanngeorgen- 
stadt,  Marienberg,  and  Schneeberg  in  Saxony,  at  Joachimsthal  and  Przibram  in  Bohe- 
mia, aud  at  Ketzbanya  in  Hungary.  It  is  associated  with  uranite  at  Tincroft  and 
Tolcarn  near  Redruth  in  Cornwall,  and  at  Adrianople  in  Turkey. 

Uranoso-uranic  oxide  and  ground  pitchblende  are  used  for  producing  a  very  perma- 
nent black  colour  under  the  glaze  of  porcelain. 

Uranoso-uranic  oxide  is  but  little  acted  upon  by  dilute  hydrochloric  op  sulphuric 
acid ;  but  those  acids,  when  concentrated,  dissolve  it  without  alteration ;  by  nitric 
acid  it  is  dissolved,  and  oxidised  to  uranic  nitrate.  A  solution  of  uranoso-uranic  acid 
in  hydrochloric  or  sulphuric  acid,  diluted  with  water  and  mixed  with  ammonia,  yields 
a  grey-green  precipitate  of  uranoso-uranic  hydrate,  which,  if  precipitated  in  the 
cold,  dissolves  easily  and  without  alteration  in  dilute  acids,  but  is  decomposed  by 
carbonate  of  ammonium,  which  dissolves  out  uranic  oxide,  leaving  brown  uranous 
hydrate.  On  mixing  the  solution  of  uranoso-uranic  oxide  in  sulphuric  acid  with  alco- 
hol, uranous  sulphate  separates  out,  while  uranic  sulphate  remains  dissolved.  The 
solution  of  uranoso-uranic  oxide  in  hydrochloric  acid  is  decomposed  in  the  same 
manner  on  addition  of  sulphuric  acid  and  alcohol.  Hence  it  would  appear  that  the 
solutions  of  uranoso-uranic  oxide  in  acids  are  mixtures  of  uranous  and  uranic  salts,  a 
view  which  is  likewise  in  accordance  with  their  other  reactions. 

A  black  oxide  of  uranium,  U*0»  or  2U0.U«0*,  is  produced  by  subjecting 
mnnic  nitrate  or  uranate  of  ammonium  to  intense  ignition,  op  by  strongly  igniting 
nranous  oxide  prei>arod  by  Wohler's  method  in  contact  with  the  air.     This  oxide 
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18  regarded  by  P^ligot  and  Drenkmaiin  aa  a  diatmet  oomponnd ;  aoeording  to 
Kammelsberg  and  Ebelmeii,  on  the  other  hand,  it  is  onlj  a  mixture  of  green  uranoso*^ 
uranic  oxido  with  uranie  oxide.  If  not  too  dense,  it  is  oxidised  bj  prolonged  ignition 
in  contact  with  the  air.  With  acids  it  behaves  in  the  same  manner  as  the  groon  oxide. 
The  black  colour  produced  upon  porcelain  in  the  manner  above  mentioned,  probably 
consists  of  this  oxide. 

Vtanio  Oxide*  or  Mde  of  mranyl,  U«0»  «  (U^O*)"©.— Uranium  and  its 
lower  oxides  dissolve  in  nitric  acid,  with  evolution  of  nitric  oxide,  and  formation  of 
uranit^  nitrate  ;  and  when  this  salt  is  heated  in  a  basin  till  it  begins  to  decompose,  and 
then  to  250^  in  a  glass  tube,  as  long  as  acid  fumes  continue  to  escape,  pure  uranic 
oxido  remains  in  the  form  of  a  chamois-yellow  powder.  When  ammonio-uraniccar- 
l)onate  (i.  797),  or  uranic  hydrate,  is  heated  for  some  time  to  300^,  uranic  oxide  re- 
mains as  a  brick-red  powder,  according  to  Ebelmen ;  according  to  Malaguti,  however, 
the  oxide  prepared  by  heating  the  hydrate  always  retains  a  certain  quantity  of  water. 
Uninic  oxide,  when  heated  to  redness,  gives  o£f  oxygen  and  leaves  green  uranoso-uranic 
oxido. 

Uriinic  hydrate  cannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalis, 
inasmuch  ns  the  precipitate  always  carries  down  alkali  with  it.  Pure  uranic  hydrate 
may  be  obtained  : — 1.  By  heating  uranic  nitrate  contained  in  a  covered  vessel  in  the 
Kind-bath  as  long  as  nitric  acid  is  given  off;  uranic  hydrate  then  remains,  mixed  with 
basic  nitrate,  from  which  it  may  be  freed  by  boiling  with  water  (Berzelius). — 2.  A 
solution  of  uranic  nitrate  in  absolute  alcohol  is  evaporated  at  a  moderate  heat  till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  aldehyde,  and  other  vapours  are  given 
oif  with  violent  intumescence,  and  a  spongy  yellow  mass  remains,  which,  when  washed 
with  boiling  water,  leaves  uranic  hydrate  (Malaguti,  Compt  rend.  xvi.  851  J. — 8.  By 
cxp<j>sing  recently  precipitated  and  still  moist  uranoso-uranic  hydrate  to  the  air  (Ebel- 
men).— 4.  By  boiling  ammonio-uranic  carbonate  with  water,  and  leaving  the  powder 
thereby  separated  (which  contains  about  2  per  cent,  ammonia)  for  some  time  under  an 
imperfectly  closed  bell-jar  (Drenkroann). — 6.  By  fusing  uranoso-uranic  oxide  with 
chlorate  of  potassium,  and  boiling  out  the  fused  mass  with  water. 

The  hydrate  obtained  by  either  of  these  processes  contains,  when  dried  in  the  air 
at  ordinary  temperatures,  11*66  per  cent,  water,  agreeing  with  the  formula  U'0'.2HK). 
In  a  vacuum  at  ordinary  temperatures,  or  at  100®  in  the  air,  it  gives  off  half  its  water, 
leaving  the  monohydrate,  U-0'.H*0,  which  contains  6'1 1—6*28  per  cent,  water  (by 
calculation,  5*88  per  cont^)  (Ebelmen  ;  Malaguti).  According  to  Drenkmann,  the 
dihydrate  prepared  by  the  last  two  processes  does  not  give  off  the  half  of  its  water 
till  heated  to  160". 

The  monohydrate  has  a  lemon-yellow  colour,  inclining  to  orange-yellow,  and  a  specific 
gravity  of  5*92.  It  is  permanent  in  the  air,  and  does  not  absorb  carbonic  acid. 
According  to  Ebelmen,  it  gives  off  all  its  water  at  300^;  but  according  to  Malaguti,  it 
still  retains  two-thirds  of  its  water  at  400**,  and  when  more  strongly  heated,  gives  off 
oxygen  as  well  as  water.     At  a  red  beat  it  is  reduced  to  uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  salts  (p.  943). 

Uranates. — Uranic  oxide  unites  with  basic  metallic  oxides,  forming  salts  called 
uranates.  The  uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  oarth-motals  and  heai^  metals,  b^  precipitating  a 
mixture  of  a  uranic  salt  and  a  salt  of  the  other  metal  with  ammonia,  or  by  igniting 
a  double  carbonate  or  acetate  of  uranium  and  the  other  metal  (calcio-uranic  acetate, 
for  example)  in  contact  with  the  air.  The  uranates  have,  for  the  most  part,  the 
composition  M*0.2UH)*.  They  are  yellow,  insoluble  in  water,  soluble  m  acids. 
Those  which  contained  fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white 
heat,  the  uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide ;  the  mass  obtained  by  this  last  method  easily  takes  fire  in  contact  with 
the  air. 

^Ur  an  at  f  nf  Ammonium  \9  precipitated  from  uranic  salts  by  ammonia,  as  a  yellow 
powder,  which  is  slightly  soluble  in  pure  water,  quite  insoluble  in  water  containing  sal- 
ammoniac,  is  not  decomposed  at  100°,  but  at  higher  temperatures  gives  off  nitrogen, 
ammonia,  and  water.  This  salt  sometimes  occurs  in  commerce  as  a  fine  deep  yellow 
colour,  calle<i  "  uranium-yellow.*'  It  is  easily  prepared  by  adding  chloride  or  sulphate 
of  ammonium  to  a  boiling  solution  of  sodium-uranato  as  long  as  ammonia  and  ammo- 
nium-carbonate are  given  off,  washing  the  resulting  precipitate,  and  drying  it  at  a  gentle 
heat  (Anthon,  Ding.  pol.  J.  clvi.  211).  This  salt,  when  heated  to  redness,  leaves 
pure  uranoso-uranic  oxide,  and  may  therefore  servo  as  the  raw  material  for  tlio  prepa- 
ration of  other  uranium-compounds. 

Uranate  of  Barium,  Ba0.2U*0*,  obtained  by  precipitation,  as  above  described, 
is  yellowish-red  or  orange-yellow,  and  when  ignited  in  hydrogen,  leaves  an  iuflamma- 
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ble  mixture  of  uranoso-aranic  oxide  and  baryta. — The  calcium'Salt  is  obtained  in  a 
Rimilar  manner.  Many  natural  uranium-ochrcB  consist  of  this  compound,  and  in  that 
case  do  not  give  off  any  oxygen  at  a  red  heat. — The  lead-salt,  Pb0.2U*O",  obtained 
by  precipitation,  or  by  repeatedly  boiling  carbonate  of  lead  with  fresh  quantities  of 
uranic  acetate,  is  yellowish-red,  becoming  brown-red  by  moderate  ignition  ;  when  heated 
in  a  pottery-furnace  it  becomes  straw-yellow  without  undergoing  reduction,  and  is  Chen 
difficult  to  dissolve  in  acetic  acid;  when  ignited  in  hydrogen,  it  leaves  a  pyrophoric 
mixture  of  uranous  oxide  and  metallic  lead  (Wertheim). — The  magnesium -salt, 
Mg0.2U*0',  obtained  by  igniting  magnesio-uranic  acetate,  is  a  yellow-brown  powder. 

The  potcusium-salt,  K*0.2U*0'.3H'0  (Patera),  is  prepared  by  precipitating  a 
uranic  salt  with  excess  of  caustic  potash;  or  by  igniting  potassio-uranic  carbonate  or 
acetate ;  or  by  fusing  uranic  oxide  with  excess  of  potassium-carbonate,  and  washing  out 
with  water.  When  prepared  in  the  wot  way,  it  is  a  light  orange-yellow  powder;  wh^n 
obtained  by  ignition,  yellowish- red.  It  is  partially  reduced  by  hydrogen,  yielding  a 
mixture  of  uranoso-uranic  oxide  with  a  more  basic  uranate  of  potassium  (Berzelius; 
Wertheim).  Uranate  of  potassium  may  also  be  prepared  from  pitchblende  in  the 
same  manner  as  the  sodium-salt  (infra).  An  orange-coloured  potassium-uranutc  is 
produced  by  precipitating  a  solution  of  potassio-uranic  carbonate  in  carbonate  of 
potassium  with  caustic  potash,  and  is  prepared  on  the  large  scale  by  roasting  pitch- 
olonde,  with  subsequent  addition  of  crude  potash  and  saltpetre  (Wysocki,  l>ingl. 
pol.  J.  civ.  306). — An  acid  salt,  K'0.6U*0'.6H*0,  is  produced  by  fusing  acid  uranic 
sulphate  with  chloride  of  potassium  ;  and  remains,  on  lixiviating  the  fused  mass,  as  a 
yellow  powder  composed  of  microscopic  rhombic  prisms.  It  becomes  brick-red  by 
prolonged  heating,  and  silver-grey  at  a  white  heat,  m  consequence  of  the  conversion  uf 
the  uranic  into  uranoso-uranic  oxide.    (Drenkmann.) 

The  silver-salt,  obtained  by  precipitation,  or  by  boiling  argento-uranic  acetate 
with  water,  is  a  red  powder  which  decomposes  when  heated  above  100^. 

Sodium-salts. — The  normal  salt,  Ka^O.U'O',  obtained  like  the  potassium -salt,  is 
yellow,  and  exhibits  characters  similar  to  those  of  the  potassium-salt  By  fusing  it 
with  sodium-chloride,  and  lixiviating  with  water,  another  salt  is  obtained,  probably 
Na'O.U'O't  in  yellow  six-sided  tables,  mixed  with  a  small  quantity  of  uranoso-uranic 
oxide  (Drenkmann).  By  fusing  uranic  nitrate  with  sodium-chloride,  and  lixiviating 
the  cooled  mass,  an  acid  uranate  of  sodium,  Na*0.3U*0',  is  obtained  in  bronze-colourc<l 
nacreous  laminsD,  resembling  mosaic  gold,  and  made  up  of  microscopic  rhombic  tables. 
It  has  a  specific  gravity  of  6*91,  is  insoluble  in  water,  is  decomposed  only  at  a  white 
heat,  afterwards  appearing  silver-grey  by  reflected,  colourless  by  transmitted  light, 
and  containing  uranoso-uranic  oxide.    (Drenkmann.) 

The  normal  salt,  Na'0.2U*0',  is  much  used  for  imparting  a  yellowish  or  groeniMh 
colour  to  glass,  and  as  a  yellow  pigment  on  the  glazing  of  porcelain.  The  **  uranium- 
yellow  "  for  these  purposes  is  prepared  on  the  large  scale  by  roasting  100  ptif.  of 
finely-pulverised  pitchblende  (containing  45  per  cent,  uranoso-uranic  oxide)  with 
14  pts.  lime  in  a  reverberatory  furnace;  treating  the  resulting  uranate  of  calcium  with 
dilute  sulphuric  acid,  by  which  the  uranic  oxide  is  almost  completely  dissolved  ;  mix- 
ing the  green  solution  with  crude  sodium-carbonate,  by  which  the  uranium  is  precipi- 
tated, together  with  other  metals,  but  redissolved,  tolerably  free  from  impurities,  by 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid  as  long  as  effer- 
vescence ensues.  The  sodium-uranate  is  then  precipitated  as  a  hydrate,  which 
becomes  cr^'stalline  when  dry,  and  then  contains  Na'0.2U*0*.6H'0  (Patera,  J.  pr. 
Chem.  Ixi.  397 ).     Glass  coloured  with  uranium-yellow  is  highly  fiuorescent. 

An  orange-coloured  uranate  of  sodium  may  be  prepared  by  precipitating  a  8«:>Iution 
of  pure  sodio-uranic  carbonate  with  caustic  soda,  pressing,  drying,  and  pulveribing  the 
precipitate,  then  washing  it,  and  drying  it  again.     (Wysocki.) 

Uranate  of  Zinc  is  obtained  by  precipitating  a  mixture  of  uranic  acetate  ai.d 
£inc-acetit«  with  baryta-water,  or  by  precipitating  uranic  nitrate  with  metallic  xinc, 
being  then  deposited  on  the  metal  as  a  compact  yellow  coating.     (Wertheim.) 

mtAJilUMy  BUXVKXSBS  OF.  The  only  sulphur-compounds  nf  uranium 
hitherto  obtained  in  definite  form,  are  uranous  sulpliide,  US,  and  uranous  oxysulphido, 
U*S*0.     Uranic  sulphide,  U'S*,  is  not  known  with  certainty. 

Uranous  Sulvhide,  US,  is  produced  with  incandescence  when  metallic  uranium 
is  heated  in  sulphur-vapour  (Peligot);  quickly  also,  but  without  incandescence, 
when  uranous  chloride  is  heated  to  redness  in  sulphydric  acid  (Hermann).  As  thu«« 
pn>i)ared,  it  is  a  greyinh-black  amorphous  |K)wdor,  which  becomes  crystalline  when 
neated  to  whiteness  out  of  contact  with  air.  Uranous  sulphide  is  also  formetl  as  a 
black  precipitate  on  adding  sulphite  of  ammonium  to  a  solution  of  uranous  chloride  or 
nitrate  (Hermann).  When  exposed  to  moi.st  air,  it  gniduallv  gives  off  sulphydric 
acid,  and  is  converted  into  a  basic  sulphate;  when  heated  in  tne  air,  it  gives  off  sul- 
phurous oxide,  and  is  converted  into  uranoso-uranic  oxide.    It  is  not  decomposed  by 
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hot  hydrochloric  acid,  but  disBoWes  easily  in  the  concentrated  acid.    Chlorine  decom- 
poses it  mpidly ;  nitric  acid  conyerts  it  into  nranic  sulphate. 

When  an  oxide  of  uranium  is  ignited  in  a  mixture  of  carbonic  dioxide  and  carbonic 
disulphido,  the  higher  oxides  are  reduced  to  uranous  oxide,  but  the  latter  undergoes 
no  further  decomposition.  Uranous  oxide,  and  not  the  sulphide,  is  likewise  produced 
when  uranous  sulphate  is  heated  in  hydrogen-gas ;  or  when  a  mixture  of  uranous 
oxide  and  sodium-uranate  is  ignited  with  flowers  of  sulphur  and  sal-ammoniac ;  or 
when  uranous  sulphate  is  heated  with  persulphide  of  potassium.    (Hermann.) 

Uranous  Oxytulphide,  U'S*0  «*  2US.U0,  is  produced,  according  to  Hermann, 
when  uranous  or  uranoso-uranic  oxide  is  heated  to  bright  redness  in  yapour  of  carbonic 
disulphido. 

Uranic  Oxysulphide^  ot  Sulphide  of  Ifranyl/iB  precipitated,  according  to 
Kernel^  (Compt,  rend,  lyiii.  716),  by  sulphide  of  ammonium  firom  a  solution  of 
uranic  nitrate.  It  dissolycs  partially  m  cold  water,  forming  a  brown  solution,  which 
deposits  uranic  oxide  on  standing. 

Uranic  Sulphide  has  not  been  obtained  in  the  separate  state;  but  when  the 
precipitate  formed  by  sulphide  of  ammonium  in  uranic  salts  is  left  for  a  day  or  two  in 
the  liquid,  it  is  conyerted  into  a  blood-red  compound  containing  ammonium-sulphide ; 
and  this  compound,  when  treated  with  potash-ley,  yields  a  red  pulyerulent  body  contain- 
ing, according  to  Patera,  K«S.2U«S»  +  21(K*0.2U»0>.3H»0).  The  red  ammonium-com- 
pound treated  with  the  chlorides  of  sodium,  barium,  and  strontium,  yields  corresponding 
red  compounds  containing  those  metals.  When  boiled  with  Ume  or  magnesia,  it 
turns  black.     (Patera,  Ann.  Ch.  Pharm.  Ixxxvi.  254.) 

Syn.  with  Uracokisb  (infra). 

Uran-grun,  Uranochalcite. — These  names  are  applied 
to  certain  decomposition-products  of  uranium-ores,  occurring  thereon  in  small  spherical 
maffses,  or  in  fine  needle-shaped  crystals,  and  consisting,  according  to  Lindacker,  of 
uranoso-uranic  sulphate  mixed  with  calcic  and  cupric  sulphates. 

USAWZUM-MXCA.     Syn.  with  Ubamitb  (p.  040). 

UXAJIlUBt-OCBSS.  Uranochre.  Earthy  Hydruranite.  Uranite  terreux, — 
A  term  applied  to  yarious  earthy  uranium-minerals,  such  as  ochry  uranic  hydrate 
and  basic  uranic  sulphates,  occurring,  with  or  without  calcic  sulphate,  at  Joachims- 
thal ;  the  latter  are  also  called  Uraconite,  or  Zippeite, 

U&AHIU M-OXAVOa.  Orange-coloured  uranates  of  potassium  and  sodium 
(p.  948), 

mULlI  lU M-VXTSlOXk  A  basic  uranic  sulphate  containing  4*0  per  cent.  SO', 
79*0  U'O',  and  14*8  water,  occurring  in  lemon-yellow,  microscopic,  rhombic  prisms,  at 
Joachimsthal  in  Bohemia. 

IJSiljrzUM<*TB&&0'V.  A  term  applied  to  tiranate  of  sodium,  used  as  a  pig- 
ment, and  to  uranate  of  ammonium  (p.  948). 

Syn.  with  UuAKiUM-OBKEir. 

Syn.  with  Ubanium-ochub. 

A  term  applied  by  Hermann  (J.  pr.  Chem.  Ixxvi.  326)  to 
crystallised  pitchblende  firom  Norway,  containing  a  small  quantity  of  niobic  acid. 

inLAJfOFBAJTB.  A  mineral  consisting  of  hydrated  uranic  silicate,  together 
with  many  other  constituents,  found  in  amine  near  ICupferberg  in  Silesia.  (Handw.  d. 
Chem.  ix.  43.) 

Syn.  with  UnAinTB  (p.  940)« 

Syn.  with  Pitchblsndb  (p.  946). 

•    Syn.  with  Sakabskitb,  or  Ubamoniobatb  of  Yttbiitm 
AND  Iron  (iv.  66  ;  v.  186). 

UBAVTZi.  U'O^ — ^A  diatomic  tadicle,  which  may  be  supposed  to  exist  in  the 
uranic  compounds  (p.  942). 

USAO.  Tetrasodic  carbonate,  or  sesquicarbonate  of  soda,  Na^H'(C0')'.2H*0, 
occurring  at  the  bottom  of  a  lake  in  Maracaibo,  South  America  (i.  796). 

Syn.  with  Cubaba  (ii.  186). 
,    See  Umc  Aero  (p.  966). 

A  mineral  of  unknown  composition,  occurring  in  the  orthoclase  of 
Notteroe  in  Norway.  It  has  been  supposed  to  be  identical  with  monazite  (cerous 
phosphate);  but,  according  to  Forbes  and  Dahll  (J.  pr.  Chem.  Uri.  446),  it  crys- 
tallises in  triclinic  forms,  whereas  monazite  is  monoclinic 
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COH*N'.  Urhe,  Harnstoff.  Urenaxyd-ammoniak, — ^This  sabstance,  iso- 
meric with  ammonium-cyanate  and  with  carbamide,  and  forming  the  chief  organic  con- 
stituent of  human  urine,  was  first  obtained,  in  an  impure  state,  as  ExlracCum  mpty- 
naceum  uriruB^  by  K  on  ell  e  the  younger,  in  1773,  and  alt«rwaTd8  prepared,  in  a  state  of 
greater  purity,  by  Fourcroy  and  Vauquelin,  in  1799.  WohJer,  in  1828  (Pogg. 
Ann.  xii.  253;  zv.  61 9),  obtained  it  by  molecular  transformation  of  ammonium-cyanate, 
and  it  has  been  further  examined,  chiefly  by  Liebig  and  Wohler  {ihid,  xx.  372), 
Dumas  (Ann.  Ch.  Fhys.  [2],  xlir.  273),  Pelouzo  {ibid,  [3],  vi.  65),  Marchand 
(J.  pr.  Chem.  xxxiv.  248;  xxxv.  481),  Werther  {ibid,  xxxy.  51),  Hcintz  {Vnd. 
xlii.  401),  and  Millon  (Ck>mpt.  rend.  zxti.  119). 

Urea  is  contained  in  the  urine  of  all  mammiferous  animals,  especially  in  that  of  the 
flesh -eaters;  in  smaller  quantity  also  in  that  of  birds  and  of  reptiles;  and  in  tho 
reual  secretions  of  some  auimads  of  tho  lower  orders.  It  is  found  in  small  quantity 
in  the  blood  of  man  and  of  other  animals  in  tho  state  of  health  ;  sometimes  als<j  in 
the  perspiration,  in  the  amniotic  liquid,  in  morbid  exudations,  and  even  in  tho  tissues. 
It  forms  an  essential  constituent  of  the  vitreous  humour  of  the  eye  (about  30  per 
c«nt.  of  tho  solid  substance,  according  to  Millon),  and  has  lately  been  found  by 
Wurtz  (Ann.  Ch.  Pharm.  xcnii.  287)  in  the  chyle  and  lymph  of  various  animals.  Its 
presence  in  the  animal  economy  is  due  to  the  transformation  of  tho  tissues  undfr  the 
influence  of  oxygen  absorbed  in  respiration ;  it  is,  in  fact,  the  last  term  in  the  series  of 
organic  products  of  oxidation  of  the  nitrogenous  tissues. 

Urea  is  produced  artiflcially: — 1.  By  the  spontaneous  transformation  of  ammonium- 
cyanate.  A  solution  of  this  salt,  when  recently  prepared,  exhibits  tho  react ionh  of 
cyanic  acid ;  but  when  heated,  or  left  to  evaporate,  it  is  converted  into  urea.  Sulpho- 
cynnate  of  ammonium  heated  with  oxide  of  silver  is  flrst  converted  into  cyanate  of 
ammonium,  and  then  into  urea. — 2.  From  cyanamidc,  CN^H'',  by  assumption  of  1  at. 
water,  the  change  taking  place  on  adding  a  drop  of  nitric  acid  to  the  aqueous  solution. 

3.  It  is  obtained  as  a  product  of  the  decomposition  of  many  organic  bodies  of  com- 
plex constitution :  ^.y.,  of  creatine,  guanine,  uric  acid,  allantoin,  &c. 

Urea  is  commonly  regarded  as  identical  with  carbamide,  ^'  ]   h«      '    '^^^  cunM>- 

quently,  the  processes  which  give  rise  to  this  latter  compound  are  generally  spok(>ii  of 
as  modes  of  formation  of  urea.  Such  are  the  reactions  of  gaseous  ammonia  on  chlo- 
ride of  carbonyl,  of  aqueous  ammonia  on  ethylic  carbonate  (i.  752),  and  the  divmn- 
position  of  oxamide  by  heating  with  mercuric  oxide  (Williamson,  3f(rmi»md-  du 
Congrh  aeient\f,  de  Venise,  1847) : 

N^c^o^yn*  +  Hgo   =   N»(co)'ii*  +  co»  +  Hg. 

Oxamide.  Carbamide. 

But  urea,  though  it  exhibits  most  of  the  characters  of  an  amide,  especially  in  WAnf^ 
resolved  into  carbonic  acid  and  ammonia  by  the  action  of  acids  and  alkalis,  nevertht'lcsM 
does  not  appear  to  react  like  an  amide  under  all  circumstances.  Thus,  it  has  bf*<'U 
lately  shown  by  Wanklyn  and  Gamgee  (Chem.  Soc.  J.  xxi.  25),  that  urra,  wlun 
heated  with  a  groat  excess  of  potassium-permanganate  in  presence  of  much  caustic 
potash,  gives  off  the  whole  of  its  nitrogen  in  the  form  of  nitrogen-gas  ;  whereas,  wht'U 
ammoniimi-salts  and  amides  are  similarly  heated,  tho  whole  of  the  nitrogen  is  ozidiisi'd 
to  nitric  acid.    Hence  Wanklyn  and  Gamgee  roganl  urea  as  constituted  differently 

f(Nnr 

from  carbamide,  and  represent  it  by  the  formula  C<  Nli*  ,  which  is  that  of  marsh- 

(  OH 
gas  having  2  at.  hydrogen  replaced  by  imidogcn,  one  by  amidogen,  and  the  fourth  by 

hydroxyl.    Carbamide  may  be  represented  on  tho  same  tvpo  as  C  -  Nil',  and  C3'aijat« 

IWparatifm  of  Urea. — 1.  From  urine. — The  urine  is  evaporated  to  drjTiessover  tho 
water-bath  ;  the  residue  is  exhausted  with  alcohol ;  the  solution  again  evaporaUxl ;  and 
the  residue  exhausted  with  absolute  alcohol:  thercsulting  solution  yields,  by  evaiwrnit  ion, 
slightly  coloured  urea. — Or  urine  concentrated  by  cvnnoration,  or  by  leaving  it  to  friK-z*", 
is  treated  with  nitric  or  oxalic  acid,  which  throws  down  a  precipitate  of  nitrate  or 
oxalate  of  urea.  The  oxalate  ma^  be  drcomposed  hy  chalk,  which  forms  insoluble 
calcic  oxalate,  leaving  tho  urea  m  solution  (Berzclins).  The  nitrate  of  urf>a  is 
decomposed  in  aqueous  solution  by  c^irbonate  of  barium  or  potassium ;  the  gn-atir 
part  of  tho  resulting  nitrate  of  barium  or  potassium  is  removed  by  evaponitiou  ami 
ciystallisation ;  and  tho  urea  remaining  in  solution  is  purified  by  repcatea  cr}'stallitfa'- 
tion  from  alcohol. 
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2.  From  cyanate  of  ammoniam. — ^The  artificial  preparation  of  urea  from  this 
salt  yields  a  much  better  product  than  the  preparation  from  orine.  Cyanate  of  potas- 
sium is  decomposed  by  sulphate  of  ammonium,  and  the  resulting  sulphate  of  potassium, 
which  is  very  little  soluble  either  in  water  or  in  alcohol,  is  separated  from  the  urea 
formed  by  transformation  of  the  ammonium-cyanate,  which  is  Teiy  soluble  in  both  liquids. 

The  following  methods  give  good  results : — a.  A  mixture  of  28  pts.  dry  and  pul- 
verised ferrocyanide  of  potassium  and  14  pts.  manganese-peroxide  is  heated  on  an 
iron  plate ;  the  solution  obtained  by  exhausting  the  mass  with  cold  water  is  mixed 
with  20^  pts.  dry  sulphate  of  ammonium ;  the  liquid  is  decanted  fSrom  the  precipitated 
sulphate  of  potassium ;  and  the  remaining  portion  of  that  salt  is  removed,  as  feir  as 
possible,  by  evaporation  and  coolinff.  The  solution  is  then  evaporated  to  dryness,  and 
the  urea  is  extracted  from  the  residue  by  boiling  alcohol  (Liebig). — /9.  Cyanide  of 
potassium,  prepared  by  melting  8  pts.  of  the  dehvdrated  ferrocyanide  with  3  pts. 
carbonate  of  potassium,  is  convertea  into  cyanate  by  adding  16  pts.  minium  to  the 
melted  mass.  This  salt  is  then  dissolved  out  by  water ;  the  solution  is  mixed  with 
8  pts.  sulphate  of  ammonium ;  the  sulphate  of  potassium  is  removed  as  before ;  the 
filtered  liquid  is  evaporated  to  dryness ;  and  the  residue  is  exhausted  with  boiling 
alcohol  (Clomm,  Ann.  Ch.  Fharm.  IxvL  882).  The  alcoholic  solution  of  urea  obtained 
by  either  of  these  methods  fluently  contains  a  certain  portion  of  undecomposed 
ferrocyanide,  which,  however,  may  be  easily  removed  by  careful  addition  of  ferroso- 
ferric  sulphate. — 7.  According  to  J.  Williams  (Chem.  Soc.  J.  xxi.  64),  a  better  and 
more  abundant  product  is  obtained  by  digesting  cyanate  of  lead,  at  a  gentle  heat,  with 
an  equivalent  quantity  of  ammonium-sulphate,  and  evaporating  the  filtered  liquid. 

Properties, — From  a  pure  aqueous  solution,  urea  generally  crystallises  in  long 
flattened  prisms  without  terminal  fSsces ;  but  when  the  alcohohc  mother-liquors, 
still  containinff  a  few  impurities,  are  left  to  evaporate,  the  urea  is  obtained  in 
slightly  yellowish  quadratic  prisms,  terminated  by  octahedral  faces.  Frequently  the 
combination  ooP  .  P  .  oP  is  found  at  only  one  extremity  of  the  prism.  Angle  ooP  : 
ooP  «  90°;  ooP  :  P  -  139° ;  P  :  P  -=  82°  ;  ooP  :  oP  -  90°.  Urea  has  a  cooling 
taste,  like  that  of  saltpetre.  It  dissolves  in  its  own  weight  of  cold  water,  in  all  pro- 
portions of  hot  water,  and  is  also  very  soluble  in  alcohol  (in  5  pts.  of  cold  and  1  pt. 
of  boiling  alcohol),  but  nearly  insoluble  in  ether.  It  melts  at  120°,  and  decomposes  ut 
higher  temperatures. 

Decompositions. — 1.  Under  various  drcumstances  urea  takes  up  water,  and  is  re- 
solved into  carbonic  anhydride  and  ammonia: 

COH^«  +  HK)     -     C0»  +   2NH». 

This  decomposition  takes  place  when  urea  is  heated  with  ttxiter  in  sealed  tubes  to 
temperatures  above  100° ;  or  when  it  is  boiled  with  potash,  lime,  or  magnesia,  or 
warmed  with  strong  suipkuric  acid,  or  evaporated  with  solution  of  lead-acetate ;  also 
under  the  influence  of  oi^one,  in  presence  of  free  alkali  (Gorup-Besanez,  Ann.  Ch. 
Pharm.  cxxv.  307);  also  by  dectrolysis,  (Schlagdenhauffen,  J.  Pharm.  [3], 
xliv.  100.) 

2.  In  many  cases  urea  gives  up  only  half  its  nitrogen  in  the  form  of  ammonia,  the 
other  half  taking  the  form  of  cyanic  or  cyanuric  add : 

COH<N«     e     COHN  +  NH«. 

Thus  a  solution  of  urea  evaporated  with  nitrate  of  silver,  yields  cyanate  of  silver  and 
nitmto  of  ammonium  (Won ler  and  Liebig). — Urea  heated  wiUi  phosphoric  anhif- 
dride  yields  phosphate  of  ammonium  and  cyanic  acid,  together  wiUi  cyanuric  acid, 
amraolide,  &c. — Urea  heated  alone  to  150° — 170°  is  converted  into  biuret  and  cyan- 
uric acid : 

2C0H«N«     -     C»0«H»N«  +  NH«. 

Urea.  Biuret. 

3C0H*N«     -     C«0«H»N«  +  3NH*. 
Urea.  Cjanuric 

acid. 

But  if  the  temperature  be  kept  down  to  a  few  degrees  above  the  melting-point,  a  white 
amorphous  residue  is  obtain^,  consisting,  according  to  Gerhardt  (IVaiti,  i.  406),  of 
melanurenic  acid  (Gerhardt's  ammeline) : 

4C0H*N«     «     C«0«H<N«   +  C0»  +   4NH». 
Urea.  Melanurenic 

acid. 

Urea  heated  to  145°— 160°  with  phenol  also  yields  biuret,  together  with  phenato  of 
ammonium.     (Baeyor,  Ann.  Ch.  Pharm.  cxxxi.  251.) 

Ilydrochlorate  of  urea  heated  to  1 45°  yields  chloride  of  ammonium  and  cyanuric  acid. 
(De'Vry,  Ann.  Ch.  Pharm.  Ixi.  249.) 
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by  cnrbonate  of  sodimiL  2  toIb.  urine  are  mixed  ▼ith  1  vol.  of  a  baryta-solution  pre- 
parted  with  2  rols.  baryta-water  saturated  in  the  cold,  and  1  vol.  of  a  solution  of 
barium -nitrate  also  saturated  in  the  cold ;  the  liquid  is  filtered  from  the  precipitated 
sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mercuric  nitrate  is 
added  to  a  measured  quantity  of  this  filtered  liquid  (about  16  c  c)  till  a  sample  taken 
out  gives  a  yellow  precipitate  with  carbonate  of  sodium.  It  is  convenient  to  dilute 
the  mercuric  solution  to  such  a  degree  that  1  cubic  centimetre  of  it  shall  correspond  to 
0*01  grm.  of  urea. 

Bunsen's  method  and  that  of  Ragslgr  and  Heintz  give  very  exact  results ;  those 
obtained  by  Millon's  and  Neubauer's  methods  are  less  satis&ctory.  Liebig^s  volume- 
tric method  is  easy  and  quick  of  execution,  and  the  results  are  very  exact,  when  cer- 
tain necessary  corrections  are  made.     (See  Urime,  p.  966.) 

Compounds  of  Urea. 

a.  With  Acids. — Hydrocklorate  of  urea,  C0H*N'.HC1,  is  produced,  with  evolu- 
tion of  heat,  by  the  action  of  hydrochloric  acid  sas  on  urea.  The  product  is  a  yellow 
oil,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  is  decomposed  by  water,  and 
even  by  moist  air,  and  is  resolved  by  heat  (at  145^)  into  sal-ammoniac  and  cyanuric 
acid  (p.  952). 

Nitrate,  COH*N*.HNO*. — This  salt,  the  most  characteristic  of  the  urea-com- 
poundH,  is  moderately  soluble  in  water,  but  only  very  slightly  soluble  in  nitric  acid. 
Hence  a  cr)'8talline  precipitate  is  obtained  on  adding  nitric  acid  to  moderately  dilute 
solutions  of  urea,  and  a  concentrated  solution  solidifies  with  nitric  acid  to  a  crystalline 
pulp.  Nitrate  of  urea  separates  in  these  precipitations  in  shining  laminae,  which 
appear  under  the  microscope  as  rhombic  or  hexagonal  plates,  the  acuter  angle  of 
which  a»  82^.  By  slow  evaporation,  or  by  cooling  of  a  warm  aqueous  solution,  it  is 
sometimes  obtained  in  well-defined  prisms.  It  is  more  soluble  in  hot  than  in  cold 
water,  and  dissolves  also  in  alcohol.  It  is  decomposed  by  heat  (at  about  140^),  and 
detonates  when  suddenly  heated. 

Oxalate,  2C0H*N*.C0*H*.— This  salt  separates  in  thin  ciystallino  laminae,  mostly 
groupt>d  in  tufts,  when  a  solution  of  urea  is  mixed  with  a  concentrated  solution  of 
oxalic  acid.  It  dissolves  easily  in  hot  water,  less  easily  in  cold  water,  still  less  in 
alcohol :  it  is  precipitated  from  its  aqueous  solution  by  excess  of  oxalic  acid. 

According  to  Loschmidt  (Wien.  Akad.  Ber.  li  ^2],  7>  384),  oxalate  of  urea  crys- 
tallises in  roonoclinic  usually  tabular  prisms,  exhibiting  the  combination  [  ooPoo  ]  . 
oP  .  ooP.  [ooP2]  .  [Poo],  +P.  +2F00.  Axes  a:  A:  c  «  1  :  0-56415  :  0*49062. 
Angle  b:c  ^  S2?  10';  fooPoo]  :  ooP  »  112®  12';  oP :  +  2Poo  =  119°  4'; 
ooP  :    +  2Poo   -   134®  16.     The  crystals  cleave  perfectly  parallel  to  +  2Poo  . 

The  crystalline  forms  of  several  other  urea-salts  have  also  been  examined  by 
Loschmidt  (Wien.  Akad.  Ber.  Hi.  [21,  238;  Jahresb.  1865,  p.  667).— Theytt/rtaro^*, 
2C0H«N».C*H'0\  acid  maieate,  COH«N«.C*H«0*,  neutral  maUaU,  2C0H*N«.C'H*0\ 
acid  malafe,  COH*N».C*H«0»,  and  succinate,  2C0H«N«.C*H»0«,  crystaUise  in  mono- 
clinic  form.^ ;  the  gallate,  COH*N*.C'H*0*,  in  monoclinic  but  nearly  rectangular 
prisms ;  the  parabanate,  COH«N«.C«H«NH)*,  and  the  tartrate,  2C0H*N'.C«H»0«.  in 
rhombic  forms ;  and  the  citrate,  2C0H^'.C'H*0',  in  shining,  six-sided,  tridinic 
prisms. 

/3.  With  Metallic  Oxides. — On  adding  moist  silver-oxide  to  a  solution  of  urea,  a 
grey  powder  is  deposited,  made  up  of  fine  needles,  and  containing  2COH*N'.3Ag-0. 

Mercuric  nitrate  added  to  a  solution  of  urea  mixed  with  potash,  forms  a  white  precipi- 
tate containing  C0H*N'.2Hg0. — Mercuric  chloride  forms  in  the  same  solution  a  white 
precipitate,  2COH*N'.3HgO,  which  turns  yellow  in  boiling  water.  On  adding  mer- 
curic oxide  to  a  warm  solution  of  urea,  the  compound  COH^N^HgO  appears  to  be 
produccnl. 

y.  With  Salts. — A  solution  saturated  in  the  cold  with  equivalent  quantities  of  urea 
and  sodium-chloride,  yields,  on  evaporation,  shining,  well-developed,  monoclinic  prisms 
of  the  compound  C01I*N*.NaCl.H*0. — A  boiling  very  concentrated  aqueous  solution 
of  1  at.  sodium-nitrate  mixed  with  1  at^  urea,  deposits,  on  cooling,  long  prismatic  crystals 
of  the  compound  C0H*N'.NaN0*.H*0.  Urea  likewise  forms  crystallisable  compounds 
with  the  nitrates  of  potassium,  calcium,  and  magnesium,  chloride  of  cadmium,  and 
mercuric  chloride. 

With  nitrate  of  silver,  urea  forms  the  two  compounds,  C0H*N*.AgN0'  and 
C0H*N*.2AgN0*.  The  former  is  obtained  in  large  rhombic  prisms,  when  solutions 
of  urea  and  silver-nitrate  are  mixed  together,  either  cold  or  warm.  The  second  sepa- 
rates in  prismatic  crystals,  by  evaporation  in  a  vacuum,  from  a  solution  containing  an 
excess  of  the  silver-salt. 

8.  With  Nitric  Anhydride  and  Mercuric  Oxide.— Mercuric  nitrate  added  to 


954  UREIDES— URIC  ACID. 

a  nolution  of  uroa  forms  a  white  precipitate,  the  composition  of  which  varies  according 
to  circumstances.  When  the  two  solutions  are  dilute,  and  mixed  while  warm,  the 
flocculent  precipitate  formed  at  first  quickly  changes  to  a  white  granular  powder 
containing  2COH^N'.N'0*.4HgO.  When  a  solution  of  silver-nitrate  is  poured  into  a 
solution  of  urea  as  long  as  a  precipitate  is  formed,  and  this  precipitate  is  exposed  for 
some  time  to  a  temperature  of  40® — dO®,  it  is  transformed  into  a  mass  of  six-sided 
shining  laminae,  consisting  of  2COH*N'.N'0*.3HgO.  Lastly,  when  a  solution  of 
nitrate  of  urea  is  mixed  with  an  acid  solution  of  mercuric  nitrate  till  turbidity  ensues, 
the  liquid  deposits,  on  standing,  crystalline  crusts  made  up  of  small  tabular  crystals  of 
the  compound  COH<N».N«0».2HgO.    (Liebig.) 

The  composition  of  these  three  compounds  is  not  yet  definitely  fixed ;  it  is  not  known, 
indeed,  whether  they  contain  mercuric  oxide  and  nitrate  of  urea,  or  urea  combined 
with  mercuric  nitrate  and  mercuric  oxide. 

Subatitution-derivatives  of  Urea, — Compound  Ureas, 

Those  bodies  have  already  been  described  as  carbamidcs  (i.  753).  They  must,  how- 
ever, be  regarded  as  derivatives  of  urea,  not  of  carbamide,  if  carbamide  and  urea  are 
really  distinct  compounds ;  for  those  which  contain  acid  radicles  are  produced  by  the 
action  of  acid  chlorides  upon  urea  itself;  and  those  containing  alcohol-radicles  are 
obtained  by  processes  exactly  analogous  to  those  which  yield  normal  urea — vis.,  by 
the  action  of  ammonia  on  cyanic  ethers,  or  of  amine* bases  on  cyanic  acid  or  cyanic 
ethers.  Corresponding  derivatives  of  carbamide  might  be  produced  by  the  action  of 
amines  on  phosgene  or  on  carbonic  ethers,  but  the  reaction  does  not  appear  to  have 
been  tried. 

Ureas  containing;  two  atoms  of  alcohol-radicle  are  likewise  formed  by  the  action  of 
water  on  cyanic  etners,  an  amine  being  produced  in  the  first  instance,  and  then  Com- 
bining with  the  rest  oi  the  cyanic  ether ;   thus : 

Cq(C«H»)N  -h  H«0     -     C0»  +  (C«H»)H«N. 

Bthyllc  BthyUunine. 

cyAOftto. 

CO(C*H»)N  +  (C«H»)H«N     -     COH«(C«H*)«N«. 
EUiyllc  Dictbjlurea. 

cysnate^ 

Diothylurea  is  also  produced  by  distilling  the  oily  body,  C'H*'N*0',  formed  by  tho 

action  of  potash  on  cyanuric  ether  (ii.  293): 

C»H"N«0»     -     CO(C«H»)N  +   COH«(C«H»)«N». 

Ethylie  Oiethylure*. 

cyanate. 

polymeric  ureas  containing  ethylene  are  produced  by  the  action  of  cyanic  acid  or  the 
cyanic  ethers  on  ethylene-diamines  (ii.  595): 

(C?H*)"H«NHn«   +  2C0AgN    -    2AgCl  +  CK)«H«(C«H«)'N«. 

Chloride  of  ethy-  Cyanate  of  Ethylene-urea. 

l«>ne-dlaininoDiuin.  diver. 

The  properties  and  reactions  of  the  compound  ureas  are  analogous  to  those  of  urea 
itself.  They  mostly  crystallise  in  deliquescent  prisms,  easily  soluble  in  water  and  in 
alcohol.  They  form  crystallisablo  compounds  with  nitric  acid,  but  on  the  whole  do 
not  unite  with  acids  so  easily  as  normal  urea.  Those  which  contain  only  1  aL 
alcohol-radicle  are  resolved  by  heat  into  cyanic  acid  and  an  amine-base.  Dimethyl- 
urea  and  diethylurea  are  volatile  without  decomposition ;  or,  rather,  they  are  repro- 
duced, during  the  distillation,  by  tho  combination  of  the  products  (cyanuric  ether  and 
ethylamine,  for  example)  resulting  from  their  decomposition  in  the  earlier  stage  of  tho 
pn)cess. 

USBIBB8.  Compounds  containing  the  elements  of  a  urea-salt  minus  water.  (See 
Ubic  Acid,  p.  958.) 

UJtaT.    This  name  has  been  applied  to  the  group  CH'KO,  which,  by  subatitation 

OTf 'NO  ) 

for  1  at.  hydrogen  in  ammonia,  may  be  supposed  to  form  uroa,      n,     >N,  and  by 

■ubstitution  for  2  at.  hydrogen, biuret,  ^^^j^^^' }  N  (i.  600). 

Syn.  with  Aittlic  Cabbaieatb. 
A  name  first  applied  to  ethylie  carbamate,  afterwards  extended 
to  all  carbamic  ethers  (i.  750). 

Svn.  with  Mbthti.ic  Cabbaxate. 
C'N*1I*0'.    lAthic  acid.     Hamsiiurt. — This  important  a*id  was 
discovered  by  8c heel o  in  1776,  but  was  first  submitted  to  a  minute  examination  by 
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Lieb  ig  and  Wohlor  in  1838  (Ann.  Ch.  Fbamu  zxvi.  241).  Its  reactions  and  trans- 
funnations  have  also  been  examined  by  Bragnatelli  (Ann.  Ch.  Phjrs.  [21,  viii. 
201),  who  diHcoTered  alloxan ;  by  Front  (Ann.  Phil.  xiy.  363),  who  discovered  mur- 
cxide;  further  by  Gregory  (Ann.  Ch.  Pharm.  xxxiii.  334;  Ix.  267),  Schlieper 
(ihid.  Iv.  262;  Ivi.  1;  Ixvii.  231),  Pelouzo  (Ann.  Ch.  Phys.  [3],  ri.  71),  and,  more 
enpocially  of  late  years,  by  Baeyor  (Ann.  Ch.  Pharm.  cxxvii.  199 ;  cxxx.  120  ;  cxxxv. 
312 ;  Jabresb.  1863,  p.  621 ;  1864,  p.  632 ;  1865,  p.  362),  who  has  discovered  a  con- 
siderable number  of  new  derivatives  of  uric  acid,  and  given  the  most  complete  and 
connected  account  of  the  uric  acid  group  of  compounds  yet  published. 

Uric  acid  is  a  product  of  the  incomplete  oxidation  of  animal  tissue.  In  combination 
cliicfly  with  ammonia,  it  forms  the  principal  urinary  constituent  voided  by  insects, 
land-rcptiles,  and  birds  (whence  it  is  found  in  guano).  Normally  it  occurs,  but  in 
small  proportion,  in  the  urine  of  man,  and  is  found  in  yet  smaller  proportions  in  that  of 
carnivorous  quadrupeds,  and  can  scarcely  be  said  to  exist  in  that  of  herbivorous  and 
omnivorous  quadrupeds. 

According  to  various  authorities,  it  is  constantly  present  in  the  juices  of  tbo 
human  spleen,  liver,  lungs,  and  brain.  The  merest  traces  of  it  are  also  met 
with  normally  in  blood;  but  in  certain  forms  of  disease,  such  as  albuminaria,  and  more 
especially  gout,  its  proportion  in  the  blood  becomes  very  appreciable.  In  certain 
casi>8  of  gout,  indeed,  all  the  fluids  of  the  body  are  found  more  or  less  saturated  with 
uric  acid,  and  some  of  them  even  supersaturated,  so  as  to  deposit  the  concretions  of 
sodium -urate,  commonly  known  as  cnalk-stones.  Lastly,  the  excess  of  it,  occurring 
under  greater  or  less  derangement  of  bodily  health,  is  frequently  discharged  by  the 
kidneys,  and  deposited  in  the  form  of  uriniunr  sediment,  gravel,  or  calculus. 

No  artificial  method  of  produdng  uric  acid  has  yet  been  discovered. 

Preparation. — The  best  material  for  preparing  uric  acid  is  the  excrement  of  serpents. 
This  substance,  which  consists  chiefly  of  ammonium-urate,  is  boiled  with  dilute 
potash  or  soda-ley,  till  completely  dissolved ;  and  the  filtered  solution  is  supersaturated 
with  hydrochloric  or  dilute  sulphuric  acid,  whereby  the  xiric  acid  is  thrown  down  as  a 
flocculent  gelatinous  precipitate,  which  soon  becomes  crystalline.  Potash  is  better 
adapted  for  the  purpose  than  soda,  because  urate  of  potassium  is  much  more  soluble 
than  urate  of  sodium. 

Uric  acid  may  also  be  prepared  from  guano,  by  boiling  that  substance  with  a  dilute 
solution  of  borax  (1  pt.  borax  to  120  pts.  water),  whereby  a  solution  of  sodium-urate  is 
obtained,  and  precipitating  with  hydrochloric  acid. 

ProperiUs. — Uric  acid  precipitated  by  hydrochloric  acid  is  anhydrous,  and  forms 
small  perfectly  white  crystalline  scales.  When  slowly  deposited  from  dilute  solu- 
tions, it  sometimes  separates  in  large  crystals  containing  C*H*N*0'.2II^.  It  is  nearly 
insoluble  in  toaier,  1  pt.  of  it  requiring  15,000  pts.  of  cold  and  1,800  pts.  of  boiling 
water  to  dissolve  it ;  in  alcohol  and  ether  it  is  quite  insoluble.  Concentrated  sul- 
phuric  acid  dissolves  itabyndantly  when  heated,  and  the  solution,  on  cooling,  deposits 
a  very  deliquescent  compound,  containing  C*N*H*0'.4S0*H*,  according  to  Frit  zsche  ; 
C*N^H<0».2S0*H«,  according  to  Lowe  (Bull.  Soc.  Chim.  1867,  i.  442).  Water  added 
to  the  solution  precipitates  the  uric  add. 

Decompositions. — 1.  Dry  uric  acid,  when  heated,  decomposes  without  melting,  giving 
off  hydrocyanic  acid,  yielding  a  sublimate  of  cyanuric  add,  cyanate  of  ammonium, 
urea,  and  carbonate  of  ammonium,  and  leaving  a  carbonaceous  residue. — Uric  acid 
heated  with  water  for  some  time  to  180^,  undergoes  a  decomposition,  the  chief  product 
of  which  is  mycomelic  add  (Hlasiwetz,  Ann.  Ch.  Pharm.  ciii.  211) : 

C*N*H*0«     -     C*N*H«0»  +   CO. 

An  alkaline  solution  of  uric  acid  boiled  for  a  considerable  time  yields  uroxanic  acid, 
together  with  formic  acid,  oxalic  acid,  and  urea. — 3.  Uric  add  fused  with  hydrate  of 
potassium,  gives  off  ammonia,  and  loaves  a  residue  containing  oxalate,  carbonate,  and 
cyanate  of  potassium. 

4.  Dry  uric  acid  is  not  attacked  by  dry  chlorine  at  ordinary  temperatures,  but  when 
heated  in  the  gas,  it  is  decomposed,  yielding  cyanic  acid  together  with  other  products. 
When  chlorine  acts  upon  uric  acid  in  presence  of  water,  alloxan  and  parabanic  acid 
are  produced  in  the  first  instance,  ana  ultimately  carbonic  acid,  oxalic  acid,  and  am- 
monia. According  to  L.  Hardy  (Ann.  Ch.  Phys.  [4],  ii.  372),  uric  acid  suspended 
in  water  is  converted  by  bromine,  at  ordinary  temperatures,  into  alloxan  and  urea : 

C»N^H*0«   +   Br«   +   2n«0     =     C«N'H«0*   +   CN«H'0   +   2HBr. 

If  the  mixture  becomes  heated  during  the  reaction,  parabanic  acid,  oxalic  acid,  and 

bromide  of  ammonium  are  likewise  produced.    Chhrine  and  iodine  act  in  like  manner. 

Most  oxidising  substances  convert  uric  acid  into  alloxan  or  jiarabanic  acid ;  when 

boiled  with  footer  and  peroxide  of  had,  it  yields  allantoin.— With  chlorous  acid,  it 
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yields,  according  to  Schiel  (Ann.  Ch.  Phann.  cxii.  78),  a  chlorinated  add  called 
ohloraluric  acid  (i.  SSA).— Ozone  is  quickly  absorbed  hj  nric  acid,  forming  allaa- 
toin  and  urea,  together  with  other  products  (G-orup-Beaanex,  ilfid.  ex.  483). 
Uric  acid  boiled  with  a  solution  of  patauium-ftrricyanide  containing  caustic  potash, 
yields  carbonate  of  potassium  and  allantoin,  part  of  which  is  ultimatelj  eonrerted  into 
lantanuric  acid  and  urea. 

Detection  and  Estimation, — Uric  acid  may  bo  recognised  by  ita  insolubility  ii 
water  and  in  hydrochloric  acid,  and  by  its  ciTstalline  character  under  the  microscope 
(generally  rhombic  tables  with  the  obtuse  angles  rounded  ofE,  and  often  associated  with 
dumbbell-shaped  crystals*),  and  especially  by  its  reaction  with  nitrie  aeid.  Ob 
moistening  it  with  nitric  acid,  and  evaporating  at  a  gentle  heat,  a  yellow  or  reddish 
residue  is  obtained,  which  assumes  a  fine  riolet-red  colour  when  treated  with  ammonia, 
and  violet-blue  with  potash  (murexide  and  purpurate  of  potassium,  iy.  748).  Another 
yery  delicate  reaction  is  given  by  Schiff  (Ann.  Ch.  Pharm.  cix.  65).  The  nric  arid 
is  dissolved  in  carbonate  of  todium^  and  a  drop  of  the  solution  is  liud  on  paper  mois- 
tened with  8Uver-9olution  ;  if  uric  acid  is  present,  a  brown  spot  is  formed,  carbonate  of 
silver  being  reduced  by  uric  acid  at  ordinary  temperatures. 

For  the  quantitative  estimation  of  uric  acid  in  urine,  the  liquid  is  mixed  with 
hydrochloric  acid,  and  left  to  stand  for  twenty-fotir  hours,  and  the  pulverulent  deposit 
of  uric  acid  is  weighed.     (See  Ubine,  p.  967). 

Urates. — Uric  acid  is  dibasic.  Its  salts  are  but  sparingly  soluble  in  water,  much 
more  easily  in  alkaline  liquids,  especially  when  heated,  freely  soluble  also  in  solntioos 
of  borax.  They  have  been  examined  chiefly  by  Bensch  (Ann.  Ch.  Fharm.  Hy.  189; 
Ixv.  181). 

Acid  urate  of  ammonium^  C*N*H*(Nfl*)0',  is  produced  whenever  uric  acid  and 
ammonia  come  in  contact,  and  usually  forms  a  white  amorphous  mass,  but  is  deporited 
in  fine  needles  A:Y>m  a  solution  containing  excess  of  ammonia.  It  dissolves  in  1,800  pt& 
of  cold  water.  This  salt  occurs,  together  with  free  uric  aeid,  in  the  excrements  of 
birds  and  serpents.    The  neutral  ammonium-salt  is  not  known. 

Potasaium-salts, — The  neutral  salt,  C*N*H*K*0*,  is  obtained  by  saturating  a 
cold  dilute  solution  of  potash,  free  from  carbonate,  with  uric  acid,  and  boih'ng  down 
the  solution  in  a  retort.  At  a  certain  degree  of  concentration,  the  salt  is  deposited  in 
fine  anhydrous  needles,  which  may  be  purified  by  decanting  the  clear  liquid  and 
washing  with  dilute  alcohol.  It  dissolves  in  44  pts  of  cold  and  35  pts.  of  boiling 
water ;  the  solution  is  slowly  decomposed  by  boiling.  The  salt  has  a  caustic  taste, 
and  quickly  absorbs  carbonic  acid  from  the  air. — The  acid  salt,  0*N*H*KO*,  is  preci- 
pitated in  a  granular  form  on  passing  carbonic  acid  gas  through  a  solution  of  the 
neutral  salt.  It  dissolves  in  800  pts.  of  cold  and  in  about  80  pts.  of  boiling  water, 
from  which  solution  it  is  deposited,  on  cooling,  in  amorphous  flocks. 

There  are  two  urates  of  sodium — ^the  neutral  salt,  containing  C*N*EPNa*O'.H*0 
and  the  acid  salt,  C*N*H*NaO*.    Both  are  less  soluble  than -the  corresponding  potas- 
sium-salts. 

Urate  of  Lithium  is  more  soluble  than  any  of  the  other  alkaline  urates:  hence 
lithia-water  is  sometimes  proscribed  to  gouty  patients,  and  others  who  suffer  from  a 
superabundance  of  that  acid. 

Urates  of  Barium.— 'the  neutral  salt,  C»N<H^a"0»,  is  obtained  by  adding  uric 
acid  to  a  boiling  saturated  solution  of  bar3rta,  keeping  the  latter  in  excess.  One  pt.  of 
it  dissolves  in  7,900  pts.  of  cold  and  1,790  pts.  of  boiling  water. — The  aeid  salt, 
C*^N"H*Ba"0*,  produced  by  boiling  uric  acid  with  water  and  carbonate  of  barium,  is  a 
white  powder,  insoluble  in  water  and  in  alcohol. 

Urates  of  Strontium. — These  salts  are  prepared  like  the  barium-salts. — The 
neutral  salt,  C»N*H'Sr"0*.2H«0,  appears  under  the  microscope  as  a  mass  of  fine 
needles  grouped  in  stars.  It  absorbs  moisture  from  the  air ;  gives  off  its  water  of 
crystallisation  at  166° ;  decomposes  at  170°;  dissolves  in  4,300  pts.  of  cold  and  1,790 
pts.  of  boiling  water.— The  acid  salt,  C"N»H«Sr"0«.2HH),  is  white,  amorphous,  inso- 
luble in  alcohol  and  in  ether.  One  pt.  of  it  dissolves  in  603  pts.  of  cold  and  276  pts.  of 
boiling  water. 

Urates  of  Calcium. — The  neutral  salt,  C*N*H*Ca''0«,  is  obtained  by  dropping  a 
solution  of  the  neutral  potassium-salt  into  a  boiling  solution  of  calcium-chloride  till  a 
permanent  precipitate  begins  to  form,  and  boiling  the  solution  for  an  hour;  urate  of 
calcium  is  then  deposited  in  anhydrous  grains,  soluble  in  1,500  pts.  of  cold  and  1,440 
pts.  of  boiling  water.— The  aciti  salt,  C>»N"H«Ca"0«.2H«0,  separates,  on  mixing 
chloride  of  calcium  with  a  boiling  solution  of  acid  urate  of  potassium,  as  an  amorphous 

•  Thefe  crjstals  have  been  lupposed  to  consiit  of  ammonium-ozalorate.  iMit  tbdr  nature  b«a  not 
been  exactlj  aace^Miued. 
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precipitate,  Bolable  in  603  pto.  of  cold  and  276  pts.  of  boiling  water,  much  more  soluble 
in  water  containing  chloride  of  potassium. 

Urate  of  Magnesium, — ^Tbe  neutral  salt  is  not  known. — The  acid  saltt 
C'*N*H*Mg"0*.6HK),  separates,  after  two  or  three  hours,  from  a  mixture  of  magne- 
sium-sulphate and  acid  potassium-urate,  in  silky  nodules,  which  often  float  at  the 
surface  of  the  liquid.  The  solution  of  these  nodules  in  boiling  water  deposits  needles, 
which  at  170®  give  off  19*2  per  cent,  water  of  crystallisation,  corresponding  to  rather 
less  than  5  at.  H^O. 

Urates  of  Copper. — The  cupric  salt  is  a  green  precipitate,  which  turns  brown 
when  boiled  with  water.  A  solution  of  uiic  acid  in  potash  produces,  in  an  alkaline 
cupric  solution,  a  white  crystalline  precipitate  of  cuprous  urate^  which  is  permanent  in 
the  air,  is  decomposed  by  hydrochloric  acid,  yielding  uric  acid  and  cuprous  chloride, 
does  not  undei^  any  alteration  in  hot  water  or  potash-ley,  but  when  boiled  with  the 
alkaline  cupric  solution,  is  converted  into  red  cuprous  oxide  (Berlin,  J.  pr.  Chem. 
Ixxxi.  184).  Babo  and  Meissner  (Jahresb.  1858,  p.  630)  havo  applied  this  reac- 
tion to  the  volumetric  estimation  of  uric  acid ;  but  the  result^  do  not  appear  to  be  very 
trustworthy. 

Urate  of  Lead,  C*"N"H»Pb"0*,  isobtaincd — ^by  dropping  a  dilute  solution  of  neutral 
potiissium-urate  into  a  boiling  dilute  solution  of  lead-nitr<ite,  separating  the  yellow 
precipitate  which  first  forms,  and  adding  a  fresh  portion  of  the  potassium -salt  to  the 
filtrate — as  a  white  amorphous  precipitate,  apparently  anhydrous,  and  quite  insoluble 
in  water  and  in  alcohol. 

Urate  of  Stiver  is  a  white  amorphous  precipitate,  which  quickly  suffers  reduction. 

Ethtlubic  Acids.  (Drygin,  Jahresb.  1864,  p.  630.) — Neutral  urate  of  lead 
heated  with  excess  of  ethylic  iodide  to  100^  for  24  hours,  or  to  120^  for  12  hours, 
yields — together  with  iodide  of  lead — two  ethylic  derivatives  of  uric  acid :  namely,  di- 
ethyluric  acid,  C*N<H«(C«H»)«0»,  and  triethyluricacid,  C*N*H(C«H»)«0>,  which 
mny  be  separated  by  cold  ether-alcohol,  the  latter  only  dissolving  therein. 

bieihyluric  acid,  the  most  abimdant  product  of  the  reaction,  dissolves  in  water  and 
in  alcohol,  but  not  in  ether,  remains  as  an  amorphous  mass  when  its  alcoholic  solution 
is  evaporated,  and  crystallises  from  hot  water  in  broom-shaped  groups  of  short  obtuse 
needles,  which  sublime  with  difficulty.  It  dissolves  in  cold  potash-ley,  and  is  preci- 
pitated therefrom  by  hydrochloric  acid,  in  amorphous  flocks  which  turn  red  after  some 
time.  It  is  decomposed  by  heating  with  dilute  hydrochloric  acid,  but  the  products 
have  not  been  examined.    Iodide  of  ethyl  converts  it  into  the  triethylated  compound. 

Triethyluric  acid  is  soluble  in  ether,  alcohol,  and  hot  water,  crystallises  in  small 
slender  needles,  melts  when  carefully  heated«  and  sublimes  very  easily.  It  dissolves 
in  potash,  and  is  precipitated  therefrom  by  hydrochloric  acid  in  white  needles.  When 
heated  with  hydrochloric  acid  it  ^vcs  off  gas,  and  yields  a  product  having  the  compo- 
sition, but  not  the  properties,  of  aiethyluric  acid. 


Products  formed  from  Uric  Acid  by  Oxidation^  ^r. 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxidising  agents, 
and  the  great  number  of  definite  and  crystallisablo  compounds  obtained  in  this 
manner,  or  by  treating  the  inunediate  products  of  oxidation  with  acids,  alkalis,  re- 
ducing agents,  &;e.  The  foUowin^s  a  list  of  the  principal  compounds  thus  produced : — 


Uric  acid   . 
l*8eudo-uric  acid 
Uroxanic  acid    . 
Alloxan 

Alloxan ic  acid  . 
Alloxantin 
Barbituric  acid  . 


C*N«H«0».H« 

C*N*H*0«.H 

C»N*H'»0».H» 

C»N*H<0'.3H«0 
C*N«H«0».H» 


Bromobarbituric  acidC*N*H»BrO>.H 
Dibromobarbituric ) 


acid 
Violuric  acid 
Dilituric  acid 
Violantin  . 
Dialuric  acid 
Uramil 


{ 


CWH'BrW 

C«N«H'0«.H 

C«N«H«0».H 

ON«H»0» 

C*N«H«0«.H 

C»N»HH)» 


Thionuric  acid 
Hydurilic  acid 
Allantoin 
Glycoluril 
Mycomelic  acid 
Oxaluric  acid 
Allanturic  acid 
Hydantoin    . 
Hydantoic  acid 
Allituric  acid 
Leucoturic  acid 
Parabanic  acid 
Dibarbituric  acid 
Murexide 
Mcsoxalic  acid 


C«N*H»0«.H 
C»N«H>0*.H 
C^*H>OMl 

C«N«H»0».II 
C^*H»0*.H 
C»N*H»0».H 

(WH»0« 
C»0»H« 


When  uric  acid  is  subjected  to  an  oxidising  agent,  in  presence  of  water,  it  gives  up 
two  of  its  hydrogen-atoms  to  the  oxidising  agent,  while  the  dehydrogenised  residue 
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(which  may  be  called  dehjdnrie  acid)  reacts  with  water  to  form  mesoxalic  acid 
and  urea: 


C»N*H20«  +   4H»0 

=      C»11«0*    +    5 

JCN-H^O. 

Oehjduiic 

Bletoxalie 

Urea. 

acid. 

acid. 

The  separation  of  the  urea  generally  takes  place,  however,  by  two  stages,  the  first 
portion  being  removed  more  easily  than  the  second ;  thus,  wlien  dilute  nitric  acid  nets 
upon  uric  acid,  alloxan  is  produced  ;  and  this,  when  heated  with  baryta-water,  is  fur- 
ther resolved  into  mesoxalic  acid  and  urea : 

C»N«H«0«  +   2H«0    =    C*N2H»0<   +  CN»H<0. 

Dehydurfc  Alloxan.  Urea, 

acid. 

C*N«H«0*  +   2H»0     =     CH'O*  +  CN«H«0. 

Alloxan.  Mesoxalic  Urea. 

acid. 

Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  ammonia  by  the 
action  of  the  acids  or  alkalis  present. 

Alloxan  is  amonureide  of  mesoxalic  acid — ^that  is  to  sa^,  it  is  a  compound  of  that 
acid  with  one  atom  of  urea  minus  2H'0  ;  and  the  hypothetical  dohyduric  acid  is  the 
diureido  of  the  same  acid,  derived  from  it  by  addition  of  1  at.  urea  and  subtraction 
of  4  at.  water.  Now,  by  hydrogenising  mesoxalic  acid,  we  obtain  tartronic  acid, 
C'lI^O*;  and  by  hydrogenising  alloxan,  wo  obtain  dialuric  acid,  which  two  bodittf, 
accordingly,  bear  to  uric  acid  the  same  relation  that  mesoxalic  acid  and  urea  boar  to 
dehyduric  acid :  thus — 

C*H»0*.        C'N^K)\        C»N*H«0». 

Mesoxalic  Alloxan.  Dfhydurio 

add.  acid. 

C«H*0».        C«N*H*0*.        C»N*H*0». 

Tartronic  Dialuric  Uric  add. 

acid.  acid. 

And  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid  and  alloxan,  so  should 
actual  uric  acid  yield  tartronic  and  dialuric  acids.  These  bodies,  however,  have  not 
been  obtained  by  the  direct  breaking-up  of  uric  acid,  but  only  by  leh^drogenising 
the  mesoxalic  acid  and  alloxan  which  result  from  the  breaking-up  of  its  (khydro- 
genised  producL 

Provisionally,  however,  dialuric  and  uric  acids  may  be  regarded  as  taitzon-ureide 
and  tartron-diureide,  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-defined  classes  of  com- 
pounds, to  one  or  other  of  which  an  immense  number  of  uric  acid  products  may  be 
referred.  First,  there  is  the  class  of  simple  non-nitrogenous  acids,  or  an-uroides, 
like  tartronic  and  mesoxalic  add ;  secondly,  there  is  a  class  of  bcKiies  containing  a 
residue  of  the  acid  plus  one  residue  of  urea — these  are  the  mon-ureides,  such  as 
dialuric  acid  and  alloxan ;  and,  lastly,  the  class  of  bodies  containing  a  residue  of  the 
acid  plus  two  residues  of  urea,  or  the  di-ureides,  such  as  uric  add  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  product  obtainable  directly 
from  uric  add,  constitutes  the  third  term  in  the  following  series : 

Afi'Ureides, 

CH*0",  Carbonic  add, 
C«H»0*,  Oxalic  add, 
C*H'0*,  Mesoxalic  add, 

each  of  which  contains  1  at.  carbonic  oxide,  CO,  more  than  the  preceding.  Now, 
when  mesoxalic  acid  is  acted  upon  by  nascent  oxygen,  its  excess  of  carbonic  oxide  is 
removed  in  the  furm  of  carbonic  dioxide,  and  it  is  thus  converted  into  oxalic  acid : 

C'H'O*  +   0     -     CO*  +  C*H«0*. 
Meaoxalic  Oxalic 

acid.  add. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that  which  suffices 
to  produce  mesoxalic  acid,  wu  obtain  oxalic  acid,  which  may  occur  either  in  its  simple 
anureido  state,  or  conjugated  with  1  at.  urea  to  furm  a  monureide,  such  as  para- 
banic  acid;  or  with  2  at.  urea  to  form  a  diureidc,  such  as  mycomelic  acid,  a  body 
related  to  oxalic  acid  just  as  uric  add  is  related  to  mesoxalic  acid. 

Ih  like  manner,  when  uric  add  is  subjected  to  a  still  more  powerful  oxidation  than 
saffic(«  to  produce  oxalic  acid,  we  obtain  carbonic  acid,  whicn,  like  oxalic  and  mes- 
oxalic acids,  is  also  capable  of  giving  rise  to  urcides.    No  urdde  of  carbonic  add 
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has,  indefd,  yet  been  formed  directly  from  nrie  add,  the  actire  treatment  required  fa 
efTect  the  complete  oxidation  of  the  uric  acid  producing  also  a  separation  from  ono 
another  of  the  resulting  carbonic  acid  and  urea,  which,  however,  may  bo  obtained  in 
combination  by  other  means.  AUophanic  acid,  for  instance,  is  a  monuroido  of 
carbonic  acid ;  but  no  diureide  of  this  acid  appears  to  hare  been  yet  produced. 

Alloxan,  the  monureide  of  m<»oxalic  add  above  mentioned,  is  rormed  from  mes- 
oxolato  of  urea  by  elimination  of  2  at  water;  but  there  is  another  monureide, 
namely  alloxanic  acid,  which  differs  from  the  original  salt  by  only  1  at  water. 
Similarly,  oxalic  acid  forms  two  monureides — namely,  parabanicacidorparaban, 
analogous  to  alloxan  ;  and  oxaluric  acid,  analogous  to  alloxanic  acid.  Carbonic 
acid,  however,  forms  but  a  single  ureide,  which  is  produced  by  the  elimination  of  only 
1  at.  water,  and  accordingly  belongs  to  the  same  series  as  the  oxaluric  and  alloxanic 
acids :  thus — 


Acids. 
CH«0»,    Carbonic. 

C«HK)\   Oxalic 


CHK)*,  Mesoxalic. 


Ureides, 
C^m*0\    Allophanic  add. 

J  C«N«H*0\     Oxaluric  add. 
}C«N«H«0>,    Paraban. 

JC*N*H*0»,    Alloxanic  add. 
}C*N«H«0*,    Alloxan. 


Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding  monureides 
by  elimination  of  one  atom,  and  others  by  elimination  of  two  atoms  of  water. 

Mesoxalic  acid,  as  already  obseired,  is  convertible,  by  dcoxidation  or  hydrogenation, 
into  tartronic  acid,  and  by  pushing  the  deoxidation  a  stage  farther,  malonic  acid  is 
obtained,  both  of  which  acias  are  capable  of  forming  monureides  and  diureides  ;  and, 
in  a  similar  manner,  oxalic  and  carbonic  adds  furnish  a  variety  of  similar  deoxida- 
tion-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group  thus  produced,  the 
most  important  arc  induded  in  the  following  table,*^  which  is  divided  perpendicularly 
into  three  columns  of  an-ureides,  mon-ureides,  and  di-ure:dcs,  and  horizontally  into 
three  layers  of  carbonic,  oxalic,  and  mesoxalic  products.  The  compounds  connected  by 
dotted  lines  differ  in  composition  from  one  another  by  an  excess  or  deficit  of  one  atom 
of  urea  minus  one  atom  of  water,  while  those  standing  on  the  same  level  in  the  ad- 
joining columns,  and  unconnected  by  dotted  lines,  differ  from  ono  another  by  an  excess 
or  deficit  of  ono  atom  of  urea  minus  two  atoms  of  water : — 


An-ureides, 
CH«0»,  Carbonic 


Mon-ureides, 
C«N*H*0»,  Allophanic. 


JH-ureides, 


C«N«H«0«,  Aceturea. 
.,-  "'C«N«H«0»,  Glycoluric 


C«H*0«,  Acetic.-"' 
C«H*0«,  Olycollic-' 
C«H*0*,  Glyoxylic 

C*H«0«,  GlyoxaHc- 
C«HK)«,  Oxalic  - " 


,'     y 


C«N«H*0«,  Hydantoin. '   ,-' 
,C»N«H*0»,  Lantanuric'' 
-  -  '  ',.C«N»HK)«,  Oxaluric 

C«N«HK)»,  Parabanic 


,C*N<H«0«,  GlyooluriL 
C^N*HH)»,  Allantoin. 


C*N«H<0«,  Mycomelic 


C«N«H«0«,  Barbituric 
C*N«H^O«,Dialuric... 
C*N«H<0»,  Alloxanic 
WH«0«,  Alloxan. 


C»N*H*0,  Hypoxanthinc 
C»N*H^O«,  Xanthine. 
C»N*H<0*,  Uric  acid. 
-  -  -  .C»N«HH)«,  Pseudo-uric 


C«H*0*,  Malonic 
C»H<0*,  Tartronic 

C*H»0»,  Mesoxalic 

Between  some  of  the  consecutive  monureides  shown  in  this  table,  there  exist  bodies 
formed  by  the  union  of  the  two  consecutive  monureides,  with  elimination  of  wuter. 
Such  is  the  mode  of  formation  of  alii turic  lantanuric,  and  hydurilic  acids, 
and  of  alloxantin;  thus: 


C^*H«0* 

AUituric 
acid. 


C«N«H<0«  +   C»N»H*0«  -  H"0. 

Hydantoin.  Lantanuric 

acid. 


*  Odling*t  **  Lectures  on  Animal  Chemlitry  **  (London,  18(i6)  p.  183. 
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C«N*H*0»     -     C»N«H«0«  +   C«N«H*0«  -  H«0. 

Leucoiuric  Lantanuric  Parnbanir 

acid.  ai'id.  acid. 

C»N*H-0«     «     C*N«H*0«  +   C*N«H«0*  «  H»0. 

Hjdurllic  BarbituHc  DUIuric 

acid.  acid.  acid. 

AUoxantin.  Dialuric  Alloxan. 

acid. 

All  the  compounds  above  formulated  are  described  in  their  alphabetical  places, 
except  barbituric  acid,  glycoluril,  glycoluric  acid,  and  some  derivatives  of  acetjlurea 
or  aceturcide. 

• 

1 .  Oxalic  Mon  ureides. — G  lycoluric  acid,  C*N'H*0*,  appears  to  bo  identical  with 
Baey  er*s  hydantoic  acid  (iii.  177). 

The  barium-salt  of  this  acid  is  produced,  together  with  urea,  by  heating  glycoluril 
(p.  961)  with  baryta-water: 

C«N«H*0«  +   2H«0     -     C«N«H»0»  +  CN«H«0. 

Gljrcolurii.  Glycoluric  Urea. 

acid. 

The  urea,  however,  splits  up,  in  presence  of  the  baryta,  into  carbonic  acid  and  am- 
monia, 80  that  carbonate  of  barium  is  deposited  and  ammonia  given  off. 

The  glycoluratc  of  barium  remains  in  solution,  and  by  decomposing  this  sol utivn 
with  dilute  sulphuric  acid  and  evapomtiug  tlie  filtrate,  glycoluric  acid  is  obtained  in 
transparent  cr\'8tals.  Its  dilute  solution,  treated  with  silver-oxide  in  excess,  yields  an 
alkaline  liquid,  which  gradually  deposits  a  silver-salt,  C'N'H*AgO*,  in  fine  pearly 
scales  and  warty  tufts  of  white  needles ;  on  acidulating  with  nitric  acid,  or  adding 
nitrate  of  silver,  the  pearly  scales  are  deposited  immediately.  (Rheineck,  Ann.  Cb. 
Pharm.  cxxxiv.  210.) 

Lantanuric  acid,  CN^H'O',  is  probably  identical  with  the  allantiiric  acid  of 
Pelouze  (i.  132),  and  with  diffluan  (li.  322). 

The  relations  of  lantanuric  and  oxaluric  acid  to  one  another,  and  to  another 
uric  acid  product  called  oxaluramide  (iv.  277)i  are  the  same  as  those  of  hydrogen 
and  water  to  ammonia : 

H.H,  hydrogen C"N«H"(H)OMantanuric  acid. 

H.HO,  water C»N«H»(HO)0»,  oxaluric  add. 

H.H-N,  ammonia      ....    C*N»H'(H-N)0*,  oxaluramide. 

Tribromacetylurea,  C»N«H»BHO»  =  CN«H«(C«Br"0)0,  is  deposited  from  a 
solution  of  dibromobarbituric  acid  saturated  with  bromine,  after  standing  fur  twelve 
liours,  or  more  quickly  on  agitation,  in  colourless  prismatic  needles : 

C*N«H»Br«0»  +   H«0   +   Br     -     C»N»U»Br«0«  +   C0«  +   HBr. 

.  The  same  compound  is  separated  by  chlorine  from  a  solution  of  dibromobarbituric  acid. 
It  is  sparingly  soluble  in  cold  water,  easily  soluble  in  alcohol ;  its  vapour  or  powder 
strongly  irritates  the  mucous  membrane  of  the  nose  and  eyes.  It  melts  at  140^,  with- 
out decomposition,  to  a  colourless  liquid,  which  solidifies  at  123^;  and  when  more 
strongly  heated,  gives  off  an  oil  (probably  tribromacetamidoX  which  solidifies  on  cool- 
ing, while  cyanuric  acid  remains  behind.  Tribromacetylurea  is  decomposed  by  b  il- 
ing  with  water,  acids,  or  alkalis,  yielding  urea,  carlKinic  acid,  and  bromoform,  the  for- 
mation of  those  products  being,  however,  pn^eded  by  that  of  an  intermediate  acid, 
probably  C'N*Il*Br*.H*0. — A  solution  of  tribromacetylurea  in  ammonia  becomes  turbid 
immediately  on  boiling,  with  separation  of  bromoform ;  and  the  filtrate,  when  concen- 
trated by  evaporation,  deposits  long  needles  of  isobiuret,  C'N*H*0*.H*0,  which 
melts  at  185°  (biuret  at  177°),  but  resembles  biuret  in  other  respects. 

Monobromacetylurea,C*^nVBrO*  -  CN«H«(C«H«BrO)0,  is  obtained  by  mix- 
ing 3  pts.  urea  with  5  pts.  bromide  of  bromacetyl,  and  recryBtallising  the  prodact, 
from  dilute  alcohol,  in  needles,  which  dissolve  sparingly  in  cold  water,  and  are  decmn- 
posed  by  water  at  the  boiling  heat^  also  by  alkalis.  Ammonia  converts  it  into  glycoljl- 
urea  (hydantoin,  iii.  177),  or  into  oxacetylurea  (glycoluric  acid): 

CN«H»(CH'BrO)0     -     CN«H«(C^«0)''0   +   HBr. 

Bronacelylurea.  Giyculylurca. 

CN*H«(C»H«BrO)0   +  H«0     --     CN«H»[C«H«(HO)0]0  +  HBr. 

Bromacctjlurea.  Oadcet)luri'a. 

2.  Oxalic  Diureidfs. — Allan toin  and  niycomelic  acid  are  described  in  their 
alphabetical  places. 

Qlycolurili  C*N*HH)',  is  deposited  in  octahedral  crystAls.  when  a  Bolation  of 


,,  Barium 

„  Copper 

„  Leaa. 
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A  solution  of  dibromobarbituric  acid,  saturated  with  bromine,  deposits  crystals  of 
tribromacetyl-urea  (p.  960). 

Barbituric  acidt  C*N*H*0'.2HK),  crystallises  in  beautiful  prisms,  or  sometimi^s 
in  plates  or  needles,  belonging  to  the  trimetric  system,  sparingly  soluble  in  cold,  easily 
in  hot  water.  By  fuming  nitric  acid,  it  is  convertod  into  dili  tu  ric  acid  (ii.  965) ;  by 
potasnc  nitrate  into  potassic  yiolurate;  and  by  6romn^,  into  dibromobarbituric 
acid. — When  boiled  with  caustic  potashf  it  gives  off  ammonia,  and  yields  malonate 
of  potassium,  C'H*KK)\  whence  it  appears  to  have  the  constitution  of  malonyl- 
urea: 

CN«H\C«HH)«)"0     -    C«H<0*  +  CN«H'0  -  2H«0. 

Malonic  Urea, 

acid. 

Barbituric  acid  is  dibasic,  and  forms  chiefly  acid  salts,  which  are  obtained  by  treat- 
ing the  corresponding  acetates  with  barbituric  acii.  The  neutral  lead-salt  is  obtained 
by  precipitation  with  neutral  lead-acetate.    The  following  have  been  analysed : 

Barbiturate  of  Ammonium        .        C3*N«H»(NH*)0'. 
„  Potassium.        .        C«N«H«KO». 

Sodium      .        .        C*N«H^«0«.2H«0. 

C«N*H«Ba"0».2H«0. 
C«N*H«Cu''0«.8H«0. 
C«N«H^Pb''0». 

DibarbUuric  acid,  CN*H«0»  «  2C'N«HW  -  H'O.— The  ammonium-salt  of  this 
acid  is  formed  by  heating  barbituric  acid  with  glycerin  to  160°,  The  acid  itself 
is  separated  by  hydrochloric  acid  from  its  potassium-salt,  as  a  white  nearly  inso- 
luble powder.  It  is  dibasic,  and  its  acid  salts  are  sparingly  soluble  in  water,  and 
mostly  amorphous.  The  neutral  dibarbiturutes  of  alkali-metal  are  easily  soluble  in 
water,  and  are  precipitated  by  alcohol. 

Dibarbituric  acid,  treated  with  bromine  and  water,  is  transformed  into  7]b^ow  crys- 
tals of  hydrobromate  of  dibromodibarbiturie  acid,  C*K*H^rH)*.HBr,  which, 
in  contact  with  water  or  alcohol,  are  converted  into  white  crystals  of  dibromodi- 
barbiturie acid,  C'N^H^Br'O^;  this  acid  ciystallises  firom  hot  water  in  large  ooloar- 
lesi  crystals  containing  1  at.  water. 

4.  Mesoxalic  Diureides. — The  relationship  between  the  three  mesosalic  diureides — 
hypoxanthine,  or  sarcine,  C*N*H*0 ;  xanthine,  C*N*H*0*;  and  uric  acid, 
C*N*H*0* — thoush  long  suspected,  from  the  similarity  of  their  fbrmule,  has  but 
recently  recoiTod  an  experimental  demonstration  at  the  hands  of  Streckcr  and 
Kheineck.  These  chemists  have  shown  that  hypoxanthine  is  converted  into  xanthine 
iq.v.)  by  oxidation  with  nitric  acid,  and,  conversely,  that  uric  acid,  by  deoxidation 
with  sodium-amalgam,  yields  a  mixture  of  xanthine  and  hypoxanthine.  Xanthine  is 
doubtless  a  monureide  of  barbituric  and  a  diureide  of  malonic  acid,  in  the  same  sense 
that  uric  acid  is  a  monureide  of  dialuric,  and  a  diureide  of  tartronic  add. 

Pseudo-uric  and  uroxanic  acids  havo  the  composition  of  hydrates  of  uric  acid. 
Uroxanicacid,  C^N^n^O*  -  C»N*H«0».3H*0,  is  actually  produced  b;r  the  fixation 
of  water  on  uric  acid,  its  potassium-salt  being  formed  by  boiling  uric  acid  for  a  long 
time  in  potash-loy.  Pseudo-uric  acid,  C»N*H«0«  -  C»N*HKP.H«0  (iv.  744),  is 
not  produced  by  direct  oxidation  of  uric  acid,  but  results  firom  the  combination  of 
cyanic  iicid  vapour  with  uramile  or  amidobarbituric  acid,  C*N*H*(H'N)0'  (p.  961), 
Por  just  as  cyanic  acid  converts  ammonia  into  anomalous  cyanate  of  ammonia,  or  urea, 
BO  does  it  convert  the  res'due  of  ammonia  contained  in  uramile,  into  a  residue  of  urea, 
thereby  changing  the  amido-monureide  into  a  simple  diureide,  thus : 

C^N«H«(H«N)0>   -f  CNHO     -     C*N«H«(CN«II»0)0    or  C*N«H«0\ 

Uramll*.  Cyanic  P»«odo- 

ackl.  urk  acid. 

See  the  next  article. 

The  secretion  of  the  kidneys,  the  chief  fluid  excretion  of  man  and  of  ths 
higher  animals.  The  healthy  uriue  of  man  is  a  clear,  yellowish,  fluorescent  liquid,  of  a 
peculiar  odour,  sidine  taste,  and  acid  n>action,  having  a  mean  specific  gravity  of  1*020, 
an«l  generally  holding  in  suspension  a  little  mucus. 

Normal  Constituents.— 1.  Water.^2.  Inorganic  salts  :  potassium,  sodium, 
ammonia,  calcium,  magnesium,  in  combination  with  hydrochloric,  phosphoric,  sulphu- 
ric (nitric,  carbonic)  and  silicic  acids.  The  u.*<h  contains  iron. — 3.  Nitrogenous  crystal' 
line  bodies',  urea,  uric  acid,  hippuric  acid,  creatinine,  xanthine  (ammooiaV — A.Son* 
nitrogenous  organic  liodiis:  sugar  (in  minute  quantities,  Briicke,  Bence- Jones); 
lactic,  succinic,  oxalic,  formic  (malic),  and  phonylic  acids.    All  these  are  found  in  small 
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lactic,  acetic  (?),  metacetanic  (?),  butyric,  valerianic   (?),    heneoic,  mccinict  oxalic, 
oxafuric,  taurocholie,  glycocholic,  cholic  acids.    Biliary  pigments,  indigo-blue,  fn^nm. 

These  are  products  of  metamorphosis ;  but  the  urine  is  also  frequently  the  bearer  of 
roattprs  derived  directly  from  the  food.  Of  the  substances  which  are  capable  of  being 
absorbed  from  the  alimentary  canal  into  the  blood,  some  reappear  in  the  urine  un- 
changed, while  others  are  more  or  less  altered,  the  changes  being,  with  some  exceptions, 
those  of  oxidation.  Thus,  th^re  have  been  recovered  from  urioe  (in  most  instances,  of 
course,  in  small  quantities)  arsenic,  antimony,  bismuth,  copper,  chromium,  gold,  iron, 
lithium,  lead,  mercury,  silver,  tin,  zinc.  The  following  substances  also  are  said  to 
pass  unchanged : — alkaline  carbonates,  sulphates,  nitrates,  phosphates,  borates,  chlo- 
rates, silicates,  chlorides,  iodides,  bromides ;  salts  of  calcium,  magnesium,  and  barium ; 
salphocyanate  and  ferrocyanide  of  potassium ;  urea,  leucine,  hippuric  acid,  creatine, 
quinine  (?),  morphine,  strychnine,  atropine,  alcohol  (?),  sulphovinates,  sulphomethylates, 
sulphoamylates ;  gallic,  pyrogallic,  anisylic,  cumaric,  cuminic,  camphoric,  and  pine 
Hcids,  together  with  several  pigmentary  and  odoriferous  matters.  The  ammonia-salts 
pass  unchanged,  or  are  partially  converted  into  nitrates.  Free  organic  acids  (oxalic, 
citric,  &c.)  are  unchanged ;  their  neutral  salts,  however,  are  converted  into  carbonates ; 
malic  acid,  as  malate  of  calcium,  becomes  succinic  acid  (Meissner).  Sulphur  and 
alkaline  sulphides  and  sulphites  are  changed,  in  part  at  least,  into  sulphates.  Sulphur 
taken  in  by  the  skin  is  said  to  give  rise  to  xanthine.  Free  iodine  becomes  alkaline 
iodide.  Tannic  is  changed  into  gallic  acid.  Benzoic  acid,  hydride  of  benzoyl,  cin- 
namic  acid,  quinic  acid,  and  mandelic  acid  give  rise  to  hippuric  acid.  Nitrobenzoic 
acid  is  converted  into  nitrohippuric  acid,  chlorbenzoic  into  chlorhippuric,  salicylic 
into  salicyluric,  toluic  into  toluric,  anisic  into  anisuric  acid.  Uric  acid,  allan- 
toin,  alloxantin,  guanine,  glycocine,  theine,  and  theobromine  are  said  to  give  rise  to  an 
increase  of  urea.  Saliein  is  converted  into  salicylol,  salicylic  acid  (salicyluric),  and 
saligenin.  Ferrocyanide  of  potassium  becomes  foiricyanide.  Indigo-blue  is  said  to  be 
reduced  to  indigo-white. 

Acidity  of  Urine. — Healthy  urine  has  generally  when  passed  an  acid  reaction ;  the 
moan  amount  of  acidity  may  be  taken  as  equivalent  to  2  gnus,  of  oxalic  acid  in  the  24 
hours.  The  degree  of  acidity  varies  from  time  to  time ;  it  is  lessened  during  diges- 
tion ;  indeed  the  urine  may,  after  a  meal,  become  alkaline.  The  acidity  is  due,  in  part 
at  least,  to  the  acid  phosphate  of  sodium,  but  the  quantity  of  that  salt  present  in 
healthy  urine  is  insufficient  to  account  for  the  whole  of  the  acidity ;  the  rest  is  supplied 
by  some  free  acid  or  adds — hippuric,  lactic,  colloid.  According  to  Scherer,  the 
acidity  of  urine  exposed  to  the  atmosphere  gradually  increases  for  several  davs,  through 
an  "acid  fermentation,"  in  which  the  mucus  and  the  pigmentary  and  extractive  matters 
take  part ;  afterwards  a  species  of  yeast  appears.  This  increase  of  acidity  is,  how- 
ever, denied  byBence-Jones. 

Alkaline  Urine.  —Sooner  or  later,  within  a  few  days,  or  not  until  two  or  three  weeks, 
the  acid  gives  way  to  an  alkaline  reaction,  the  urea  becoming  converted  into  carbonate 
of  ammonia  through  a  process  of  fermentation.  This  change  is  accompanied  by  the 
appearance  of  crystals  of  triple  phosphate,  confervoid  growths,  and  vibriones.  It 
may  take  place  almost  immediately  after  the  urine  has  been  passed,  or  (in  certain 
diseases)  even  within  the  bladder.  The  mucus  has  been  supposed  to  act  as  a  ferment ; 
but  this  is  probably  incorrect.  It  is  much  more  likely  that  the  change  is  due  to 
the  action  of  a  distinct  ferment,  perhaps  an  organic  being. 

Table  (after  Parkes)  of  the  Amounts  of  the  several  Urinary  Constituents  passed  im 

Twenty-four  Hours, 

By  an  average  man  of <J6  kilo*.  Per  1  kilo,  of  body-wcffhc 

Water 1501*00    centimetres.    23*000    centimetres. 

Total  solids       ....  61*14    grammes.            *93      grammes. 

Urea 33*18                                '600 

Uric  acid '555                             *0084 

Hippuric  acid  (Bene  e- J  ones).  *4                                 -006 

Creatinine  (Neubauer)   .        .  '91                                *014 

Pigment  and  extractives    .        .  10*00                                -151 

Sulphuric  acid  ....  201 2                             .0305 

Phosphoric  acid         .        .  3*164                             *048 

Chlorine  ....      (8*21)   700  '126 

Ammonia *77 

Potassium         ....  2*5 

Sodium 1109 

Caldum -260 

Magnesium       ....  -207 
Iron 
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Uric  acid,  urates  of  ammoniam,  cakdmn,  potassium,  sodiom,  and  magnesium,  ^koe- 
phates  of  calcium,  of  ammonium  and  magnesium,  and  of  iron,  carbonates  of  caldam 
and  magnesium,  oxalates  of  calcium  and  ammonium,  hippurate  of  ammonium,  chloride 
of  ammonium,  cystine,  xanthine,  ferric  oxide,  silica,  mucus,  fat,  blood,  colouring  and 
other  extractive  matters,  hare  all  been  mentioned  as  constituents  of  urinaxy  calculi. 
It  is  very  unusual  to  meet  with  calculi  formed  exclusively  of  a  single  substance ;  many 
calculi  are  formed  chiefly  of  uric  acid,  others  chiefly  of  oxailate  of  calcium,  but  these 
generally  contain  at  least  a  small  quantity  of  other  matters.  The  most  common  fcHrms 
are  uric  acid  with  urates  of  ammonium  or  calcium,  ammonio-magnesian  phosphate 
with  phosphate  and  carbonate  of  calcium,  uric  acid  with  phosphates,  oxalate  of  cal- 
cium with  phosphates.  The  concentric  layers  are  frequently  distinct,  not  in  appear- 
ance  only,  but  also  in  composition ;  and  a  curious  alternation  of  material  is  at  times 
observed,  uric  acid,  for  instance,  changing  place  with  urates,  phosphates,  oxalates,  &c 
A  nucleus  of  uric  acid  is  frequently  surrounded  by  an  external  coat  of  phosphates,  but 
a  nucleus  of  phosphates  with  a  coating  of  uric  acid,  &c.,  is  never  observed.  The  most 
external  layers  in  many  calculi  of  various  composition  is  apt  to  be  phosphatic  The 
oxalate  calculi  (often  called  mulberrVy  from  their  peculiar  form)  are  generally  the 
hardest,  the  phosphatie  the  softest.  Calculi  of  cystine  are  rare,  those  of  xanthine  still 
more  so. 

The  following  may  be  taken  as  analyses  of  the  more  typical  forms : 


Uric  acid. 
Uric  acid        .... 

Urates 

Ammonio-magnesian  phosphate 
Extractives  .... 
Water 


92-8 
3-2 


100( 
300  ( 


84*69 
9-03 
1*12 

2*61 


Photphat!c. 

Urate  of  sodium     •  .  .  9*77 

Calcic  phosphate    .  .  .  84*74 

Ammonio-magnesian  phosphate  38'35 

Calcic  carbonate     .  .  .  3*14 

Magnesic  carbonate  .  .  2*65 

Extractives,  &c.     .  .  .  6*87 


OzakUe. 

Calcic  oxalate           .        .  63*5 

Calcic  phosphate       .        *  6*2 

Water  and  organic  matters  30*3 


Analysis  of  Urine. 

Determination  of  Urea.  (Liebig's  method.)  Prepared  urine  (if  albnmin  be  pre- 
sent it  must  be  separated  by  boiling;  some  urea  will  probably  be  lost):  two  volumes 
of  urine  are  mixea  with  1  volume  of  a  "  baryta  mixture  "  (consisting  of  2  volnmes  of 
baryta-water  to  1  volume  of  a  solution  of  barium-nitrate,  both  saturated  in  the 
cold),  and  filtered. —  Urea-solutuni :  2  grms.  of  pure  urea  are  dissolved  in  water, 
and  the  solution  diluted  to  100  c.c. — Mercurial  solution:  a  concentrated  solution  of 
pure  mercuric  nitrate  is  diluted  with  four  times  its  bulk  of  water.  10  cc  cf  the 
urea-solution  are  measured  into  a  beaker,  and  the  mercurial  solution  is  slowly  added 
from  a  burette  as  long  as  any  precipitation  takes  place ;  a  drop  of  the  mixture  is  then 
let  fall  by  a  glass  rod  into  a  drop  of  a  solution  of  sodic  carbonate,  placed  in  a  watdi- 
glass,  or  on  a  glass  plate,  over  some  black  surface.  If  the  precipitate,  which  occurs  on 
the  mingling  of  the  two  drops,  does  not  become  in  a  few  seconds  distinctly  yellow, 
more  of  the  mercurial  solution  must  be  added  to  the  mixture  in  the  beaker,  aad  the 
trial  made  again.  As  soon  as  a  distinct  yellow  colour  appears  (the  shade  being  noticed 
by  the  observer  in  order  to  guide  him  afterwards),  the  trial  drops  are  returned  into 
the  beaker,  and  a  little  of  the  soda-solution  added,  until  the  mixture  is  only  faintly 
acid.  A  drop  is  then  again  to  be  tried  with  the  soda-solution ;  and  if  the  yellow  colour 
does  not  show  itself,  a  small  quantity  of  the  mercurial  solution  must  still  be  added  to 
the  mixture  in  the  beaker,  and  trial  made  again.  When  the  yellow  colour  has  been 
thus  obtained,  the  total  quantity  of  mercurial  solution  used  is  read  off;  it  oorresponds 
to  '2  cprm.  urea.  The  roerciirial  solution  itself  is  then  diluted  according  to  these  r»- 
sults,  so  that  20  cc.  of  it  corresponds  to  10  grms.  of  the  urea-solution,  ijs,  so  that 
10  c.c.  correspond  to  *1  grm.  urea.  It  is  well  not  to  add,  at  once,  the  whole  of  the 
water  required ;  but  to  stop  a  little  short  of  that,  and  titrate  affain,  since,  prsctieally, 
the  degree  of  dilution  required  is  rather  less  than  that  suggested  by  calculation. 

Method. — Of  the  prepared  urine,  16  c.c,  corresponding  to  10  cc  of  the  originsl 
urine,  are  poured  out  into  a  beaker  or  flask,  and  the  mercurial  solution  is  sdded  until 
the  yellow  reaction,  as  described  above,  is  obtained ;  the  mixture  is  also  in  the  same 
way  reduced  in  acidity,  and  trial  made  again.  The  quantity  of  mercurial  solution 
used  will  give  the  amount  of  urea  in  the  10  c.c.  of  urine.     Unforturatelj,  the 
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in  a  cool  place.  The  hippuric  acid  which  cryBtallises  out  is  collected  on  a  weisrhed 
filter,  washed  with  a  sm^l  quantity  of  cold  water  antil  the  filtrate  is  colourless,  dried 
at  100°,  and  weighed.  The  wash-water  is  collected  and  measured,  and  for  every 
6  c.c.  of  it,  *01  gramme  is  added  to  the  weight  of  hippuric  acid,  in  order  to  correct 
the  error  due  to  that  substance  being  slightly  soluble  in  cold  water.  This  process  is 
of  course  useless  where  uric  acid  is  present. 

Creatinine. — To  300  c.c.  of  urine,  rendered  alkaline  with  milk  of  lime,  a  solu- 
tion of  calcic  chloride  is  added  as  long  as  any  precipitate  occurs.  The  mixture 
is  allowed  to  stand  for  one  or  two  hours,  and  filtered.  The  filtrate  and  washings  ara 
evaporated  to  dryness  in  a  water-bath,  and,  while  still  warm,  treated  with  30  or  40 
c.c.  of  alcohol,  95  per  cent.  The  mixture,  after  standing  for  four  or  five  hours  in 
a  cool  place,  is  passed  through  a  small  filter,  and  the  filter  washed  with  small  quantities 
of  spirit 

The  filtrate  and  washings — reduced  in  bulk,  if  necessary,  to  40  or  60  cc  by 
being  placed  over  hot  plates — are  mixed  with  5  cc.  of  a  solution  of  chloride  of  zinc 
(specific  gravity  1*2,  absolutely  free  from  acidity),  and  allowed  to  stand  for  three  or 
four  days  in  a  very  cool  place.  The  crystals  that  appear  are  collected  on  a  small 
filter,  washed  first  with  the  mother-liquor,  and  then  with  small  quantitiee  of  spirit, 
dried  at  100^,  and  weighed.     100  pts.  of  zinc-compound  "-  62*44  pta.  of  creatinine. 

Albumin.  —  From  30  to  100  cc.  of  urine,  according  to  concentration,  are 
heated  with  the  naked  fiame,  a  drop  or  two  of  acetic  acid  being  added,  until  the 
albumin  is  thoroughly  coagulated,  and  the  fiuid  capable  of  being  filtered.  The  deposit 
is  dried  at  120®,  and  over  sulphuric  acid,  until  it  ceases  to  lose  weight.  Other  matters 
are  carried  down  with  the  albumin,  but  these  are  insignificant. 

Su^ar. — In  diabetes,  when  the  quantity  of  sugar  is  very  considerable,  the  deter- 
mination may  be  mada  with  the  alkaline  copper-solution,  by  the  saccharimeter,  or  by 
fermentation.  When  the  quantity  of  suffar  is  very  small,  the  following  process  may 
be  adopted :— A  given  quantity  of  urine  (1000  cubic  centimetres)  is  concentrated,  and 
precipitated  with  sugar  of  lead  and  filtered ;  the  filtrate  is  precipitated  with  acetate  of 
lead  and  filtered.  This  second  filtrate  is  precipitated  with  ammonia,  the  deposit 
suspended  in  alcohol,  submitted  to  sulphydric  acid,  and  filtered.  The  spirit  fil- 
trate is  evaporated,  and  its  sugar  determined  in  any  of  the  usual  ways. 

Chlorides. — In  fresh  urine,  free  from  albumin,  much  uric  add,  or  mucus,  the 
chlorides  may  be  determined  with  tolerable  accuracy  by  the  silver  and  cbromate  of 
potash  method. 

Phosphates  maybe  determined  by  the  uranic  oxide  process. 

Ammon  ia. — Twenty  cubic  centimetres  of  urine  are  placed  in  a  shallow  vessel,  over 
which  is  arranged  another  small  shallow  vessel  containing  10  cc.  of  a  standard 
solution  of  dilute  sulphuric  acid ;  and  the  whole  is  covered  with  an  airtight  bell-jar. 
The  bell-iar  is  slightly  raised,  10  c.c.  of  milk  of  lime  quickly  introduced  into  the 
urine,  and  the  jar  at  once  replaced.  In  about  48  hours,  the  whole  of  the  ammonia  is 
disengaged  from  the  urine,  and  absorbed  by  the  sulphuric  acid.  By  titrating  the  sul- 
phuric acid  after  the  experiment,  and  comparing  it  with  the  standard  solution,  the 
amount  of  ammonia  is  arrived  at 

Bile  Acids. — Urine  is  precipitated  with  basic  acetate  of  lead  and  a  little  am- 
monia ;  the  precipitate  is  washed,  boiled  in  alcohol,  and  filtered  hot ;  the  alcoholic 
solution  is  treated  with  a  few  drops  of  soda,  and  evaporated  to  dryness  ;  the  residue 
extracted  with  absolute  alcohol ;  the  filtered  solution  reduced  in  volume,  mixed  with 
an  excess  of  ether,  and  left  to  crystallise.  The  crystalline  deposit  is  mixed  with  dilute 
sulphuric  acid  ( 1  to  4),  and  a  few  drops  of  a  solution  of  cane-sugar  added.  The  mixturr, 
on  being  gently  warmed,  should  give  the  purple  coloration  of  Pottenkofer.       M.  F. 

JIMXKM,  FUfllBUi  BAZiT  OF.  Sal  urina  fusibUis, — Ammonio-iodic  phos- 
phate. 

VSZarXv  SFntir  OV.  The  solution  of  ammonium-carbonate,  obtained  by  dis- 
tilling putrid  urine. 


intOBJBlHCATZWy  VSOXXXiAVXV,  UmOPITTZV,  OmOSROBZV.      See 

Ubinart  PioMKirrs  (p.  963). 

XntOBTWJLLXTM  (from  otfwy,  urine ;  vriap^  tallow ;  and  A(0ot,  ftone). — ^A  &tty 
substance  found  in  a  urinary  calculus.  On  evaporating  the  solution  of  the  calculus  in 
carbonate  of  sodium,  adding  a  little  sulphuric  acid,  extracting  with  ether,  and  leaving 
the  ether  to  evaporate,  theurostealitewas  obtained  as  a  violet  residue,  which  fofte&ra 
in  boiliuff  water  without  dissolving  was  sparingly  soluble  in  alcohol,  more  easily  in 
ether  ana  in  caustic  potash,  less  easily  in  ammonia  and  in  carbonate  of  potassium.  It 
softened  when  heated,  and  when  more  strongly  heated  gave  off  a  thick  smoke,  and  an 
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difficulty  in  ether  op  alcohol.  It  melts  at  190*^ — 200°,  and  solidifies  again  in  the 
crystalline  form  on  cooling;  if  heated  above  its  melting-point,  it  remains  amorphous 
after  cooling,  and  at  a  still  higher  temperature  boils,  and  appears  to  volatilise  without 
decomposition. 

According  to  HIasiwetz,  ursone  agrees  in  composition  and  in  most  of  its  properties 
with  hartin  from  lignite  (iii.  14). 

miTIOA.  The  stinging  power  of  nettles,  Urtica  urens  and  U,  dioica^  is  due  (ac- 
cording to  Sal  ad  in)  to  acid  carbonate  of  ammoniam,  contained  in  elands  beneath 
tht'ir  epidermis ;  the  juice  contains  nitrate  of  potassium  and  nitrate  of  calcium.  Ac- 
cording to  Bollig,  water  distilled  over  the  herb  contains  carbonate  of  ammonium; 
accordmg  to  Gorup-Besanez,  it  contains  formic  acid. 

The  yellowish  decoction  of  the  leaves,  when  left  to  drv  in  contact  with  the  air,  espe* 
cially  in  presence  of  alkalis,  is  said,  by  Leuch,  to  yield  a  fine  emerald-green  colour. 
The  herb  of  U,  urena  yields,  by  fermentation,  a  so-called  ferment-oil  (ii.  636)  (Bley). 
The  seeds  of  both  kinds  of  nettle  are  said  to  be  useful  as  remedies  in  cases  of  dysen- 
tery. 

The  fibre  of  many  species  of  Urtica  yields  useful  tissues.  The  Chinese  are  said  to 
fabricate  a  fine  silky  stu£f  from  the  fibres  of  Urtica  nivea,     (Handw.  d.  Chem.  ix.  68.) 

VSinC  ACZB,  or  UUMTMrn  An  acid  obtained  from  several  species  of  lichen.  It 
was  first  prepared  and  examined  by  Knop  (Ann.  Ch.  Pharm.  xlix.  103),  and  further 
investigated  by  Rochleder  and  Heldt  (ibid,  xlviii.  12),  Thomson  (ibid.  liii.  262), 
Stenhouse  (ihid.  Ixviii.  97,  114),  and  Hesse  {ifnd,  cxvii.  343). — Stenhouse  assigned 
to  it  the  formula  C"fi^'0»*— more  probably  C**W*0^\  op  C"H"0';  according  to 
Hesse,  it  is  C**H'H)'.  It  is  found  in  Usnca  ftorida,  U.  harta,  U,  plicata^  U,  barSata, 
Bamalina  calicariSf  Clddonia  rang^erina^  Parmdia  furfuraeea^  Ewmia  prunastriy  and 
others. 

According  to  Stenhouse,  the  seyeral  species  of  Uwtea  are  best  adapted  for  the  pre- 
paration of  usnic  acid,  especially  Usnea  florida ;  next  in  point  of  eligibility  comes 
Cladonia  ranffiferinOf  while  the  several  species  of  Bamalina  and  Effemia  nrunastri  are 
less  adapted  fDP  the  purpose,  because  they  yield  resinous  acids  difilcmt  to  purify. 
Hesse  uses  Bamalina  calicaris  (var.  fraxinea  and  chnaumatica)  ioT  the  ppepanition  of 
alpha-usnic  acid,  and  Cladonia  rang{ferina  fop  the  preparation  of  beta-usnic  acid. 

Preparation. — Knop  exhausts  the  lichens  with  ether  in  a  displacement  apparatus, 
then  distils  off  the  ether,  and  treats  the  residue  with  alcohol ;  the  alcoholic  solution 
thus  obtained  deposits  usnic  acid  in  crystals  on  cooling.  Kochledop  and  Heldt  digfct 
the  lichens  with  a  mixture  of  ammonia  and  aqueous  alcohol,  filter  the  liquid 
after  some  minutes,  then  mix  it  with  one-third  of  its  volume  of  water,  and  neutRuise 
with  acetic  acid  ;  the  usnic  acid  thereby  precipitated  is  washed,  and  recrystalliscd  from 
alcohol. — Stenhouse  exhausts  the  lichens  with  milk  of  lime,  and  precipitates  with  hy- 
drochloric acid. 

Hesse  also  exhausts  the  lichens  {Bamalina  calicaris,  yar./raxtfiAzand  cknaumatica) 
with  milk  of  lime,  supersaturates  with  hydrochloric  acid,  and  boils  for  a  short  time, 
whereupon  alpha-usnic  acid  crystallises  out.  The  deposit  is  washed  with  water,  then 
boiled  with  alcohol,  and  the  residue  is  dissolved  in  boiling  acetic  acid,  the  solution 
mixed  with  animal  charcoal,  and  filtered. — To  prepare  beta-usnio  acid  from  Gadonia 
rangiferina,  Hesse  exhausts  the  lichen  with  dilute  soda-ley ;  saturates  with  hydz^ 
chloric  acid ;  washes  the  precipitate,  which  contains  brown  humous  substances,  with 
water ;  dries  it,  and  exhausts  it  with  ether ;  evaporates  the  ethereal  solution ;  and 
mixes  the  residue  with  alcohol.  Beta-usnic  acid  then  crystallises  out,  and  may  be 
purified  by  rocrystallisation  from  alcohol  with  addition  of  animal  chaicoaL 

Properties. — Usnic  acid  forms  thin,  li^ht,  sulphur-yellow  needles,  which  become 
strongly  electric  by  friction,  are  not  moistened  by  water,  dissolve  but  sparingly  in 
ordinary  alcohol,  even  at  the  boiling  heat,  but  easily  in  boiling  ether  or  turpentine-oil. 

Usnic  acid  melts  when  somewhat  strongly  heated,  alpha-usnic  ada  at  203' 
(Hesse),  at  200^  (Knop);  beta-usnic  acid  at  175° :  this  difference  of  melting-point  is 
the  only  essential  distinction  between  the  two  acids.  Melted  usnic  acid  is  yellowish 
and  resinous,  and  solidifies  in  the  crystalline  form  on  cooling ;  at  a  hi^er  temperators 
it  yields  a  crystalline  sublimate,  an  oily  distillate  containing  beta-oicein,  and  a  car- 
bonaceous residue.  Usnic  acid  is  not  coloured  by  ferric  cmoride  or  by  hypochlorite 
of  sodium. 

Chlorine  converts  usnic  tu:^d  into  a  resinous  body ;  sulphuric  acid  dissolves  it,  Ibnn- 
inga  yellow  solution,  which  is  precipitated  by  water.  Nttric  acid  hmtted  with  it,  formi 
a  yellow  resin.  Usnic  acid  dissolves  easily  in  alkaline  liquide :  the  solutions,  which 
contain  beta-orcein  together  with  a  resin,  become  dark-red  on  exposure  to  the  air,  and 
at  last  nearly  black. 

Usnic  acid  is  monobasic,  the  composition  of  its  salts  being  C"H"MO',  according  to 
Hesse;    C"H>*MO',  according  to  Knop.    The  usnatcs  of  the  alkali-metals  an 
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vessel  to  be  exhausted  with  the  upper  part  of  a  long  yerUcal  tube,  down  which  t 
column  of  mercury  is  made  to  flow. 

Syn.  with  Valbboicb. 

A  name  given  by  Ereithaupt  to  orthoclase  from  the 
silver-mine  of  Valenciana  in  Mexico  ;  related  to  adularin,  and  containing,  according 
to  Plattner,  66*82  per  cent,  silica,  17'58  alumina,  0*09  ferric  oxide,  and  14'80  potash. 

The  trimetric  variety  of  native  antimonious  oxide  (i.  323). 

C"H*«NW.  (Schlieper.  Ann.  Ch.  Phftrm.  lix. 
16.) — A  body  containing  the  elements  of  4  at.  valeronitrile,  C^H'N,  and  3  at.  acetic  add, 
C'H^O',  or  of  1  at.  valeronitrile  and  3  at.  valeracetamide,  C»H'*(C*H»0)NO.  It  is 
found  in  the  neutral  oil  produced  by  distilling  glue  with  potassium-chromat^  and  sul- 
phuric acid,  and  is  obtained  therefrom,  in  the  same  manner  as  valeronitrile  (ii.  272), 
by  repeated  fractional  rectification  of  the  portion  boiling  between  68®  and  90**. 

Valeracetonitrile  is  a  mobile  colourless  liquid,  moderately  soluble  in  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  It  has  an  aromatic  odour,  makes  a 
transient  grease-spot  on  paper,  has  a  specific  gravitv  of  0*79,  and  boils  between  68** 
and  7 1*'.  It  is  very  inflammable,  and  burns  wim  a  faintly  luminous  flame.  By  heating 
with  sulphuric  acid,  or  with  aqueous  flxed  alkalis,  it  is  decomposed,  with  formation  of 
ammonia,  acetic  acid,  and  valerianic  acid : 

CMH«N*0«  +   8H'0     =     4C»H"0«  +   8C^«0«  +  4NH«. 

Chlorine  and  bromine  decompose  valeracetonitrile,  with  evolution  of  hydrochloric  or 
hydrobromic  acid. 

VAJUUtAlb.  C*H'«0  »  ^*H*^(  o'  ^*H*|^*  ^^'^o^^^y^'  V€det:anic  Al- 
dehyde. Amylic  Aldehyde.  Valen/l-hydride. — This  body  was  discovered  by  Dumas 
and  St  as  (Ann.  Cb.  Pbys.  [21  Ixxiii.  145),  who  obtained  it  by  oxidising  amylic  alco- 
hol with  nitric  or  chromic  acid.  It  is  also  produced  in  the  distillation  of  fusel-oil  with 
sulphuric  acid  (Gaul tier,  Ann.  Ch.  Pharm.  xliv.  127);  by  the  dry  distillation  of  a 
mixture  of  formate  and  valerate  of  calcium  ^Limpricht,  t'M.  xcvii.  370);  by  the 
action  of  manganese-peroxide  and  sulphuric  acid  upon  gluten  (Keller,  ibid,  xzxiL  31); 
of  chromic  acid  on  castor-oil  (Arzbacher,  ibid.  Ixxiii.  202),  and  of  sulphuric  anhy- 
dride on  leucine  ^Schwanert,  »6ttf.  cii.  226),  in  the  dry  distillation  of  valerates, 
most  easily,  accoroine  toEbersbach  (ibid.  cvi.  262),  from  valerate  of  calcium  af^er 
addition  of  lime;  and,  lastly,  by  the  dry  distillation  of  lupulin-resin  which  has  been 
exhausted  with  water,  after  addition  of  lime.  (Person ne,  J.  Pharm.  [3]  xzvi.  241, 
329  ;  xxvii.  22.) 

Vjileral,  obtained  by  the  dry  distillation  of  valerates,  was  fonnerly  regarded  as 
isomeric,  but  not  identical,  with  valoraldehyde  produced  by  oxidation  of  amylic  alco- 
hol ;  the  two  products,  however,  invariably  exhibit  the  same  reactions,  and  appear  to 
difler  only  in  boiling-point,  that  of  the  product  obtained  by  distillation  of  valerates 
being  somewhat  the  higher  of  the  two,  and  not  constant,  a  peculiarity  doubtless 
arising  from  admixture  of  other  subetuncos. 

Preparation. — Valeral  is  usually  prepared  by  oxidising  amylic  alcohol  with  chromate 
of  potassium  and  sulphuric  acid.  '  The  best  way  of  proceeding,  ac(5ording  to  Parkin- 
son (Ann.  Ch.  Pharm.  xc.  114),  is  to  allow  a  mixture  of  11  pta.  amylic  alcohol, 
164  pU.  sulphuric  acid,  and  16^  pts.  water,  to  flow  slowly  into  a  lukewarm  solution  of 
12j(  pts.  potassium-chromate,  whereby  sufficient  heat  is  produced  to  cause  the  greater 
part  of  the  valeral  to  distil  over ;  towards  the  end,  however,  the  distillation  must  b«' 
assisted  by  external  heating.  The  oily  layer  of  the  distillate  is  separated,  and  shaken 
up,  first  with  potash-lev,  to  remove  valenanic  acid  formed  at  the  same  time,  and  then 
with  acid  sodium-sulphite,  with  which  it  forms  a  crystalline  compound ;  the  rraulting 
crystals  are  pressed  and  washed  with  alcohol,  and  the  valeral  is  separated  therefrom 
by  distillation  with  carbonate  of. sodium. 

Properties. — Colourless,  very  mobile,  strongly  refracting  liquid,  neutral  to  vegetable 
colours,  having  a  burning  bitter  taste,  a  pungent  fruity  odour,  and  exciting  coughing 
when  inhaled,  like  most  compounds  of  the  amyl-group.  Specific  gravity  »  0*80*57 
at  17°,  0-8224  at  0°  (Kopp).  Boiling  point  96°  to  97<>  under  the  ordinaiy  pres- 
sure, 92*8**  under  a  pressure  of  740  mm.  (Kopp).  After  keeping  for  some  time, 
the  boiling-point  rises,  and  a  considerable  portion  of  the  valeral  passes  into  a  modifi- 
cation, probably  polymeric,  having  a  hieher  boiling-point.  Valeral  is  vezy  inflam- 
mable, and  burns  with  a  bright  flame,  euibiting  a  faint  blue  colour  on  the  edges. 

Valeral  is  insoluble  in  watery  but  mixes  in  all  proportions  with  alcohol,  ether,  and 
ixdatiie  oils.  It  dissolves  iodine^  phosphorus^  and  various  resins,  but  not  sulphur,  and 
mixes  with  strong  sulphuric  acid. 
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Compounds  and  DEBirATivBS  of  Valbral. 

Valeral-ammonia,  C*H"O.NH"  —  C»H»(NH*)0.— Valeral  absorba  ammonia-gas. 
forming  a  thick  syrup,  which,  after  Boveral  weeks,  deposits  ciystals  of  Taleral^ammonia 
(Parkinson).  According  toEbersbach,  thecompoimd  is  more  easily  prepared  by 
adding  aqueous  ammonia  to  valeial  mixed  with  a  thousand  times  its  bulk  of  water : 
the  liquia  immediately  becomes  milky,  and  after  a  few  hours  deposits  crystals,  the 
formation  of  which  goes  on  for  several  months.  Valeral-ammonia  melts  when  heated, 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  decomposed  by 
sulphydric  acid  with  formation  of  valeraldine,  and  by  hydrocyanic  add  with  formation 
of  leucine  (p.  973). 

Compounds  of  Valeral  with  Mkaline  BiaulphiUs. — The  ammomum'-talt, 
OH*(NH^)S0*,  is  deposited  in  shining  laminse  on  distilling  a  mixture  of  acid  ammo- 
nium-sulphite and  valeral,  and  leaving  the  distillate  to  evaporate.  It  is  decomposed 
by  water,  acids,  and  alkalis,  with  separation  of  valeraL — The  sodium-salt,  2OH'NaS0\ 
2H^0,  is  nearly  insoluble  in  absolute  alcohol  and  in  ether,  sparingly  soluble  in  coki 
water ;  it  dissolves  without  decomposition  in  water  at  70°  to  80°,  but  when  more 
strongly  heated  with  water,  it  is  decomposed  with  separation  of  valeral  and  sulphurous 
acid.  Alkalis  and  acids  decompose  it  uimediately.  The  air-dried  crystals  effloresce 
in  a  vacuum  over  oil  of  vitrioL 

Compounds  of  Valeral  with  Acetic  and  Benzoic  Anhydrides, — ^The  compound  C*H**0. 
C*H*0*  is  formed  by  heating  1  at.  valeral  with  1  at.  acetic  anhydride,  or  2  at.  acetic 
acid,  to  200°  in  a  sealed  tube  for  four  to  eight  hours,  and  passes  over  at  195°  on  sub- 
mitting the  oily  product  to  fractional  distillation.  It  is  a  colourless,  ethereal,  mobile, 
neutral  liquid,  of  specific  gravity  0'963,  boiling  at  about  195°,  insoluble  in  water, 
easily  miscible  with  alcohol  and  ether.  It  is  not  altered  by  water,  but  in  contact  with 
potash  is  easily  resolved  into  acetic  acid  and  valeral  (Kolbe  and  Guthrie,  Ann.  Ch. 
Fharm.  ciz.  296). — The  benzoic  compound,  C*H'*O.C'H'*0',  is  obtained  in  like  manner 
by  heating  valeral  with  benzoic  anhydride  to  260°,  and  passes  over  on  rectification  at 
264°.  It  is  a  white  ciystalline  body,  tasteless  and  inodorous,  insoluble  in  water, 
melting  at  111°,  and  boiling  at  264°.  Alkalis  decompose  it  into  valeral  and  benzoic 
acid.    (Kolbe  and  Guthrie.) 

JHchlorotfoleral,  C^H'Cl'O,  is  produced  by  the  action  of  chlorine  on  valeral  (p.  973) 

Methylvaleral,  C*H*(CH*)0,  is  obtained  by  distilling  a  mixture  of  equivalent  auan- 
tities  of  alkaline  valerate  and  acetate,  agitating  the  oily  distillate  with  potash,  and  rec- 
tifying till  the  boiling-point  becomes  constant.  It  is  an  oily  liquid  boiling  at  120°. 
(Williamson,  Ann.  Ch.  Pharm.  Ixzxi.  86.) 

Diamylvaleral  (so-called),  C'^H^O*. — This  compound,  isomeric  or  identical  with 

diamylic  amylenate,  )(>HM^2[  ^^  ^®  neutral  amy  lie  ether  of  amylenie  glycol,  is  pro* 

duced,  as  already  observed  (p.  973),  by  heating  valeral  with  amylic  alcohol  and  acetic 
acid,  or  with  sodium-ethylate  and  absolute  alcohol.  It  has  a  disagreeable  odour  like 
that  of  the  amyl-oompounds,  and  of  celery,  is  insoluble  in  water,  of  specific  gravity 
0-849  at  7°,  and  boils  at  265'>.—Diethylvaleral  (so-called),  C»H'«(C«H»)«0«,  pre- 
pared by  heating  1  vol.  valeral  with  4  vols,  alcohol  and  1  vol.  acetic  acid,  is  sb'gntly 
soluble  in  water,  has  a  pleasant  fruity  odour,  a  specific  gravity  of  0*835  at  12°,  and 
boils  at  l5S'2°.—DimethylvaleraI  (so-called),  C*H"»(CH«)«0«,  prepared  with  1  vol. 
valeral,  2*5  vols,  methylic  alcohol,  and  0*5  vol.  acetic  acid,  has  an  agreeable  odour,  a 
specific  gravity  of  0-852  at  10°,  and  boils  at  124°.     (Alsberg.) 

See  preceding  article. 
Syn.  with  Valeral. 


VAXAKAXAnra.  C>*H"NS*.  (B  eissenhirtz,  Ann.  Ch.  Pharm.  xe.  109.— 
Parkinson,  ifnd.  xc  119.)— An  oiganic  base,  homologous  with  thialdine,  prodoeed  bj 
the  action  of  sulphydric  acid  on  valeral-anmionia  suspended  in  water.  It  is  a  viscid 
oil,  which  does  not  solidify  at  —20°,  has  a  strong  unpleasant  odour,  is  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  volatilises  without  decomposition.  It  has 
an  alkaline  reaction,  and  unites  with  hydrochloric  acid,  forming  the  salt  C"H**NS*. 
HCl,  which  crystallises  in  needles,  and  when  dissolved  in  water,  yields  with  silver- 
nitrate,  first  chloride  and  then  sulphide  of  silver. 

EO  ACZD.    Syn.  with  Amidovalbbic  Acid  (p.  978). 

k  C»H»O.H«N.— The  primary  amide  of  valeric  and,  firrt 
prepared  by  Dumas,  Malaguti,  and  Leblanc  (Compt.  rend.  xxv.  475,  658),  aoii 
further  examined  byDessaignes  and  Chautard  (Ann.  Ch.  Pharm.  Ixviii.  S33).  It 
is  produced  by  the  action  of  7  or  8  vols,  strong  aqueous  ammonia  on  1  vol.  ethylic 
valerate,  and  sublimes  on  evaporating  the  liquid  in  shining  laminse.    It  melts  at  lOO^, 
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The  liquid  is  then  distilled ;  the  distillate  saturated  with  carbonate  of  sodinm ;  the 
amylic  valerate  contained  in  it  is  distilled  off;  and  the  dry  residue  of  sodium-ralerate 
is  dissolTed  in  an  equal  weight  of>  water  and  distilled  with  sulphuric  acid  (^  to  {  pt. 
oil  of  vitriol  to  1  pt.  sodium-salt).  The  distillate  consists  of  an  aqueous  solution,  of 
valeric  acid,  surmounted  by  an  oily  layer  consisting  of  a  definite  hy(uate,  C*H'*0'.HH), 
from  which  the  pure  acid  orh^dric  valerate,  C*H**0',  may  be  obtained  by 
rectification,  a  milky  aqueous  distillate  paasing  over  at  first,  and  afterwards,  at  176^, 
the  pure  acid,  in  the  form  of  a  clear  oily  liquid. 

Properties. — ^Pure  valeric  acid,  or  hydric  valerate,  is  a  colourless  mobile  oil,  having 
a  sour  burning  taste,  and  a  strong  peculiar  odour,  like  that  of  valerian-oil,  some- 
what also  like  that  of  butyric  acid  and  decayed  cheese.  Specific  gravity '«  0*937  at 
16°  (Dumas  and  Stas);  09378  at  19*6^  and  0*9555  at  0^  (Kopp);  0*9558  at  15° 
(Mendelejef).  Index  of  refraction,  1*3952  (Delffs).  It  is  active  or  inactive  to 
polarised  light,  according  as  it  has  been  prepared  from  active  or  inactive  amylic  alcohol : 
the  active  modification  produces  a  rotation  of  17°  to  the  left  in  a  tube  60  centimetres 
long  (Pedler,  Chem.  Soc.  J.  xxi.  74).  It  remains  liquid  and  transparent  at  —15'^, 
makes  transient  grease-spots  OQ  paper,  boils  at  175°  (Dumas  and  Stas;  Persin): 
at  175*8°  under  a  pressure  of  746  mm.  (Kopp).  The  specific  gravity  of  its  vapour, 
when  determined  at  a  sufficiently  high  temperature,  is  3*66 ;  calc  for  2  vols.  =  3*53. 

Hydric  valerate,  (C*H"0*),  dissolves  in  30  pts-  water  at  12°,  mixes  in  all  proportions 
with  alcohol  and  ether,  and  dissolves  abundantly  in  strong  acetic  add.  It  dissolves 
water,  and  forms  an  oily  hydrate,  C*H'*0'.B[*0  (commonly  called  the  trihydrate,  from 
having  been  regarded  as  C'*H*''0*.3H'0),  which  separates  on  decomposing  a  valerate 
with  sulphuric  acid  not  too  much  diluted ;  or  on  adding  chloride  of  calcium,  or  other 
dehydrating  salt,  or  phosphoric  anhydride,  to  an  aqueous  solution  of  the  acid.  This 
hydrate  is  oily,  like  the  pure  hydric  valerate,  but  luus  a  higher  specific  gravity  (0*950, 
according  to  Trautwein),  and  a  lower  boiling-point;  when  it  is  heated,  aqueous 
valeric  acid  first  passes  over,  and  afterwards  pure  hvdric  valerate. 

Valeric  acid  mixes  with  oil  of  turpentine,  and  dissolves  phosphorus,  camphor,  and 
some  resins. 

Decomposttians. — 1.  Valeric  acid  vapour  passed  through  a  red-hot  tube,  is  resolved 
into  carbonic  oxide,  carbonic  anhydride,  and  a  mixture  of  hydrocarbons  of  the  olefine 
group  (ethylene,  tritylene,  and  tetrylene),  sometimes  also  mixed  with  marsh-gus 
(Hofmann,  Chem.  Soc  Qu.  J.  iii.  121). — 2.  When  an  e^^riecurreiU  is  passed  through 
a  solution  of  potassic  valerate,  the  valeric  acid  is  resolved,  with  absorption  of  oxygen 
into  tetryl  and  carbonic  anhydride : 

2C*H'»0»  +   O     =     C«H>»  +   2C0«  +  H«0. 

Valeric  Tetrjl. 

add. 

The  tetiyl  is,  however,  converted  by  further  oxidation  into  tetrylene  and  water : 

C«H'«  +  O     s    2C«H»  +  HK); 

or  it  is  oxidised  to  tetrylic  oxide,  (C*H*)'0,  which  then  reacts  with  the  valeric  add 
to  form  tetrylic  valerate  (Eolbe,  Ann.  Ch.  Pharm.  Ixix.  257).—  3.  By  poUusie  per- 
manganate  in  alkaline  solution,  valeric  add  is  oxidised  to  carbonic  acid,  oxalic  acid, 
butyric  add,  and  its  lower  homologues,  together  with  a  volatile  solid  add,  perhapa 
angelic  acid  (Neubauer,  Ann.  C£.  Pharm.  cvi.  59). — 4.  Valeric  acid  dissolves,  with 
evolution  of  heat,  in  strong  sulphuric  acid,  apparently  forming  a  conjugated  acid. — 
5.  Strong  nitric  acid  slowly  converts  it  into  nitrovalenc  acid. — 6.  With  eUorine  and 
bromine  it  also  forms  substitution-products.  It  dispolves  iodine,  but  without  forming 
an  iodatedacid. — 7.  With  pentachloride  or  osycklorids  of  phosphorus^  it  forms  valeric 
chloride  or  valeric  anhprdride.  —8.  When  heated  with  pentastuphide  of  phosphorus,  it 
forms  thiovalericacid,  a  liquid  having  an  extremely  offensive  odoor,  and  probably 
consisting  of  C*H'«OS.     (Ulrich,  Ann.  Ch.  Pharm.  ex.  281.) 

Valerates. — Valeric  acid  is  monobasic,  forming  neutral  salts,  C»H'MO',and  a  few 
acid  and  basic  salts.  The  valerates  are  product  by  direct  saturation.  They  are 
imctuous  to  the  touch,  inodorous  when  dry,  but  smell  of  valeric  acid  when  moist,  espe- 
cially if  they  are  also  warmed ;  they  have  a  sweetish  taste,  with  somewhat  pungent 
after-taste.  Most  of  them  dissolve  in  water,  a  few  also  in  alcohol ;  many  of  them 
rotate  on  the  water  in  the  act  of  dissolving.  By  dry  distilUtion,  they  yield  chiefly 
valerene  and  valerone.  A  mixture  of  valerate  and  formate  subject  to  ory  distillatioo 
yields  valeral;  a  mixture  of  valerate  and  acetate  yidds,  in  like  manner,  methylvalend 
(p.  975).  The  soluble  valerates  are  decomposed  by  the  electric  current,  with  forma- 
tion of  carbonic  acid,  tetrylene,  and  tetrylic  valerate. 

Valerates  are  decomposed  by  mineral  acids  and  by  many  oiganic  acids :  e^,  acetic, 
tartaric,  citric,  malic  acid,  &c.,  with  separation  of  valeric  acid.  Butyric  acid  does  not 
docompose  them ;  on  the  other  hand,  butyrates  heated  with  valeric  acid  jieUl  ftee 
butyric  acid.    On  this  reaction  i«  founded  a  method  of  separating  butyric  and  valeric 
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it  dissolves  in  90  pts.  cold  water,  in  60  pts.  cold  alcohol  of  80  Der  cent.,  in  600  pU. 
cold  and  200  pts.  boiling  ether.  The  aqueous  solution  gives  off  valeric  acid  on  boibng. 
The  salt  melts  at  HO'',  and  decomposes  at  a  higher  temperature. — A  hydraled  salt, 
C'^H**Zn"0*.12HK),  is  obtained  by  mixing  equivalent  quantities  of  hydric  valerate  and 
recently  precipitated  zinc-carbonate  with  a  small  quantity  of  water,  and  diying  at  a 
gentle  heat.  It  does  not  differ  in  appearance  from  the  anhydrous  salt,  gives  off  all  its 
crystaUisation-water  at  100°,  and  dissolves  in  44  pts.  of  cold  water,  the  solution,  when 
evaporated,  yielding  crystals  of  the  anhydrous  salt  (W  ittstein).  Valerate  of  zinc  is 
usea  as  a  remedy  in  nervous  disorders.  The  commercial  salt  is  said  to  be  sometimes 
contaminated  with  butyrate,  the  presence  of  which  may  be  detected  by  separating  the 
acid,  and  testing  with  acetate  of  copper  in  the  manner  already  described  (p.  977). 

Substitutum-deritfotives  of  Valeric  Acid. 
Amidowalerio  Aeid,  OH>'N0'  -  C*H*(NH>)0«.    Vakramic  Acid,     Valcramidie 

Acid. — ^This  acid,  which  might  also  be  regarded  as  oxyvaleramic  acid,  (OHH))"  V^,  was 

H       )^ 
found  by  Gorup-Besanez  (Ann.  Ch.  Fharm.  xcviii.  15),  together  with   leucine 
(amidocaprio    acid)  in  the  pancreas  of  an   ox.    It  is  produced  artificially  by  the 
action  of  ammonia  on  an  alcoholic  solution  of  bromovaleric  acid : 

C*H»BrO»   +   2NH"     -     C*H"NO*  +  NH*Br. 

(Cahours,  Ann.  Ch.  Pharm.  Suppl.  ii.  83. — Fittig  and  Clark,  Zeitschr.  f.  Chem. 
1865,  p.  503).  It  might  probably  also  be  formed,  similarly  to  the  homologous  amic 
acids,  by  reducing  nitrovaleric  acid  with  sulphydric  acid,  and  by  the  action  of  hydro- 
cyanic and  hydrochloric  acids  on  butjrral. 

Amidovaleric  acid  was  prepared  from  the  pancreas  of  the  ox  by  extraction  with  cold 
water.  The  solution  was  boiled,  the  filtrate  mixed  with  excess  of  baryta- water  to 
separate  phosphoric  acid,  and  the  filtrate  evaporated  to  a  syrup  over  the  water-bath ; 
whereupon  it  aeposited  a  mixture  of  leucine  and  amidovaleric  acid,  which  were  sepa- 
rated by  fractional  solution  in  alcohol  of  specific  gravity  0*82,  the  amidovaleric  a!cid 
being  much  less  soluble  than  the  leucine.  It  was  ultimately  purified  by  reciystallisa- 
tion  from  strong  alcohol. 

Amidovaleric  acid  closely  resembles  leucine  (amidocapric  add),  but  is  lees  soluble  in 
water  and  in  alcohol,  especially  in  the  latter ;  it  is  insoluble  in  ether.  It  unites  with 
acids,  forming  crystallisable  compounds,  which  are  much  more  soluble  than  the  corre- 

Xnding  ieucine-salts.     It  dissolves  easily,  and  without  deoompoeition,  in  aqueous 
alis,  forming, for  the  most  part,  ciystallisable  compounds. 

When  heated  in  a  glass  tube,  it  melts  and  sublimes,  with  partial  decomposition, 
giving  off  alkaline  vapours  having  a  strong  odour  of  herring-pickle,  probably  tetryl- 
amine.    When  heated  in  the  air,  it  burns  quickly  with  a  bluisn  flame. 

Bromowaleiio  Aeid«  C*H*BrO'.— Produced  by  the  action  of  bromine  on  Taleric 
acid  at  140^ — 150°  (Cahours,  Ann.  Ch.  Pharm.  Suppl.  ii.  74),  or  on  valerate  of 
silver  (Borodine,  t6i<f.  cxix.  121).  It  is  a  colourless  heavy  oil,  having  a  pungent 
odour,  and  boiling,  according  to  Cahours,  between  226°  and  230°,  without  perceptible 
decomposition  ;  according  to  Borodine,  on  the  other  hand,  it  is  decomposed  by  boiling, 
giving  off  hydrobromic  acid,  yielding  a  distillate  containing  valeric  acio,  and  apparently 
valeral,  and  leaving  a  carbonaceous  residue. 

Bromovaleric  acid  separates  valeric  acid  from  valerates.  Its  compounds  with  the 
alkalis  and  alkaline  earths  are  easily  soluble  and  not  czystallisable.  The  silvor-salt 
is  white,  insoluble,  and  very  unstable.     (Borodino.) 

This  acid  is  easily  etherifiod ;  its  ethylic  ether  boils  between  190°  and  194°. 
.  Ohlorovmlario  AeiOa*  THchlorovaleric  or  Chlorovalerisic  acid^  C*H'C1*0*, 
is  formed  by  passing  chlorine-gas  into  hydric  valerate  in  the  dark,  the  liquid  betntl 
cooled  at  first,  and  afterwards  warmed  to  50°  or  60° ;  the  excess  of  chlorine  is  expell(*d 
by  a  stream  of  carbonic  anhydride.  Trichlorovaleric  acid  is  an  oily  liquid,  very  viscid 
at  —  1 8°  ;  not  very  mobile  at  ordinary  temperatures,  but  perfectly  mobile  at  80°.    It  is 

inodorous,  has  a  sharp  bumine  taste,  is  heavier  than  water,  and  decomposes  at  110° 

120°,  with  evolution  of  hydrochloric  acid.  In  contact  with  water  it  forms  a  very  fluid 
hydrate,  which  sinks  to  the  bottom  of  the  water.  The  acid  dissolves  in  aqueous  alka- 
lis, but  is  precipitated  therefrom  by  acids  in  its  original  state.  The  aqueous  solution 
forms,  with  nitrate  of  silver,  a  precipitate  soluble  in  nitric  acid.   (Dumas  and  Stas.) 

J^trachlorovateric  or  Chlorovalfrosic  acid,  C*H*C1*0»,  is  formed  by  the  prolonged 
action  of  an  excess  of  chlorine  on  valeric  acid  in  sunshine,  the  action  beinff  ultimately 
assisted  by  heating  the  liquid  to  60°.  It  is  a  colourless,  inodorous,  semifluid  oil,  having 
a  sharp,  burning,  bitter  taste,  heavier  than  water,  not  solidifying  at  — 15°,  not  volatile, 
decomposing  when  heated  above  150°.     It  unites  with  water,  forming  an  oil j  hydrate, 
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Gent  her  and  Greiner  (Jahresb.  1865,  p.  319)  obtained  no  raleiyl,  bntthe  soiium- 
salt  of  a  crystalligabLe  acid,  and  an  oily  body,  vhich,  when  distilled,  yielded,  as  priod- 
pal  product,  a  liquid  boiling,  like  the  so-called  diamylvaleral  (p.  974),  between  240^ 
and  260^ 

Amylic  Valerate^  C*H*(C*H")0,  is  prepared  as  above,  and  is  likenfise  formed  in 
the  preparation  of  ^eric  acid  by  oxidising  amylic  alcohol  with  sulphuric  acid  and 
potassic  chromate,  being  contained  in  the  oily  liquid  separated  from  the  valerate  of 
sodium  (p.  975).  It  is  an  oily  liquid,  having  an  agreeable  fruity  odour.  Specific 
gravity  «  0*8646  at  17*^.  Boiling-point  187°  to  188°  (Kopp);  196°  (Balard). 
Vapour-density  »  6*1.  A  solution  of  this  ether  in  6  to  8  pts.  alcohol  has  a  strong 
odour  of  apples,  and  is  used  for  aromatising  sugar,  &c. 

Cetylic  Valerate,  C*H»(C"H*»)0,  has  a  specific  gravity  of  0*852 at  20°,  melts  at 
25®,  solidifies  again  at  20^  and  boilsat  280°— 290«>.  (E.Dollfus,  Ann.  Ch.  Pharm. 
cxxxi.  283.) 

VA&BSZC  XOBZBBy  C^H'OI,  is  prepared  by  distilling  an  anhydrous  valemte 
with  iodide  of  phosphorus,  and  rectifying  the  distillate  over  mercury.  It  is  a  heavy* 
nearly  colourless  liquid,  boiling  at  108°,  quickly  decomposed  by  water  and  by  alcohoL 
(Cahours,  Compt.  rend.  xliv.  1252.) 

VAXiBSXC  OZX»Bfl.  The  protoxide,  (C*H«0)H),  has  been  already  described  as 
valeric  anhydride  (p.  979). 

Valeric  Peroxide,  C"H"0*=(C*H»0)«0*,  is  produced  by  the  action  of  hydrated 
barium-peroxide  on  valeric  anhydride.  It  is  a  heavy  oily  liquid,  slightly  soluble  in 
water,  exploding  slightly  when  heated,  and  acting  as  an  oxidising  agent  when  suspended 
in  water.    (Brodie,  Proc.  Boy.  Soc.  xii.  655.) 

VAZiBBXarS.  Glycerides  produced  by  heating  valeric  acid  with  glycerin.  The 
delphinin  or  phocenin  which  Chevreul  obtained  by  treating  dolphin-oil  with  alcohol, 
was  probably  a  mixture  of  trivalerin  with  monovalerin  and  divalerin. 

Monovalerin,  C«H'«0»  -  (C«H»)'"(HO)«.(C»H»0«)  -  C»H»*0«  +  C»H«0»  -  HK). 
— Produced  by  heating  valeric  acid  with  excess  of  glycerin  to  200°  for  three  hours, 
and  purified  with  potash-ley«  &c.  in  the  usual  way.  It  is  also  formed  by  the  action 
of  hydrochloric  acid  gas  on  a  mixture  of  glycerin  and  valeric  acid.  Oily  neutral  liquid 
having  a  faint  odour,  and  a  specific  gravity  of  1*100  at  16°.  Mixes  with  half  its  bulk 
of  water  to  a  clear  liquid ;  separates,  on  addition  of  more  water,  and  mixes  with  100 
vols,  water  to  a  liquid  having  the  character  of  an  emulsion.  By  contact  with  the  air 
for  some  weeks  it  becomes  acid,  and  then  contains  free  valeric  acid,  but  the  alteration 
is  not  attended  with  any  perceptible  absorption  of  oxygen.  Alcohol  and  hydrochloric 
acid  decompose  it,  even  in  the  cold,  forming  ethylic  valerate  and  glycerin.  Aqueous 
ammonia  slowly  converts  it  into  valeramide. 

Divalerin,  C"H"0»  -  (C«H»)'".HO.(C*H»0»)«  »  C*HK)«  -i-  2C*H»K)*  -  2H*0. 
—Produced  by  heating  glycerin  with  valeric  acid  to  275°.  Oily  liquid,  having  a  dis- 
agreeable fishy  odour  and  a  bitter  aromatic  taste.  Specific  gravity  »  1*059  at  16°. 
Solidifies  at  —40®,  but  remains  soft  and  transparent;  does  not  mix  readily  with 
water.    Its  reactions  are  similar  to  those  of  monovalerin. 

Trivalerin,  C"H"0«  -  (C«H»)'"(C»nW)«  -  C«H«0«  +  3C*H»«0«  -  3H«0. 
— ^Produced  by  heating  divalerin  to  220*^  with  8  or  10  times  its  weight  of  valeric  acid. 
It  is  a  neutr^  oily  liquid,  having  a  faint  unpleasant  odour,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether ;  decomposed  by  alcohol  and  hydrochloric  add  like  tho 
other  Valerius.     (Berthelot.) 

VAXiHKZSXC  ACXB8,  in  the  nomenclature  of  Laurent  and  others,  are  substitu- 
tion-products of  valeric  acid,  in  which  3  at.  hydrogen  are  replaced  by  chlorine  or 
other  radides,  e.g.  chlorovalerisic  acid,  C*K'C1'()'.  In  like  manner,  those  products  in 
which  4  at.  hydrogen  are  thus  replacc>d,  are  called  valerosic  acids. 

VA&BROBZOBXiORBTBSZW,  (C»H»)'"(C»H»0)0C1«,  is  pnxiuccd  by  heating 
epichlorhydrin  (i.  894)  with  chloride  of  valeryl  to  100°.  It  is  a  mobile  liqnid,  smell- 
ing like  amylic  acetate,  having  a  specific  gravity  of  1149  at  11°,  and  boiling  at  245"*, 
under  a  pressure  of  737  mm.    (Truchot,  Ann.  Ch.  Pharm.  cxxxviii.  297.) 

(C»H»)" 
VAZiB&OOZiTCXSA&.     CH'^O'   -  H 

H*0. — A  compound  analogous  to  acctal,  proauced  by  heating  glycerin  with  valeral  to 
170°— 180°  for  24  hours.  It  is  a  liquid  boiling  between  224°  and  228°.  Specific 
parity  -•  1*027  at  0°.  Vapour-density,  obs.  =»  5*526  ;  calc.  —  5*544.  It  is  inso- 
luble in  Wiiter,  has  only  a  faint  odour,  but  is  decomposod  by  moist  air,  and  then  emits 
an  odour  like  that  of  valeruL  (Harnitz-Harnitzky  and  Menschutkin,  Ann. 
Ch.  Pharm.  cxxxvi.  126 ;  Jahresb.  1865,  p.  506.) 

Similar  compounds  are  obtained  with  acetic  and  l)f>nz(>ic  aldehydes. 


0«    -    C»H"0«  +  C*H»»0  - 
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mobile  liquid,  which  floats  on  water,  and  is  nearly  insoluble  therein.  It  has  a  pungent 
alliacooiis  odour,  boils  at  44°  to  469  under  a  pressure  of  745  mm.,  has  a  TaponxHiensitj 
of  2*356  (calc.  2*^4).  It  is  not  absorbed  by  an  ammoniacal  solution  of  cuprous  chloride*. 
Bromine-compaundt  of  VaUrylene, — Valerylene  shaken  up  with  strong  aqueous 
hydrobromic  acid,  becomes  hot  and  is  conrerted  into  a  red  oil,  which,  after  washing 
with  alkaline  water,  yields,  by  fractional  distillation,  the  two  following  compounds : 

Monohydrobromate  of  Taleiylene,  C*H".HBr,  boiling  at  112^; 
Dihydrobromate  of  Talerykne,  C»H*.2HBr,  „         1 109—1 76°. 

The  former,  which  is  the  chief  product,  is  distinguished  from  the  isomeric  body  mono- 
bromamylene,  C*H*Br,  boiling  at  116®,  chiefly  by  its  property  of  forming  with  bromine 
a  liquid  compound,  C^H'.HBr.Br',  whereas  monobromamylene  forms  with  bromine  a 
crystallisable  compound,  C*H*Br.Br'. 

When  bromine  is  added  by  drops  to  valerylene  cooled  by  a  freezing  mixture,  a  fresh 
quantity  of  yalerylene  added  before  the  red  colour  appears,  then  more  bromine,  and  so 
on  alternately,  a  heavy  oil  is  formed  containing  two  liquid  bromine-c(mipounds, 
C^H'Br*  and  C^H'Br*,  in  rarious  proportions.  If  the  addition  of  bromine  be  discon- 
tinued when  no  more  instantaneous  decoloration  takes  place,  the  product  consists 
mainly  of  the  dibzomide ;  in  the  contrary  case,  provided  the  action  be  sufficiently  pro- 
longed, nothing  but  tetrabromide  is  obtained.  In  sunshine  the  tetrabromide  fosms  in 
an  hour  or  two,  together  with  the  crvstalline  compound,  C^H'Br.BH  (a). 

Tetrabromide  of  Valerylene^  C*H'Br*,  is  a  thick  very  heavy  liquid,  which  does  not 
solidify  at  —10°;  it  is  isomeric  with  the  (probably  solid)  bromide  of  dibromamylene, 
C*H"Br*.Bi«. 

Dibromide  of  Valerylene^  C^H'GBr',  is  obtained  by  distilling  the  above-mentioned 
mixture,  and  collecting  the  portion  which  passes  over  below  200°.  It  boils  at  166^ — 
172°,  and  unites  quickly  with  bromine,  forming  a  tetrabromide,  from  which,  however, 
on  exposure  to  sunshine,  crystals  of  a  compound,  C*H'Br.Br*(6)  separata,  differing 
from  the  isomeric  body  (a)  in  crystalline  form,  behaviour  when  heated,  and  solubility 
in  ether.  Hence  it  appears  probable  that  there  are  two  isomeric  tetrabromides  of 
valerylene,  OH'Br*  and  0*H*Br*'.Br',  each  of  which  yields  a  corresponding  anbcAJtu- 
tion-product.    Wurtz's  diallyl  is,  perhaps,  homologous  with  valerylene. 

Bromowdtrylene^  C*H'Br< — ^When  the  above-mentioned  mixture  of  dibromide  and 
tetrabromide*  of  valerylene  is  distilled  to  dryness  with  alcoholic  potash-solution,  and  the 
distillate  mixed  with  water,  a  heavy  oil  separates,  which  is  resolved  by  fractional 
distillation  into  the  three  following  compounds: — (1)  Dibromide  of  valerylene, 
C*n*Br'  (boiling  at  170° — 175°),  mixed  with  a  small  quantity  of  the  compound 
C»H«Br(C»H*0) ;  (2)  Br&movalerylene,  C*H'Br,  boiling  at  126°— 130°;  and  (3) 
ValyUne,  OH*,  boiling  at  46°  to  60°,  together  with  a  small  quantity  of  valerylene. 
The  formation  of  these  bodies  is  represented  by  the  equations : 


0»H«Br*  -     HBr     «     C»H'Br. 

Bromovalerylene. 

C»H»Bt«  -  2HHr     «     C*H«. 

Valylenc. 

C»H«Br»  -        Br»    =     C»H». 

Valerylene. 

Bromovalerylene  is  partially  decomposed  by  distillation,  and  becomes  coloured  by  keep- 
ing. It  unites  at  low  temperatures  with  bromine,  forming  the  compounds  (>H'Br* 
and  C^H'Br*.  When  shaken  up  with  an  ammoniacal  solution  of  ntproais  ekloride,  it 
is  immediately  converted  into  a  yellow  solid  body,  consisting  of  cuprous  valylide, 
C*H^Cu,  together  with  cuprous  bromide  and  oxide : 

OH'Br  +  Cu«0     -     C»H»Cu  +   CuBr  +   H«0. 

k    8yn.  with  Valbral  (p.  978.) 

See  Cabbaxidxs  (i.  763). 

The  commercial  name  of  the  large  cups  of  the  pricklv-cnpped  oak 
(Quereus  .X^ops),  an  infusion  of  which  is  used  in  tanning  leather.  They  contain 
tannin  and  galhc  acid.  The  tannin  does  not  yield  pyrogallic  add  by  dry  distillation, 
and  is  but  slightly  precipitated  by  sulphuric  acid,  even  from  very  concentrated 
Bolutions. 

▼A&T&.    Kolbe's  name  for  Tstrtl  or  Buttl. 

VA&TZiSVB.  C*H*.  (Reboul,  Ann.  Ch.  Fharm.  czzzr.  872;  Jahzwb.  1866. 
p.  610.) — This  hydrocarbon  is  found,  as  above  mentioned,  among  the  products  uf 
the  action  of  alcoholic  potash  on  dibromide  of  valerylene,  passing  over  on  dis- 
tillation, together  with  a  httle  valervlene,  between  46°  and  60°.  It  may  be  obtained 
pure  bv  treating  the  mixture  witn  ammoniacal  cuprous  chloride,  which  converts 
the  vaWlene  into  cuprous  val^lide,  C*H*Cq,  but  does  not  act  upon  the  valery- 
lene.    The  cuprous  lalylide  (which  may  also  be  obtained  by  the  action  of  ammo- 
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to  time ;  and  the  liquid  is  filtered  at  the  boiling  heat.  On  cooling,  it  depoAts  wliit« 
needles  of  ammoninm-Tanadate,  which  may  be  purified  by  reoystalliatioo*  (Job  d- 
■  ton,  N.  Edinb.  J.  of  Sc  r.  166,  318.) 

4.  From  the  lime-precipitate,  obtained,  as  already  mentioned,  in  working 
the  cobalt-ore  of  Mottram  in  Cheshire. — ^This  precipitately  containing  mainly 
arsenic,  iron,  lead,  copper,  ranadinm,  and  lime,  with  sulphnric  and  phoephorie  acids, 
was  first  well  fiimaced  with  ground  coal,  to  drive  off  the  greater  portion  of  the  arMnic ; 
then  roasted  with  one  quarter  of  its  weight  of  soda-ash,  so  as  to  conrert  the  ranadium 
into  a  soluble  vanadate ;  and  on  lixiriation,  arsenic  and  the  heary  metals  were  com- 
pletely thrown  down  by  sulphuretted  hydrogen.  The  deep  blue  solution  was  neutra- 
lised by  ammonia,  the  precipitated  ranadium-oxide  dried  and  oxidised  by  nitric  acid, 
and  the  crude  Tanadie  acid  thus  obtained  was  boiled  out  with  a  saturated  solution  of 
ammonium-carbonate.  The  slightly  soluble  ammonium -Tanadate  was  wasbed  and 
recrystallised.  In  order  to  prepare  pure  VHnadic  add  from  this  salt,  it  was  roasted,  and 
the  powdery  acid  thus  obtained  was  suspended  in  water  iuto  which  ammonia-gns  was 
passed ;  the  dissolved  ammonium-vanadate  was  separated  by  filtration  from  a  residue 
containing  silica,  phosphates,  &c.  The  pentoxide  obtained  by  heating  thia  salt  was 
free  from  phosphorus.  A  second  method  of  preparing  the  pure  Tanadium-pentox2d«> 
consists  in  decomposing  the  pure  oxychloride  with  water,  and  freeing  the  acid  &om  any 
traces  of  silica  by  exposure  to  hydrofluoric  acid  gas.  Great  difBculty  was  experienoed 
in  obtaining  vanadium  firee  ftom  phosphorus ;  all  the  native  vanadates  contain  large 
quantities  of  phobphorus.     (Roscoe.) 

Metallic  vanadium  remains  when  vanadium-nitride  is  heated  to  whiteness  in  am- 
monia-gas (Uhrlaub,  Pogg.  Ann.  ciii.  134),  but  it  does  not  appear  to  have  been 
obtainea  quite  pure. 

Berzelius,  by  igniting  vanadium-pentoxide  with  potassium,  and  washing  out  the 
fused  mass  with  water,  obtained  a  brilliant  metallic-looking  powder,  which  has  been 
hitherto  regarded  as  pure  vanadium ;  but  Roscoe  has  shown  that  it  is  an  oxide. 

Compoundaof  Vanadium, — ^Berseli  u  s,  to  whose  elaborate  research,  published 
in  1831  (Pogg.  Ann.  xzii.  1),  we  were  till  lately  indebted  for  nearly  all  our  knowledge 
of  the  vanadium-compounds,  obtained  three  oxides,  to  which  he  assigned  the  formube 
VO,  VO',  V(JF  ( F  »  68*5,  O  —  8) ;  he  also  obtained  a  chloride  corresponding  to  the 
highest  oadde,  namely  VCl'.  According  to  these  results,  vanadium  was  regarded  as 
a  metal  belonging  to  the  same  class  as  chromium,  molybdenum,  and  tungsten.  This 
view,  however,  was  somewhat  diflScult  to  reconcile  with  the  observed  fiict  of  the  iso- 
morphism of  certain  vanadium-compounds  with  analogous  compounds  belonging  to  the 
phosphorus  and  arsenic  groups ;  the  mineral  vanadinite,  for  example,  whidi  is  a  c<»m- 
pound  of  lead-vanadate  and  lead-chloride,  is  isomorphous  with  apatite,  pyromorphite. 
and  mimetesite — minerals  consisting  of  calcium-phosphatochloride,  lead-phosphato- 
chloride,  and  lead-arsenatochloride.  This  anomalv  induced  several  (^mists  to  suspect 
that  vanadium  might  really  belong  to  the  phosphorus  and  arsenic  group  of  elements. 
Baumgarten,  in  particular  (Jahresb.  1865,  p.  219),  was  led  to  this  conclusion  by  ob- 
serving among  the  last  crystallisations  from  the  soda  mother-liquors  at  Schoniufren, 
colourless  crystals,  consisting  of  phosphatofluoride  of  sodium,  2Na*PO*.NaF.19HK>, 
in  which  the  phosphorus  was  partly  replaced  by  arsenic,  and  to  a  greater  extent  by 
vanadium  (the  crystals  containing  from  0*89  to  1*06  per  cent,  vanadic  oxide).  Baum- 
garten likewise  obtained  perfectly  similar  crystals,  containing  the  same  proportion  of 
vanadium,  by  direct  ^nthesis. 

Such  observations  could  not,  however,  be  regarded  as  having  much  weight  against 
the  definite  experimental  results  of  Berzelius,  which  showed  beyond  doubt  that,  if  the 
lowest  of  the  three  oxides  obtained  by  him  is  a  monoxide,  VO,  the  highest  must 
be  a  trioxide,  V(^.  This  conclusion  was  based : — 1.  On  the  constant  loss  of  weight 
which  the  highest  oxide  undergoes  on  reduction  in  hjdrogen  at  a  red  heaL — 2.  On 
the  action  of  chlorine  on  this  reduced  oxide,  whereby  a  volatile  chloride  is  formed,  and 
a  residue  of  vanadic  oxide  obtained,  which  is  found  to  be  exactly  one-third  of  the  quan- 
tity originally  taken  for  reduction  in  hydrogen.  These  results  may  be  represented  by 
the  following  equations : 

(1)  ro«  +  //»   -    Fo  +  ^a« 

(2)  sro  +  cj}  =    ro»  +  2rc/». 

But  the  recent  experiments  of  Roscoe,  whilst  fully  confirming  these  Aindamental 
results  of  Berzelius,  and  proving  that  if  the  atomic  weight  assigned  to  vanadium  by 
that  chemist,  viz.  68*6,  be  correct,  the  formule  of  the  oxides  must  be  FO,  FO*,  FO", 
or  VO,  V*0«,  V*0*,  and  that  of  the  voUtile  chloride  VCl",  have  shown,  on  the  other 
hand, — 1.  That  the  supposed  metal  of  Berzelius  is  really  an  oxide. — 2.  That  the  quantities 
of  oxygen  in  this  and  the  three  higher  oxides,  united  with  the  same  weif^t  of  vanadium, 
are  to  one  another  as  the  numbers  2, 3,  4,  5 — these  four  oxides  being,  in  fact,  represented 
by  the  formula  VK)*,  VO*,  V'O*,  VK)*,  analogous  to  those  of  the  oxides  of  nitrogen 
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The  aqueous  solutions  of  the  Tanadates  are  oolourrd  red  br  tha  stiODger  adds,  bit  tie 
mixture  often  becomes  colourless  again  after  a  while.  They  gkve  Ofrmnge-rad  i^raopi- 
tatos  with  the  anttTnonuma,  plumbic,  cupriCf  and  mercuric  stuts. — StUpigfdrie  mad  pRK- 
duces,  in  neutral  solutions  of  the  vanadates,  a  mixed  precipitata  of  suplmr  and  bj- 
drated  ranadious  oxide ;  in  acid  solutions  it  merely  throws  a0Wii  stilpliiiry  and  ndiieei 
the  vanadic  oxide  to  vanadious  oxide. — Sulphide  of  ammoniutn  imparUi  to  lolitna 
of  the  vanadates  a  brown-red  colour,  and,  on  adding  an  add  to  the  aolatioii,  a  Ugbt- 
brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixed  with  anli^iar;  Uh 
liquid,  at  the  same  time,  generally  acquires  a  blue  colour. 

Vanadic  and  chromic  adds  are  the  only  acids  whose  ■olntioiia  are  xed ;  tbcj  wn 
distinguished  from  one  another  by  the  vanadic  add  beooming  blue,  and  the  chranie 
acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alkaline  vmiudatt, 
is  shaken  up  with  ether  containing  hydric  peroxide,  the  a(|neoa8  solntion  a^fiurBB  a 
red  colour,  like  that  of  ferric  acetate,  while  the  ether  remains  colonrlesa.  Turn  rese* 
tion  will  serve  to  detect  the  presence  of  1  pt.  of  vanadic  add  in  40,000  ptn.  of  fif^dd. 
The  red  colouring  is  also  produced  by  ozonised  oil  of  turpentine,  and  dt  hydric  per- 
oxide alone ;  also  by  ordinary  ether  not  containing  hydnc  peroxide.  Uhiomie  add, 
even  in  considerable  quantity,  dc»es  not  interfere  with  the  reaction.  (O.  Wertlier, 
J.  pr.  Chem.  Ixxxiii.  195.) 

3.  Estimation  and  Separation. — Vanadium,  in  the  form  of  £ree  pentozideor 
tetroxide,  is  estimated  by  reducing  it  to  trioxide  by  ignition  in  a  etream  of  hydzoga. 

In  solutions  of  vanadites,  the  vanadium  is  precipitated  by  mixing  the  solntioawitli 
0X0068  of  mercuric  chloride,  and  then  with  ammonia.  The  predpitate,  consisting  of 
mercuric  vanadite  and  chloride  of  dimercurnmmonium  (white  precipitate)  is  ignited  in 
contact  with  the  air,  whereupon  vanadium-pentoxide  remains  mixed  only  with  a  small 
quantity  of  mercuric  oxide,  from  which  it  is  separated  by  solntion  in  caibooate  of 
ammonia. 

When  vanadic  add  is  dissolved  in  a  liquid  not  containing  any  other  fixed  omstitii- 
ent^,  it  may  bo  separated  as  vanadium-pentoxide  by  evaporation,  and  if  volatile  adds 
or  ammonia  are  atso  present,  by  igniting  the  residue. 

Vanadic  acid  may  be  separated  from  many  acids  and  other  substances,  by  causing  it 
to  unite  with  ammonia,  expelling  Uie  excess  of  ammonia  by  evaporation,  and  dieo 
adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadate  of  ammonia  is  inso- 
luble. The  precipitate  is  then  washed  on  a  filter,  first  with  solution  of  flal-ammooiae, 
then  with  alcohol,  and  the  ammonia  driven  off  by  ignition.  This  method  serves  to 
separate  vanadium  from  the  alkali-metals. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solubilitj 
of  its  sulphide  in  sulpnide  of  ammonium ;  and  from  others,  which  are  pzedpitated 
from  their  acid  solutions  by  sulphydric  acid,  by  addulating  the  liqnid  and  passing 
sulphydric  add  gas  through  it;  the  vanadium  then  remains  dissolved  in  the  form  of 
vanadious  oxide. 

From  lead,  barium,  and  strontium,  vanadic  acid  may  be  separated  by  fudon  with 
acid  sulphate  of  potassium ;  on  treating  the  fused  mass  with  water,  sulphate  of  lead, 
barium,  or  strontium  remains,  while  vanadate  of  potassium  is  dissolved.  Sulphuric 
acid  cannot  be  used  to  effect  this  separation,  because  the  predpitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium.     (B erzel i u  s.) 

Vanadium  may  also  be  separated  from  these  metals,  and  from  all  others  which  form 
insoluble  carbonates,  by  fusing  the  vanadate  with  twice  its  weight  of  sodium-carbonate, 
digesting  the  fused  mass  in  water,  and  washing  the  undissolved  portion,  (r.  Hauer, 
J.  pr.  Chem.  Ixix.  385.) 

Atomic  Weight  of  Fan  ad  turn. — The  atomic  weight  of  this  metal  has  been  de- 
termined in  two  ways : — a.  Bv  igniting  vanadium-pentoxide,  V«0*,  in  pure  dry  hydio- 
gon-gas,  whereby  it  is  reduced  to  the  trioxide,  V«0*.  The  atomic  weight  of  vanadium 
is  then  determined  from    he  equation : 

«       8(66-80) 
"     '   a-b    ' 
where  a  »  the  weight  of  vanadium-pentoxide  taken ; 
it      b  ss  ,,  vanadium*  trioxide  obtained* 

Roscoe,  in  four  experiments,  obtained  the  following  results : 

Weight  of  Weight  of  Atomto 

No.  pentoxide  trioxide  weight  of 

taken.  obtained.  TanadluiOt 

1.  7-7397  6-3827  51-20 

2.  6-6819  6-4296  61-39 

3.  61896  4-2819  61-48 

4.  60460  41614  61-86 
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The  aqueous  solutions  of  the  vanadates  are  coloured  red  by  the  stronger  adds,  but  the 
mixture  often  becomes  colourless  again  after  a  while.  They  give  orange-red  precipi- 
tates with  the  antimonious,  plumbic,  cupric,  and  mercuric  salts. — Sulphydric  acid  pro- 
duces, in  neutral  solutions  of  the  vanadates,  a  mixed  precipitate  of  sidphur  and  hy- 
drated  vanadious  oxide ;  in  acid  solutions  it  merely  throws  down  sulphur,  and  reduces 
the  vanadic  oxide  to  vanadious  oxide. — Sulphide  of  ammonium  imparts  to  solutions 
of  the  vanadates  a  brown-red  colour,  and,  on  adding  an  add  to  the  solution,  a  light- 
brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixed  with  sulphur ;  the 
liquid,  at  the  same  time,  generally  acquires  a  blue  colour. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are  red ;  they  are 
distinguished  from  one  another  by  the  vanadic  add  becoming  blue,  and  the  chromic 
acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alkaline  vanadate, 
is  shaken  up  with  ether  containing  hydric  peroxide,  the  a<|ueous  solution  acquires  a 
red  colour,  like  that  of  ferric  acetate,  while  the  ether  remains  colourless.  This  reac- 
tion will  serve  to  detect  the  presence  of  1  pt.  of  vanadic  acid  in  40,000  pts.  of  liquid. 
The  red  colouring  is  also  produced  by  ozonised  oil  of  turpentine,  and  by  hydric  per- 
oxide alone ;  also  by  ordinary  ether  not  containing  hydnc  peroxide.  Chromic  add, 
even  in  considerable  quantity,  does  not  interfere  with  the  reaction.  (G.  Werther, 
J.  pr.  Chem.  Izxxiii.  195.) 

3.  Estimation  and  Separation. — ^Vanadium,  in  the  form  of  free  pentozide  or 
totroxide,  is  estimated  by  reducing  it  to  trioxide  by  ignition  in  a  stream  of  hydrogen. 

In  solutions  of  vanadites,  the  vanadium  is  precipitated  by  mixing  the  soludon  with 
excess  of  mercuric  chloride,  and  then  with  ammonia.  The  precipitate,  consisting  of 
mercuric  vanadite  and  chloride  of  dimercurammonium  (white  precipitate)  is  ignited  in 
contact  with  the  air,  whereupon  vanadium-pentoxide  remains  mixea  only  with  a  small 
quantity  of  mercuric  oxide,  from  which  it  is  separated  by  solution  in  carbonate  of 
ammonia. 

When  vanadic  acid  is  dissolved  in  a  liquid  not  containing  any  other  fixed  constitu- 
ents, it  may  be  separated  as  vanadium-pentoxide  by  evaporation,  and  if  volatile  adds 
or  ammonia  are  a^  present,  by  igniting  the  residue. 

Vanadic  acid  may  be  separated  from  many  acids  and  other  substances,  by  causing  it 
to  unite  with  ammonia,  expelling  the  excess  of  ammonia  by  evaporation,  and  then 
adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadate  of  ammonia  is  inso- 
luble. The  predpitate  is  then  washed  on  a  filter,  first  with  solution  of  sal-ammoniac, 
then  with  alcohol,  and  the  ammonia  driven  off  by  ignition.  This  method  serves  to 
separate  vanadium  from  the  alkali-metals. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solubility 
of  its  sulphide  in  sulphide  of  ammonium ;  and  from  others,  which  are  predpitated 
from  their  acid  solutions  by  sulphydric  acid,  by  acidulating  the  liquid  and  passing 
sulphydric  add  gas  through  it;  the  vanadium  then  remains  dissolved  in  the  form  of 
vanadious  oxide. 

From  lead,  barium,  and  strontium,  vanadic  acid  may  be  separated  by  fusion  with 
acid  sulphate  of  potassium ;  on  treating  the  fused  mass  with  water,  sulphate  of  lead, 
barium,  or  strontium  remains,  while  vanadate  of  potassium  is  dissolvea.  Sulphuric 
add  cannot  be  used  to  effect  this  separation,  because  the  predpitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium.    (Berzelius.) 

Vanadium  may  also  be  Boparate<l  from  these  metals,  and  from  all  others  which  form 
insoluble  carbonates,  by  fusing  the  vanadate  with  twice  its  weight  of  sodium-carbonate, 
digesting  the  fused  mass  in  water,  and  washing  the  imdissolved  portion,  (v.  Haner, 
J.  pr.  Chem.  Ixix.  385.) 

Atomic  Weight  of  Vanadium. — The  atomic  weight  of  this  metal  has  been  de- 
termined in  two  ways : — o.  By  igniting  vanadium-pentoxide,  VK)*,  in  pure  dry  hydro- 
gon-gas,  whereby  it  is  roducea  to  the  trioxide,  VO*.  The  atomic  weight  of  vanadium 
is  then  determined  from    he  equation: 

^       8  (66- 8a) 

a-6    • 
where  a  b  the  weight  of  vanadium-pentoxide  taken ; 
t%      b  ^  „  vanadium*  trioxide  obtained* 

Roscoo,  in  four  experiments,  obtained  the  following  results : 

Weight  of  Weight  of  Atomie 

No.  pentoxide  tiiOKide  weight  of 

taken.  obtained.  TanaditiaB. 

1.  77397  6-3827  5126 

2.  6*5819  5-4296  61-39 

3.  6-1895  4-2819  51*48 

4.  50450  41614  51*35 
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chloride  mixed  with  a  Tsnadous  salt.    The  precipitate,  when  ignited,  leaves  vanadiam- 
tetroxide,  still  retaining  a  small  quantity  of  mercuric  oxide. 

▼anadiiim^-peBtozidef  VO*.  Vanadic  Oxide.  Vanadic  Anhydride.  Anhydrous 
Vanadic  Acid. — This  is  the  highest  oxide  of  Tanadium.  It  is  |>repared  by  igniting 
vanadate  of  ammonium  in  an  open  platinum-crucible;  when  cold,  it  has  a  rusty-yellow 
colour,  lighter  in  proportion  as  the  oxide  is  more  finely  divided. — ^The  pentoxide  may 
also  be  obtained  by  dissolving  the  impure  totroxide  in  strong  sulphuric  add,  and 
evaporating  the  solution.  Pure  vanadic  sulphate,  V*0*.2S0*JIK)  (p.  617 — there 
called  "  basic  vanadic  sulphate,**  and  represented  by  the  formula  V0*.2SC)*),  then  remains 
as  a  light,  orange-coloured,  sandy  powder,  which,  on  ignition,  leaves  the  pure  pentoxido 
(Fritzsche,  J.  pr.  Chem.  liii.  93). — Very  pure  vanadium-pentoxide  is  likewise 
obtained  by  decomposing  vanadyl-trichloride  with  water  (Schafarik): 

2V0CI"  +   3HK)     -     V«0»  +  6Ha. 

Pure  vanadium-pentoxide  has  a  more  or  less  reddish-yellow  colour :  it  is  tasteless, 
reddens  moistened  litmus-paper,  and  dissolves  in  1,000  pts.  of  water,  forming  a  light- 
yellow  solution.  When  heated,  it  melts  without  decomposition,  if  kept  £rom  contact 
with  deoxidising  substances;  and  the  red  liquid  crystallises  on  cooling,  becoming 
incandescent  at  the  moment  of  solidification,  in  consequence  of  the  heat  then  suddenly 
evolved.  The  solidified  mass  is  yellowish-red,  and  according  to  Nordenskjold 
(Pogg.  Ann.  cxii.  160),  contains  more  or  less  distinct  rhombic  crystals. 

Vanadium-pentoxide  is  not  altered  by  simple  ignition,  but  is  easily  reduced  by 
heating  with  potassium,  charcoal,  hydrogen,  carburctted  hydroeen,  or]^anic  substances, 
&c.  In  solution,  it  is  also  easily  reducM  by  sulphurous  or  sulpbydnc  acid,  and  even 
by  nitrous  acid ;  also  by  stannous  salts,  and  by  sugar,  alcohol,  and  other  organic  sub- 
stances, the  colour  of  the  solution  then  changing  from  red  or  yellow  to  green  and 
blue.  The  solution  of  the  acid  in  hydrochloric  acid  gives  off  chlorine  when  evaporated  ; 
tincture  of  galls  colours  the  solution  of  vanadic  acid  black,  on  standing,  in  consequence 
of  reduction. 

Vanadic  Hydrate  or  Vanadic  Aad,  H«O.VO»  +  aq.  or  2HT0».H«0,  is  ob- 
tained, by  treating  a  somewhat  concentrated  solution  of  an  anhydrovanadate  of 
alkali-metal  with  nitric  acid,  as  a  bulky  fiocculent  precipitate,  which  dries  up  in  the 
air  to  a  light  brown-red  powder  having  the  composition  just  mentioned.  It  gives  off 
1  at.  water  over  oil  of  vitriol,  and  when  dried  by  heat,  forms  solid  lumps,  having  a 
concho'idal  fracture. 

Vanadium-pentoxide  dissolves  in  the  stronger  acids,  forming  red  or  vellow  solutions, 
which  are  partly  decolorised  by  boiling  and  evaporation,  especially  when  they  contain 
excess  of  vanadium ;  many  of  these  solutions  yield  crystalline  compounds  by  spon- 
taneous evaporation.  (See  Phosphatovakadio  Acid,  iv.  686;  and  Sulphates  of 
Vanadium,  v.  617).  Alkalis  added  to  the  solutions,  form  precipitates  soluble  in 
excess.     The  solutions  are  easily  reduced  by  oxidisable  substances. 

VANADATBS.^Vanadium-pentoxide  unites  with  bases  much  more  readily  than 
with  acids.  When  fused  with  alkaline  carbonates,  it  eliminates  3  at.  carbonic  anhy- 
dride, forming  orthovanadates,  analogous  to  the  orthophosphates,  e.g.'. 

3(Na«0.C0«)   +   VK)*     =     3Na«0.V«0*  +   3C0^ 

It  also  forms  metavanadates,  analogous  to  the  metaphosphates,  and  two  series  of 
acid  vanadates  or  anhydrovanadates,  viz.: 

Orthovanadates,  M.VO«    -      ^^^:\o^         -    3M«0.V0*.* 

Metavanadates,  MVO»      =      ^^^^lo»         -    MK).V«0». 

Divanadates,  M»V*0»       =      2MV0'.V«0*      -    M«0.2VO». 
Trivanadates,  M»V«0'«      -    2MVO».2V»0»     -     M*0.3V»0*. 

Metavanadato  of  lead  occurs  native,  as  Dechcnite ;  the  orthovanadate  also,  combined 
with  lead-chloride,  as  Vanadiniie.  Desclounte  is  a  diplumbic  vanadate,  Pb'V^O'  = 
2PbO.V-0^,  analogous  in  composition  to  a  pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them  however,  especially  those  of 
tlie  alkaline  earth-metals,  and  of  zinc,  cadmium,  and  lead,  are  converted  by  warming 
— either  in  the  solid  state,  or  under  water,  or  in  aqueous  solution,  especially  in  presence 
of  a  free  alkali  or  alkaline  carbonate — into  isomeric  colourless  salts.  The  same 
transformation  takes  place  also,  though  more  slowly,  at  ordinary  temperatures.  The 
metavanadates  of  alkali-metal  are  colourless.  The  acid  vanadates  are  yellow,  or 
yellowish-red,  both  in  the  solid  state  and  in  solution ;  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.      The  metavanadates  of 

*  3AfO.  J'O*.  according  to  the  old  atomic  welghti . 
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known  reducing  agent,  and  bleaches  indigo  and  other  vegetable  oolonn  as  qaitMy  u 
chlorine.     (Roscoe.)  

Tlie  degree  of  oxidation  of  the  vanadium  in  the  laTender-oolonred  tolmion  vis 
ascertained  by  oxidising  it  with  a  standard  solution  of  permanganate.  Bjr  this  method 
it  was  found  that  150  pts.  of  vanadium-pentoxide  lost  26-63  percent,  oxjgen  on  nda^ 
tion  with  zinc ;  the  calculated  loss  from  V»0»  to  VK)«  is  26-3. 

When  the  neutral  lavender-coloured  solution  of  a  hypovanadions  salt  is  loft  expoecd 
to  the  air  for  a  few  seconds,  the  colour  changes  to  a  deep  chocolate-brown  from  aUorp- 
tion  of  oxygen;  indeed,  this  reaction  is  as  delicate"  as  that  of  an  alkaline  pjrqgaUaie. 
If  air  be  passed  through  the  acid  lavender-coloured  solution  of  hyporanadioos  sulphate, 
oxygen  is  absorbed,  tLe  liquid  assumes  a  permanent  blue  colour,  and  the  ranadiom  it 
then  contained  in  solution  as  tetroxide.  If  the  free  acid  contained^  in  the  lareodflr 
solution  bo  neutralised  by  zinc,  the  liquid,  on  exposure  to  air,  attains  a  permanent 
brown  tint,  which,  on  addition  of  acids,  becomes  green,  the  solution  then  containing 
vanadium-trioxide.     (Roscoe.) 

Vanadlom^trlozide*  V'O*,  or  ITaiiadjl-moi&oxidey  (V0')''0.  ^  (Benelrasi 
suboxide). — Obtained  by  igniting  the  pentoxide  in  hydrogen-gas,  or  in  a  crucible 
lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  metallic  lustrev  and  iofb- 
siblo  ;  by  pressure  it  may  be  imited  into  a  coherent  mass  which  conducts  electrid^ 
(Schafarik).  When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and 
is  converted  into  pentoxide.  At  ordinary  temperatures,  it  slowlj  absorbs  oxygen, 
and  is  converted  into  tetroxide.  By  ignition  in  chlorine-sas  it  is  convezted  into 
vanadyl-trichloride  and  vanadium-pentoxide.  It  is  insolublo  in  acids,  bat  may  be 
obtained  in  solution  by  the  reducing  action  of  nascent  hydrogen  evolred  from  meUUie 
magnesium  on  a  solution  of  vanadic  acid  in  sulphuric  acid.  100  pts.  of  Tanadium- 
pentoxide  wore  found  to  lose,  on  reduction  with  magnesium,  17*7  per  cent,  oxygen ;  the 
calculated  loss,  on  reduction  to  VH)*,  is  1 7*6  per  cent  Solutions  of  vanadiam-trioxide 
may  also  be  obtained  by  partial  oxidation  of  the  lavender-coloured  solution  of  the  di- 
oxide (Roscoe).  According  to  Schafarik,  vanadium-trioxide  unites  with  acids,  formiog 
salts  (which  may  be  called  hypo  vanadic  salts),  red  in  the  anhydrous,  and  green 
in  the  hydrated  state.  When  the  tetroxide  or  pentoxide  is  ignited  in  a  glass-tube  in  a 
stream  of  hydrogen,  the  glass  acquires  a  red  colour,  in  consequence  of  the  formation  of 
hypovanadic  silicate. 

Vanadiom-tetroaide,  VO*.  Vanadious  Oxide  or  Anhydride,  (Berzelios's 
vanadic  oxide.) — This  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  tii- 
oxide,  or  by  the  partial  reduction  of  the  pentoxide.  By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  bine  shining 
crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion  as  it  has  l)een  less 
strongly  ignited,  forming  solutions  of  vanadious  salts,  which  have  a  bright-blue 
colour.  The  same  solutions  are  produced  by  the  action  of  moderate  reducing  agents, 
such  as  sulphurous,  sulphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solution  ;  also  by 
passing  air  through  acia  solutions  of  the  dioxide  till  a  permanent  blue  colour  is  attained. 
100  pts.  of  vanadium-pentoxide,  reduced  with  sulphurous  or  sulphydric  acid,  lose 
9*03  per  cent. ;  the  calculated  loss  on  reduction  to  the  tetroxide  is  8*75  per  cent 
(Roscoe.) 

The  principal  reactions  of  vanadious  salts  have  been  already  mentioned  (p.  985). 
The  solutions  treated  with  alkaline  carbonates,  yield  a  precipitateof  vanadious  hy- 
drate, which,  when  dried  out  of  contact  with  the  air,  is  neutral,  has  a  grey  colour,  and 
is  insoluble  in  water.  It  oxidises  readily  in  contact  with  the  air,  acquiring  a  brown 
colour  and  acid  reaction,  and  imparting  a  green  colour  to  water.  It  dissolves  easily  in 
acids,  and,  when  ignited,  leaves  the  anhydrous  tetroxide. 

Vanadious  phosphate  and  sulphate  have  been  obtained  in  definite  crystals  (iv.  586 ; 
V.  617). 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
called  vanadites.  Those  of  the  alkali-metals  are  soluble  in  water,  and  are  formed 
by  dissolving  the  tetroxide  or  the  corresponding  hydrate  in  caustic  alkalis ;  the  rest 
are  insoluble  and  are  obtained  by  precipitation. — The  ammonium»8alt  is  likewise  pro- 
duced by  adding  ammonia  to  a  warm  solution  of  a  vanadious  salt  (the  sulphate,  for  exam- 
ple), till  the  resulting  precipitate  redissolves  with  black-brown  colour.  This  solution, 
if  left  to  itself  in  a  well-closed  vessel,  deposits  vanadite  of  ammonium  on  cooling,  as  a 
brown  crystalline  powder,  the  liquid  then  becoming  colourless.  The  salt  dissolves  in 
pure  water,  forming  a  brown  solution,  from  which  it  is  precipitated  by  ammonia. — The 
potassiuni'ScUt,  prepared  in  a  similar  manner,  forms  brown  shining  crystals. 

The  insoluble  vanadites  have  been  but  little  examined. — The  manganoua  tali  is  a 
brown  powder,  which,  when  exposed  to  the  air  in  the  moist  state,  oxidises  to  man- 
ganous  vanadate. — The  mercuric  salt  is  thrown  down,  together  with  chloride  of  dimer- 
curammonium  (white  precipitiite),  on  adding  ammonia  to  a  solution  of  mercuric 
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ammonium,  the  aUtali-metals,  barium,  and  lead  are  but  sparingly  soluble  iu  water, 
the  other  metavanadates  are  more  soluble.  The  alkaline  Tanadates  are  more  sol  able 
in  pure  water  than  in  water  containing  free  alkali  or  salt ;  hence  thej  are  precipi- 
tated from  their  solution,  by  addition  of  alkali  in  excess,  or  of  salts.  The  Tanadates 
are  insoluble  in  alcohoL  The  aqueous  solutions  of  vanadates  form  yellow  precipitates 
with  atUimony-y  copper-^  lead;  ajid  fiMrxwry-salts ;  with  tincture  of  gails,  they  form  a 
deep  black  liquid. 

Vanadates  containing  fixed  bases  are  not  decomposed  by  ignition ;  strong  aeide 
turn  their  solutions  red^  ind  when  added  in  excess,  often  throw  down  very  acid  salts. 
From  concentrated  solutions  of  acid  vanadates,  nitric  acid  throws  down  a  bullqr  brown 

Srecipitate  of  vanadic  acid,  retaining  a  small  quantity  of  the  base. — Uydrochlorie  acid 
ecomposes  the  vanadates,  with  evolution  of  chlorine  and  formation  of  vanadium- 
tetroxide. — Acetic  acid,  in  excess,  takes  away  part  of  the  base  from  neutral  vanadates, 
converting  them  into  di-  and  tri-vanadatcs. — Sulphurous  acid,  alcohol,  and  other 
reducing  agents,  colour  the  acid  solutions  blue,  by  formation  of  vanadium-tetroxide. 

The  vanadates  have  been  examined  chiefly  by  Berzel ins,  and  more  recently  by 
V.  Hauer  (J.  pr.  Chcm.  Ixix.  385;  Ixxvi.  156,  929;  Ixxx.  324),  and  CzndDowics 
(Pogg.  Ann.  cxx.  17 ;  Jahresb.  1863,  p.  221);  their  crystalline  forms  by  Grailich 
{Krystallographische  Untersuchungen,  Wien  u.  Olmiitz,  1858,  p.  3). 

Vanadates  of  Ammonium. — The  metavanadate,  (NH*)VO*,  is  obtained  by 
adding  an  excess  of  ammonia  to  the  reddish-yellow  acid  solution  of  vanadic  acid  io 
ammonia,  then  warming  it  and  leaving  it  to  evaporate,  or  mixing  it  with  alcohol ;  also 
by  placing  a  lump  of  sal-ammoniac,  more  than  sufficient  for  saturation,  in  a  solution 
of  potassium-  or  sodium-vanadato  (p.  985).  It  separates  in  colourless,  transparent, 
crystalline  crusts,  which  dissolve  slowly  in  cold  water,  forming  a  colourless  liquid ; 
quickly  in  boiling  water,  forming  a  yellow  solution.  It  is  decomposed  by  heat,  leaving 
vanadium-pentoxide  when  heated  in  contact  with  the  air.  Its  solution  forms,  with 
tincture  of  galls,  a  deep  black  liquid,  which  may  be  used  as  an  insoluble  ink.  Alkalis 
do  not  act  upon  it ;  acids  colour  it  blue ;  chlorine  destroys  the  black  colour,  but  the 
ink  does  not  fade  spontaneously  (Berzolius). — Yellow  metavanadate, — The  yellow 
solution  of  vanadic  acid  in  ammonia  mixed  with  excess  of  ammonia,  and  left  to 
evaporate  without  warming,  yields  lemon-yellow  indistinct  crystals,  which  dissolve  in 
water  with  the  same  colour,  and  are  reprecipitated  therefrom  by  alcohol. 

The  divanadatc,  2(NH«)VO«.V*0*.4H»0  or  (NH*)«0.2V«0».4HK),  is  obtained  by 
saturating  warm  ac^ueous  ammonia  with  vanadic  acid,  and  leaving  it  to  evaporate; 
or  by  mixing  a  boiling  solution  of  the  metavanadate,  gradually  and  with  agitation, 
with  acetic  acid,  till  the  precipitate  redissolvcs.  The  yellowish-red  liquid,  on  cooling, 
deposits  the  salt  in  large,  transparent,  orange-red  crystals,  which  dissolve  in  water, 
and  are  precipitated  by  alcohol  as  a  lemon-yellow  powder. — This  trivanadatt^ 
(NH«)V0«.V«0*.3H«0  or  (NH«)»0.3VK)».6H»0,  is  obtained  by  repeated  ciystallisa- 
tion  of  the  diacid  salt  from  water  containing  acetic  acid.  It  forms  large  splendid 
red  crystals,  which  are  permanent  in  the  air,  more  soluble  in  water  than  the  preceding 
salt,  but  give  off  water  and  ammonia  at  a  moderate  heat.    (v.  Hauer.) 

Vanadates  of  Barium, — The  metavanadate,  Ba'(VO')*.HK),  is  obtained,  by 
double  decomposition,  as  a  yellow  gelatinous  precipitate,  which  turns  whit«^  slowly  in 
the  cold,  immediately  when  heated.  The  white  and  yellow  salts,  which  have  the  8:ime 
composition,  dissolve  sparingly  in  water,  each  with  its  own  colour,  and  the  solution, 
whf>n  left  to  evaporate,  deposits  the  salt  in  white  crystalline  grains.  It  dissolves  with 
red  colour  in  strong  sulphuric  acid.  When  heated,  it  gives  off  water,  and  turns  yellow, 
but  l)ecomes  white  again  on  cooling.  At  a  red  heat,  it  melts  to  a  yellow-brown  trans- 
parent mass.  It  is  completely  decomposed  by  fusion  with  acid  sulphate  of  potassium. 
— The  divanadate,  Ba"(VO*)*.V'0*,  separates  by  spontaneous  evaporation,  from  a  solu- 
tion of  potassium-divanadate  mixed  with  chloride  of  barium,  in  orange-yellow  prisms, 
or  on  addition  of  alcohol,  in  shining  lemon-yellow  scales,  slightly  soluble  in  i9(*ntor. — 
Another  acid  salt,  3Ba0.5V»OM9H»0  -  3Ba(VO»)^2V»OM9H«0,  is  obtained  by 
dropping  chloride  of  barium  into  a  warm  solution  of  the  divanadate,  and  then  adding 
acetic  acid  till  the  precipitate  redissolves.  The  solution,  on  cooling,  deposits  the  salt 
in  reddish-yellow,  shining,  oblique  prisms,     (v.  Hauer.) 

A  so-called  basic  salt  (?  the  ort  no  vanadate)  is  formed,  on  mixing  the  solution  of 
thn  metavanadate  with  baryta-water,  as  a  yellow  precipitate,  which  after  a  while  turns 
white. 

Vanadates  of  Calcium. — The  metavanadate  is  obtained,  by  slow  evaporation  of 
ammouium-vanadate  mixed  with  calcium-chloride,  in  white  or  yellowish  crystalline 
crusts;  it  is  moderately  soluble  in  water  (more  soluble  than  the  strontium- salt),  an«l  is 
precipitated  by  alcohol. — The  acid  salt  forms  large,  or.»nge-red,  non-effloreacent  crys- 
tals, easily  soluble  in  water. — A  basic  salt  (?  orthovanadate)  is  said  to  be  obtained  by 
mixing  the  solution  of  the  metavanadate  with  lime-wat*^. 
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cooling.— The  acid  salt,  2KVO«.V«0*.3H»0,  or  K«0.2V«0;'.3H«0,  is  obUined  by 
fusing  the  metavanodate  with  vanadium-pentoxide,  or  by  boiling  it  with  addition  of 
water.  It  forms  broad,  reddish-yellow,  crystalline  laminic,  slightly  soluble  in  cold, 
abundantly  in  boiling  water.  The  crystals,  when  heated,  give  off  their  water,  and 
turn  brick-red  ;  the  dry  salt  is  easily  fusible,  and  forms  a  yellow  mass  on  cooling.  The 
salt  is  partially  decomposed  by  boiling  with  a  small  quantity  of  water,  metavanadat« 
and  divanadate  dissolving,  and  a  more  acid  salt  remaining  behind.  On  mixing  a  cold 
concentrated  solution  of  the  divanadate  with  caustic  potash,  the  divanadate  partly 
separates  unaltered;  but  if  the  two  solutions  are  mixed  hot,  metavanadate  is  produced. 

Vanadates  of  Silver. — The  metavanadate  is  a  gelatinous,  yellowish,  or  whitish 
precipitate,  soluble  in  nitric  acid  and  in  very  dilute  ammonia,  and  precipitated  from 
the  latter  solution  by  concentrated  ammonia.  It  is  not  completely  decomposed  by 
hydrochloric  acid. — The  acid  salt  is  yellowish-red,  slightly  soluble  in  water,  easily 
soluble  in  nitric  acid  and  in  very  dilute  ammonia.  It  molts  below  a  red  heat,  and  crys- 
tallises  on  cooling.  The  ammoniacal  solution  yields,  by  evaporation,  crystals  of  ammo- 
nio-argentic  vanadate. 

Vanadates  of  Sodium, — The  metavanadate  resembles  the  potassium-salt. — ^The 
divanadate,  2NaVO«.V«O*.9H«0  =  Na«0.2V20*.9H'0,  is  prepared  like  the  corre- 
sponding potassium-salt,  and  separates,  by  spontaneous  evaporation,  in  large  cxystals  of 
a  splendid  orange-red  colour.  It  is  but  slightly  soluble  in  water,  even  at  the  boilmg 
heat :  nevertheless,  1  pt.  of  it  imparts  a  distinct  yellow  colour  to  200,000  pts.  of  water 
It  effloresces  in  dry  air,  acquiring  a  rusty-brown  colour,  melts  at  an  incipient  red  boat, 
and  forms,  on  coohng,  a  shining,  amorphous,  varnish-like  mass  of  a  dark-red  colour. 

A  phosphatovanadaie  of  sodium  is  obtained  by  heating  a  mixture  of  vanadie  and 
sodic  phosphates  with  nitric  acid. 

Vanadates  of  Strontium. — The  metavanadate,  Sr(VO')*,  is  gradually  precipi- 
tated by  chloride  of  strontium  from  metavanadate  of  ammonium,  in  white  ciystalline 
grains.  It  is  more  soluble  than  the  barium-salL  The  solution,  mixed  with  strontia- 
water,  forms,  after  some  time,  a  yellow  precipitate,  which  afterwards  turns  white  (pro- 
bably the  orthovanadate).— The  divanadate,  Sr(V0«)».V«0».9H»0  «  Sr0.2V*0».9H«0, 
separates  on  cooling  from  a  hot  very  strong  solution  of  sodium-divanadate  mixed  with 
chloride  of  strontium,  in  shining  orange-red  crystals,  having  the  form  of  sodium-diva- 
nadate. It  is  not  very  soluble  in  water,  but  more  soluble  than  the  barium-salt.  The 
crystals  do  not  effloresce  even  in  dry  air. — The  trivanadate,  Sr(VO*)*.2V*0».14HK)  — 
Sr0.3V^OM4H^O,  is  prepared  by  mixing  a  solution  of  an  alkaline  divanadate  with 
acetic  acid  and  strontium-chloride,  and  heating  the  liquid  nearly  to  the  boiling-point. 
A  straw-yellow  basic  salt  is  then  deposited,  and  the  deep-red  filtrate  evaporated  over 
oil  of  vitriol  yields  crystals  of  the  trivanadate.  By  recrystallisation,  with  addition  of 
a  laige  quantity  of  free  acetic  acid,  it  is  obtained  pure,  in  largo,  red,  diclinic  crystals, 
exhibiting  a  golden-yellow  surface-lustre  by  reflected  light.  They  are  permanent  in 
the  air,  give  off  8  at  water  at  100^,  turn  yellow,  and  melt  at  a  low  red  heat  to  a  dark- 
red  liquid  which  solidifies  to  a  crystalline  mass  on  cooling.  The  salt  dissolves  easily, 
and  without  d^^com position,  in  water,  on  addition  of  acetic  acid.  (v.  Hauer,  J.  pr. 
Chem.  Ixxvi.  156.) 

Vanadates  of  Vanadium. — Several  oxides  of  vanadium,  intermediate  in  com- 
position between  the  tetroxide  and  pentoxide,  and  perhaps  consisting  of  compounds  of 
the  two,  are  described  by  Berzelius.  They  are  product  by  direct  oxidation  of  the 
tetroxide,  or  by  mixing  vanadious  salts  with  vanadates  in  various  proportions.  Tho 
compounds  thus  characterised  are : — 1.  A  purple  oxide,  formed  when  vaziadious  hydrate 
is  left  for  twenty-four  hours  in  a  vessel  not  perfectly  closed ;  2.  A  green  oxide  con- 
taining V«0».2V«0* ;  3.  A  yellow-green  oxide,  V*0».4V='0* ;  and  4.  An  orange-yellow 
oxide.     (See  Gmelin's  Z/anc^AooA:,  iv.  84.) 

The  remaining  vanadates  have  not  been  examined  with  sufficient  exactness  to  rendtr 
special  description  necessary. 


rABZUBK,  OZTBSOMZBa  OV,  or  VAVABTX-BROIIZBB,  VOBr*.— 

This  compound  (regarded  by  Schafarik,  who  discovered  it,  as  tribromide  of  vanadium, 
VBr*),  is  formed,  like  the  corresponding  oxychloridc,  by  igniting  a  mixture  of  vann- 
dium-tetroxideand  charcoal  in  bromine-vapour.  It  forms  needle-shaped  ciystals,  having 
a  dark-brown  colour  and  blue  metallic  iridescence.    (Schafarik.) 


OF.— o.  Vanadium-oiytrichloride^at 
Vanadyl'trichloride,  VOCl*  (usually  regarded  as  vanadium-trichloride),  is  pn>- 
pared :  (a).  By  the  action  of  chlorine  on  vanadium-trioxide  : 

3V'0«   +   6C1*     -     V«0»   +   4V0Cl». 
(/9.)  By  burning  the  dioxide  (Berzelius's  metal)  in  chlorine-gas,  at  a  red  beat,  a 
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Syn.  with  Vaitadium-Monoxidb  (p.  987). 

See  Vanadium,  Oxtbbomidb  of  (p.  992). 

Syn.  with  Vanadium-Oxtchlobidb  (p.  993). 
.    Syn .  with  Vanadiuh-OxttbichijOBIdb  (p.  992). 

Vanille,  Vaniglia, — The  fruit  of  Vanilla  planifdia,  a  dimbiog 
orchidaceous  plant  growing  wild  in  Mexico,  Brazil,  and  Guiana,  and  cnltiyated  in 
Jamaica,  Trinidad,  Mauritius,  Ceylon,  Java,  and  other  tropical  conntries.  The  pods, 
which  are  nearly  cylindrical,  five  or  six  inches  long,  and  a  line  or  two  thick,  hare  a  Tery 
pleasant  aromatic  taste  and  smell,  and  are  often  covered  externally  with  white 
shining  crystals  of  vanillin,  which  is  their  principal  constituent.  They  also  contain 
an  iron-greening  tannin,  a  non-drying  fat-oil,  wax,  resin,  &c. 

Vanilla  is  us^  for  flavouring  ices,  creams,  chocolate,  &c. ;  also  in  medicine  in  the 
form  of  powder  and  of  alcoholic  tincture. 

Syn.  with  VANiLLiif. 

r,C'»H«0«(Gobley);C"H«0»»(Stokkebye),  the  neutral  odoriferous 
principle  of  vanilla,  was  formerly  mistaken  for  benzoic,  and  afterwards  for  cinnamie 
acid.  It  was  first  recognised  as  a  peculiar  substance  by  B ley  (Jahresb.  1858,  p.  585 ; 
1859,  p.  508),  further  examined  by  Gobley  (J.  Pharm.  [3],  xxxiv.  401  ;  Jahresb. 
1858,  p.  531),  and  afterwards  by  Stokkebye  (Jahresb.  1864,  p.  612),  who  designates 
it  as  vanillic  acid. 

Vanillin  may  be  prepared  by  mixing  the  alcoholic  extract  of  vanilla  with  water  to 
a  syrupy  consistence;  agitating  with  ether,  evaporating,  and  treating  the  residue  with 
boiling  water ;  again  evaporating ;  and  treating  the  resulting  crystals  with  animal 
charcoal  (Gobley).  It  crystallises  in  long,  colourless,  four-sided  prisms,  bevelled  at 
the  ends.  It  is  nearly  insoluble  in  cold  water,  moderately  soluble  m  hot  water,  ra<M« 
easily  in  alcohol,  ether,  and  volatile  oils.  The  alcoholic  solution  has  a  faint  acid 
reaction.  It  melts  at  76°  (Gobley),  at  82°  (Stokkebye).  begins  to  sublimeai  150<> 
(Gobley),  and  distils  over  with  vapour  of  water  (Stokkebye).  It  dissolves  in 
strong  sulphuric  acid  and  in  caustic  potash.     Nitric  acid  converts  it  into  oxalic  acid. 

VAPOintS,  BBV8ITT  OF.     See  SPEaFic  Gravitt  (p.  365). 

VAPOIJSfl,  liATBirT  BBAT  OF.     See  Hbat  (iii.  96). 

VAPOVH,  TSVazOW  or.     See  Heat  (iii.  81). 

VASac.  The  name  applied  in  Normandy  to  the  ash  of  seaweed,  used  as  manurs 
and  for  the  preparation  of  bromine,  iodine,  and  potassium-salts.  In  Scotland  the  same 
substance  is  called  kelp  (p.  210). 

VASBmVA-JirzCB.  Succus  yarenna. — The  juice  of  Varenna  poli/afacha,  a 
leguminous  plant  indigenous  in  Mexico.  When  dry,  it  has  a  brownish  vitI^sous  gloss, 
and  consists  almost  wholly  of  tannin.    (Soubeiran,  J.  Pharm.  [8],  xxviii.  196.) 

VABZO&ASZA.  A  genus  of  lichens,  several  species  of  which,  vis.  V.  dealbatc, 
V.  aspargilla,  V.  orcina^  and  others,  are  used  for  the  preparation  of  archiL —  J",  omara 
contains  a  bitter  substance  called  picrolichenin  (iv.  642). 

VASZOZJUUnr.  The  name  applied  by  Robiquet  to  a  crystalline  body,  which  be 
obtained  from  that  portion  of  the  alcoholic  extract  of  Variolaria  dealhata  which  is 
insoluble  in  water.     It  was  probably  lecanoric  or  orscUic  acid. 

VASZO&ZTB.  A  fine-grained  to  compact  diorite,  enclosing  roundish  lumps  of 
felspar. 

VABZ8CZTB.  A  hydrated  aluminic  phosphate,  occurring  in  quartz  and  silictoos 
shtilo  at  Mosbach  in  the  Saxon  Voigtland.  It  contains  small  quantities  of  ferrous 
oxide,  chromic  oxide,  magnesia,  and  ammonia,  and  is  apparently  related  to  turquois 
(iv.  551).  It  is  non -crystalline,  has  an  apple-green  colour,  and  faint  waxy  lustre ; 
hardness  »  5'0  to  5*5.  Specific  gravity  a  2-34  to  2*38.  (A.  Breithaupt,  J.  pr. 
Chem.  X.  507.) 

▼AKWZ8B.  Vemis.  Fimiss. — A  solution  of  a  resinous  substance  spread  over 
the  surface  of  wood,  metal,  &c.,  and  forming  shining,  transparent,  hard  crusts,  capable 
of  resisting  the  influence  of  air  and  moisture.  The  principal  resins  used  for  making 
varnishes  are  copal,  animd,  mastic,  and  sandarach ;  the  solvents  are  spirits  of  wine, 
turpentine-oil,  or  linseed  and  other  drying  oils. 

Crystal  varnish  for  maps,  prints,  drawings,  &c.  is  made  by  dissolring  Canada  bal* 
sam  in  the  beet  oil  of  turpentine.  (See  Ures  Dictionary  of  ArU  and  Manu/aciurei, 
iii.  940.) 

▼AXVZCZTB.  A  manganese-ore  from  Warwickshire,  consisting,  according  to  Ram- 
mclsberg,  of  MnO«.Mu«0".H»0 ;  according  to  Phillips,  of  Mn0.3Mn«0».HH)  (iii.  8iaX 
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Tortod  into  dinitrorcratric  acid,  which,  however,  is  difficnlt  to  separate  from  the 
mononitrated  acid.     (W.Merck.) 

Veratric  acid  distilled  with  excess  of  baryta  is  resolved  into  carbonic  anhydride  and 
yeratrol:  C»H'*0*   =  C0«   +   C«H»»0*.     (W.  Merck.) 

Veratric  acid  is  monobasic. — The  veratrates  of  the  alkali-metals  are  crystallisablc, 
non-deliquescent,  easily  soluble  in  water. — The  lead-salt  is  insoluble. — The  nlver-salt, 
C*H"AgO*,  is  a  white  precipitate,  slightly  soluble  in  water. 

Ethylic  VeratratCj  CTI*{C*H*)0*,  is  obtained  by  passing  hydrochloric  acid  gas 
into  a  moderately  concentrated  solution  of  veratric  acid  in  strong  alcohol,  distilling 
the  saturated  solution,  treating  the  distillate  with  water,  &c,  as  a  radio-crystalline 
easily  friable  mass,  having  a  specific  gravity  of  1-141  at  18°,  inodorous,  but  having  a 
slightly  bitter,  burning,  and  somewhat  aromatic  taste.  It  is  slightly  soluble  in  water, 
easily  in  alcohol,  and  separates  therefrom  by  spontaneous  evaporation  in  shining 
needles.  It  does  not  volatilise  without  decomposition ;  when  heated  in  the  air,  it 
bnms  with  a  luminous  flame.  It  is  decomposed  by  heating  with  potash-lej.  (Will, 
Ann.  Ch.  Pharm.  xxxvii.  198.) 

Syn.  with  Vebatrum-kesin  (p.  997). 

C-H**N*0*.  (Meissnor,  Neues  Jonm.  v.  Trommsdorff,  v.  3. 
— Pelletier  and  Caventou,  Ann.  Ch.  Phys.  [2],  xiv.  69. — Conerbe,  tbid.  lii.  352. 
— Merck,  N.Joum.  v.  Trommsd.  xxi.  134. — G.  Merck,  Ann.  Ch.  Pharm.  xct.  200.) — 
An  organic  base  discovered,  in  1818,  by  Mei8sner,in  sabadilla-seeds  (p.  141),  and  soon 
afterwards  by  Pelletier  and  Caventou,  in  white  hellebore  (  Veratrum  album) ;  it  is  pro- 
bably contained  also  in  other  species  of  veratrum. 

Preparation. — 1.  The  evaporated  alcoholic  extract  of  sabadilla-seeds  is  dissolved  in 
dilute  sulphuric  acid;  the  solution  treated  with  animal  charcoal,  and  then  precipitated 
by  an  alkali  ( 100  pts.  of  the  seeds,  thus  treated,  yield  9  pts.  ▼eratrine)  ;  the  precipitate 
still  containing  sabadilline  and  other  bodies,  is  dissolved  in  dilute  sulphuric  acid,  and 
nitric  acid  is  added  as  long  as  a  black  pitchy  precipitate  is  thereby  produced ;  the  fil- 
trate is  precipitated  with  dilute  potash-ley ;  the  washed  and  dried  precipitate  is  dis- 
solved in  absolute  alcohol ;  the  solution  evaporated  ;  the  residue  boiled  out  with  water, 
and  the  impure  veratrine  which  remains  is  dissolved  in  ether,  which,  on  evaporation, 
leaves  the  pure  base  (Couerbe). — 2.  The  pulverised  seeds  are  boiled  with  water  con- 
taining hydrochloric  acid  ;  the  extract  is  evaporated  to  a  syrup ;  hydrochloric  acid  is 
added  as  long  as  it  forms  a  precipitate ;  the  filtpre<l  liquid  is  aecomposed  with  excess 
of  lime ;  the  precipitate  is  treated  with  hot  alcohol ;  the  extract  evaporated  ;  the  resi- 
due dissolved  in  dilute  acetic  acid,  and  precipit;ited  by  nmmonia;  and  the  precipitat**  is 
purified  by  ether.  By  this  process,  5  kilogrammes  of  sabadilla-seeds  yield  10  to  15 
grammes  of  veratrine  (Merck). — Delondre(J.  Pharm.  [3],  xxvii.  417)  prepares  pure 
veratrine  by  exhausting  crushed  sabadilla-seeds  with  water  containing  hydrochloric 
acid  in  a  displacement-apparatus,  finally  washing  them  with  water,  precipitating  the 
extracts  with  a  slight  excess  of  potash,  and  heating  the  washed  and  dried  precipitate 
with  twice  its  weight  of  ether  for  four  hours  in  a  vessel  which  can  be  dosed.  The 
solution  left  to  evaporate  in  shallow  basins  leaves  pure  veratrine. 

Properties. — Veratrine  is  ordinarily  a  white  or  whitish-green  crystalline  powder ; 
but,  by  spontaneous  evaporation  of  its  alcoholic  solution,  it  is  obtained  in  long  prisms 
with  rhombic  base  (Merck),  which  effloresce  in  contact  with  the  air,  assuming  the 
aspect  of  porcelain,  and  becoming  very  friable  (O.  Merck).  It  is  inodorous,  but  the 
smallest  quantity  introduced  into  the  nose  produces  violent  sneezing,  accompanied  by 
headache  and  general  uneasiness.  It  is  very  acrid  and  poisonous,  producing  vomiting 
and  purging  when  taken  internally  :  3  milligrammes  of  it  killed  a  young  cat  in  ten 
minutes.  It  is,  however,  used  in  medicine  as  an  external  application,  and  when  taken 
internally,  in  properly  regulated  doses,  is  said  to  exert  an  antifebrile  action.  It  is  inso- 
luble in  water  and  alkaline  liquids,  very  soluble  in  alcohol,  and  still  more  in  etiier  (O. 
Merck).     The  solutions  turn  litmus  blue. 

Veratrine  dried  at  100°  gives,  by  analysis,  64*51  to  65*00  per  cent,  carbon,  8*55  to 
8*84  hydrogen,  and  5*5  nitrogen  (G.  Merck).  The  formula  C«^**N*0*  requires 
64*86  C.  8*78  II,  4*73  N,  and  21*63  0. 

Veratrine  melts  easily  when  heated,  and  decomposes  at  a  higher  temperature:  but 
by  very  careful  heating,  small  quantities  of  pure  veratrine  may  be  sublimed  without 
decomposition. 

Strong  sulphuric  acid  colours  veratrine  first  yellow,  then  a  fine  carmine-red.  and 
ultimately  violet;  according  to  Vasmer  (Arch.  Pharm.  ii.  74),  1  pt.  of  verntrine 
imparts  an  amethyst-red  colour  to  3,000  pts.  of  the  acid.— Strong  ni/rirark^  is  coloured 
by  veratrine,  first  scarlet,  and  then  yellow, — Strong  ht/drochloric  acid  dissolvi-s  vera- 
trine, especially  when  heated,  forming  a  deep  violet  solution,  and  separating  small 
drops  of  oily  liquid. 
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are  found  at  Milbury  in  Massachusetts  and  at  Westchester  in  Pennsylvania.  (Uandw. 
d.  Chem.  ix.  214). 

VSSBKZlLUCOir.    See  Mercuric  Sulphide  (iii.  913). 

VS&MOVTZTS.  The  name  of  one  of  the  five  Tarietios  (poisonous  pyrites,  mis- 
pickel,  vcrmontit*,  dalamite,  and  aconitite)  into  which  A.  Breitliaupt  divides  the  mine- 
i-al  species,  arsenical  pyrites,  on  account  of  differences  in  the  angles. 

The  seed  of  V.  anthdmintica  is  known  in  commerco  as  Calagcro, 

An  organic  base,  not  yet  isolated,  existing,  according  to  C.  Gr. 
"Williams  (Chem.  Soc.  Qu.  J.  vii.  97),  in  very  small  quantity,  in  the  tar  of  bitumi- 
nous shale.  On  separating  the  volatile  bases  from  the  tar  by  the  action  of  an  acid, 
and  subjecting  them  to  fractional  distillation,  vertidine  iu  found  in  the  portion  boiling 
between  183°  and  210°.     It  imparts  a  fine  green  colour  to  solution  of  chloride  of  lime. 

VXBUVZAXr.  Idocrase,  Egeran.  Gbkumite.  Lotxite,  Frugardite.  Prothtitr, 
Wiluite,  Cypnnc.  Xanthiie.—K  calcio-aluminic  silicat«,  9(2Ca0.Si0>).2(2AI;O*. 
3SiO'),  in  which  the  lime  is  replaced  to  a  small  amount  by  magnesia,  ferrous  oxide, 
and  manganous  oxide,  and  the  alumina  to  a  somewhat  greater  extent  by  ferric  oxide. 
For  analyses  and  discussion  of  formxilse,  see  Rammclsberg's  Mineralciemie  (pp.  734- 
739). 

Vesuvian  occurs  in  quadratic  crystals,  usually  exhibiting  the  combination  P  .  oP  . 
ocP  .  Poo  .  odPoo,  &c.  [somewhat  YiVefig.  322  (Crtstallographt,  ii.  160),  suppos- 
ing the  terminal  summits  very  much  truncated].  Sometimes  crystals  occur  with  a 
groat  number  of  secondary  faces.  For  P,  the  length  of  the  principal  axis  is  0*4o96. 
Angle  P:  P  in  the  terminal  edges  =  129°  21';  in  the  lateral  edges  =  74°  27'.  Cleav- 
age indistinct  panillel  to  ooP  and  ooPoo .  The  crj-stals  usually  have  the  prismatic 
faces,  more  rarely  the  pyramidal  faces  predominant;  they  occur  implanted  and  im- 
bedded, intergrown,  and  forming  aggregations  of  various  character,  from  columnar  or 
fibroas  to  granular,  passing  into  massive.  Fracture  concho'idal  or  uneven  to  nplintery. 
Brittle.  Hardness  «•  6  to  7.  Specific  gravity  =  3*2  to  3*6.  Colour  brown  or  green. 
light  or  dark  to  nearly  black  ;  also  yellow,  rarely  blue.  Streak  white.  Lustre  vitreous, 
sometimes  very  strong  on  the  cr}'stalline  faces;  also  waxy,  especially  on  the  fractured 
surfaces.  Transparent  to  translucent  on  the  edges  only.  Before  the  blowpipe,  vesu- 
vian melts  easily,  and  with  intumescence,  to  a  yellowish -green  or  brown  glass  ;  with 
borax  or  phosphorus-salt  it  exhibits  the  ircm  reaction,  and  with  the  latter  a  skel«*ton  of 
silica.  In  its  natural  state  it  dissolves  but  imperfectly  in  hydrochloric  acid;  but 
after  fusion  it  dissolves  completely,  with  separatiun  of  gelatinous  silica. 

Vesuvian  was  first  observed  in  the  ancient  Vesuvian  lavas;  it  has  since  been  found 
in  serpent ino,  gneiss,  and  granular  limestone.  The  mineral  from  Vesuvius  has  a  hair- 
brown  or  olive-green  colour;  the  crystals  from  Ala  in  the  Val  di  Brozzo,  in  Piedmont, 
are  usually  transparent  anil  shining,  with  a  jjreen  or  brown  colour,  rarely  bbk^k.  Egg 
near  Christiania  in  Norway,  the  Ural,  the  Wilui  river,  mar  Lake  Baikal.  Cziklowa  in 
the  Bannat,  and  Monzoni  in  the  Fas&a  valley,  are  other  localities.  Sulphur-yellow 
crystals  have  been  fouiKl  at  Monzoni.  A  light-brown  varietv  occurs  in  Donegal, 
Ireland.  The  variety  called /rw^fl re///*:  comes  from  Fniganl  in  Finland;  gokumitr,  or 
loffoite  from  Gokum  near  Dannemoni  in  Sweden.  Liver-brown  diverging  crystals,  from 
Eger  in  Bohemia,  have  been  called  egiran.  Crj'stals  called  cf/prhie,  of  a  blue  tint, 
attributed  to  copper,  come  from  near  Tellemark  in  Norway ;  ranthite  is  from  n«'ar 
Amity,  New  York.  Vesuvian  is  found  also  at  many  other  localities  in  the  United 
States.     (Dana,ii.  199.) 

VZTCB.     Sie  ViciA. 

Vl&TlVUS.  Kus'kus.  IwaravcvM-root, — The  rootstock  of  an  Indian  grasw, 
y^Tohi\h\y  Anath' mm  muricatum.MuX  similar  species,  such  as  Audropogon  Schftnanthus, 
&c.  It  is  used  in  India  for  making  mat-s.  for  window-blinds  and  other  coverings,  these 
objects,  when  moisten«*d  with  water,  exhaling  the  fragrant  odour  of  the  vetivor-root. 
The  root  contains  two  essential  oils,  the  more  volatile  of  which  is  lighter  than  water, 
the  other  of  more  vi»ci<l  consistence.  100  lbs.  of  root  of  good  quality  yield  about  \  lb, 
of  volatile  oil  resembling  oil  of  sandalwood. 

Citronella-oil,  from  the  leaves  of  Androp(Ujon  Sihayianfhus,  consists  almost  wholly  of 
an  oxygemited  oil,  lx)iling  at  200^  and  of  specific  gravity  0*8741  at  20°.  Lemon-grass 
oil,  from  Andropogon  Nardiis,  is  scarcely  distinguishable  from  citroneUa-oiL  (Glad- 
stone, Chem.  Soc.  J.  xvii.  1.) 

▼ZBinunC  ACZB.     Sec  the  next  art  icle. 

▼ZBinuiUM.  A  genus  of  trees  and  shrubs  belonging  to  the  caprifoliaceou^ 
order.  The  bark  and  berries  of  the  guelder-rose  (  V.opulus)  contain  valeric  acid  (vibur- 
nic  acid).  The  rod  berries  of  the  wayfaring-troo  ( J .  Lantana),  contain,  according  to 
Knz  (Juhresb.  18G3,  p.  G14),  an  in^n-grcening  tannic  acid,  valeric,  acetic,  and  tartaric 
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Aoids,  a  bitUr  principle,  an  acrid  principle,  red  colouring-matter,  sugar,  gum,  fat-oil, 
wax,  resin,  and  chlorophylL 

▼ZOZAa  Vetck, — The  seed  of  the  common  votch  (Vicia  salioa)  contains  the  ordi- 
nary constituents  of  leguminous  seeds.  According  to  Gtibel,  100  pts.  of  the  seeds 
contain  39  pts.  starch  and  4  pts.  gluten.  Greif  found  68  pts.  starch  to  2  pts.  gluten, 
besides  sugar,  albumin,  &c 

The  following  table  exhibits  the  composition  of  the  ash  of  three  species  of  vetch. 
I. — III.  S^cd  of  r.  sativa. — L  according  to  Sprengel  (J.  techn.  Cnem.  x.  350). — 
II.  according  to  Lewi  (Ann.  Ch.  Pharm.  1.  421). —  ILL  Vetch  from  Neufchatel 
(Cohen,  tAiS.  Ixxxv.  288). — IV.  Straw  of  V,  satioa.  The  air-dried  straw  contained 
10—12  per  cent,  water,  26*0  substances  extractable  by  water,  30'7  extractable  by 
potash-ley,  42*0  woody  fibre,  and  6*10  ash  (Sprengel,  J.  tecbn.  Chem.  vL  398). — 
V^.  ;Vsh  of  the  entire  plant  of  V.  sativa.  100  pts.  of  the  fresh  plant  yielded  82*9  pts. 
wati^r  and  11  ash.  1,000  pts.  of  the  dry  plant  contained  2*38  pts.  sulphur  (Way  and 
OgHton,  Jahresb.  1858,  p.  661,  Table  B).— VI.  The  tufted  vetch  (F.  cracca):  the 
entire  plant  yielded  68  per  cent,  water,  11*5  substances  soluble  in  water,  13*8  sub- 
frtances  soluble  in  dilute  potash,  and  1*626  ash  (Sprengel,  J.  techn.  Chem.  viii.  365). 
— 7.  I'icia  dumetorum  contains,  in  the  flowering  state,  68*0  per  cent,  water,  10*4  sub- 
stances soluble  in  water,  11*5  substances  soluble  in  dilute  potash-ley,  and  2*25  ash 
(Sprengel,^.  cit.): 

Ask  of  Vetches, 


Vida  saiiva. 

F.  cracca. 

tormm. 

Se«d. 

Seed. 

Sei-d. 

Straw. 

Entire 
plnnt. 

Entire 
plunt. 

Entire 
pUnt. 

I. 

II. 

III. 

IV. 

V 

VI. 

VII. 

Quantity  of  ash  . 

2*29 

2*40 

5*10 

2-6 

6*50 

1*62 

2-25 

Potash 

391 

30*3 

35-5 

24*7 

32*8 

17-6 

16*4 

Soda  .... 

271 

9-8 

•         • 

13*1 

•         • 

.    . 

30 

Lime. 

70 

4-7 

38*3 

8*0 

20-7 

52*5 

55*3 

Magnesia  . 

6*2 

8*4 

6*3 

4-8 

5*3 

8-9 

4-3 

Ferric  oxide 

0*4 

0-7 

0-2 

0*8 

0-6 

0*7 

Phosphoric  anhydride 

60 

87-8 

5*5 

29-6 

10*6 

10*2 

79 

Sulphuric             „ 

2*2 

41 

24 

0-7 

25 

4-2 

5*5 

Silica 

8*7 

20 

8*7 

11 

1*3 

29 

3-8 

Chlorine    .         • 

1*9 

•     • 

•         • 

•     • 

•         • 

2*2 

3*1 

Alumina    . 

10 

•    • 

0-3 

Manganic  oxide . 

0*2 

.     . 

01 

trace 

•         • 

.     • 

0*5 

Chloride  of  sodium     . 

*     • 

2*0 

26 

75 

7-3 

According  to  Schwers,  a  hectare  yields,  on  the  average,  1,275  kilos,  of  seed  of 
Vivia  fotiva  (15  hectolitres),  and  3,000  kilos,  straw.  The  seed  contains  about  30*6 
kilos.,  the  straw  153*1  kilos.,  the  entire  plant,  therefore,  183*7  kilos,  of  ash-constituents. 

VZOVZTS.  A  mineral  from  the  Jura  limestone  near  Vignes,  in  the  Department 
of  Moselle  in  France,  consisting  of  greenish-blue  grains,  bound  together  by  a  cement  of 
the  same  colour  but  different  composition.  The  grains  have  a  specific  gravity  of  3*7, 
and  contain,  according  to  Karsten  (Archiv.  f.  Bergbau,  xvi.  30),  41*12  percent,  ferric 
oxide,  29*98  ferrous  oxide,  11*87  carbonic  anhydride,  3*38  phosphoric  anhydride,  and 
2*9  water,  with  small  quantities  of  silica,  alumina,  magnesia,  and  lime ;  probably  a 
decomposed  iron-ore. 

VZZiXiASSZTB*  A  hydrated  magnesium-silicate,  4Mg*SiO*.H*0,  with  small 
quantities  of  iron,  manganese,  calcium,  and  potassium,  occurring  massive,  and  in 
granular  aggrog;itcs,  at  Traversella  in  Picdoiont.  (Dufr^noy,  Ann.  Min.  [4], 
1.  387.) 

VZITB.  Boussingault  (Ann.  Ch.  Phys.  [3],  xxx.  389)  has  determined  the 
quantities  of  mineral  constituents  abstracted  from  the  soil  by  the  culture  of  the  vine. 
As  the  leaves  are  returned  to  the  soil,  the  products  actually  removed  from  the  vineyard 
are  limited  to  the  wine,  the  Ices,  and  the  branches  cut  off  in  pruning.  A  vineyani  of 
170  acres,  in  Alsace,  produced,  in  1848,  55*05  hectolitres  of  wine,  containing  10*294 
kilos,  of  ash  (1*87  grm.  per  litre) ;  together  with  492  kilos,  of  air-dried  lees,  containing 
6*65  per  cent,  or  32*72  kilos,  of  ash ;  and,  finally,  2,624  kilos,  of  branches,  with  2*44  per 
cent,  or  64*03  kilos,  of  ash.    The  composition  of  these  ashes  was  as  follows : 
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Akhof  K30.  Na20.  C»0. 

Wine  ( 1  litre)  0  M'i        —  0-092 

Lee»         .        3G-9  0-4  10-7 

BrancheK  18  0  0*2  27*3 


FcSOS  and 
MgO.       A1203.    SOS. 

0172        —       0096 
2-2  3-4      5-4 

G-1  3'ri      1-6 


Cl«.  C02 

trace  0  2.S0 

0  4  12-4 

0  1  20  3 


P30&.  Sand. 

0*412  0-0(16  =     1  K70 
10-7  1V3     =  97  H 

10-4  10-9    =  98-7 


The  following  table  exhibits  the  quantities  of  the  several  mineral  constituents 
removed  by  the  vine-culture  from  the  170  acres  of  soil  (as  calculated  from  the  pre- 
ceding results,)  compared  with  those  removed  by  other  crops  grown  on  equal  surfaces 
of  land  in  the  neighbourhood  of  the  vineyard : 


Abstracted  bjr 

K^O. 

Na»0. 

CaO. 

MgO. 

p=o». 

1 

so-\ 

Wine 

Lees    ..... 
Branches     .... 

11-53 

12-07 

4-64 

013 
013 

•          • 

17-48 
3-50 
0-51 

3-91 
0-72 
0-95 

6-66 
3-50 
2-27 

102    ' 
1-77 
0  63 

Total 

28-24 

0-26 

21-49 

5-58 

12-43 

3-32 

Potatoes      .... 
Mangold-wurzel  . 
Wheat,  with  straw 

107-1 

153-0 

45-9 

*     • 

.     « 

•  • 

•  • 

23-8 

204 

323-0 

Hence  it  appears  that  the  culture  of  the  vine  does  not  remove  more  potash  from  the 
Boil  than  that  of  cereals  and  root-crops. 

On  the  composition  of  the  several  parts  of  the  vine,  see  Crasso  (Ann.  Ch.  Pliarm. 
Ivii.  69 ;  Ixii.  59 ;  Jahresb.  1847-1848,  p.  1082  ;  Table  B.  Nos.  45-53).— On  the  ash  of 
the  several  parts,  also  Borthier  (Ann.  Ch.  Phys.  [3],  xxxiii.  249;  Jahresb.  1851, 
p.  708). 

In  the  juice  exuding  in  spring  from  fresh-cut  surfaces  of  the  vine,  Wittsteio 
(Jahresb.  1857i  p.  520),  found  chiefly  potash,  combined  with  citric  and  lactic  acids; 
malic  acid  was  not  present. 

VnnBTXlf  (from  vinetier^  the  French  name  of  Berberis  tntlgaris).  The  name 
given  by  Wacker  to  the  bjise  obtained  by  Polex  from  the  root-bark  of  the  common 
barberry,  and  by  him  called  oxyacanthin  (iv.  288).  This  latter  name  has  also  Ix^n 
given  by  Leroy  to  another  base  extracted  from  the  white  thorn  {Cratoffus  (uryacantha). 

See  Acetic  Acid  (i.  7). 
The  fragrant  flowers  of  the  violet  (  V.  od/)ra(^)  are  said  to  contain, 
besides  colouring-matter,  slight  traces  of  a  volatile  oil,  two  acids,  one  rtd  and  the 
other  colourless,  an  emetic  principle  called  violin  (probtibly  identical  with  emetin 
from  ipecacuanha-root)  (ii.  485),  sugar,  and  other  substances.  The  colouring-matter 
of  the  flowers  is  easily  turned  red  by  acids,  and  grctju  by  alkalis.  The  colourless  acid 
called  violenic  acid  by  Peretti  (Buohn.  Repert.  xL  130),  is  said  to  crj'stailise  in 
Bilky  needles,  to  be  soluble  in  water,  alcohol,  and  ether,  and  to  form  yellow  salts  which 
■tain  the  skin. 

Viola  tricolor  (heartsease  or  pansy)  contains  a  yellow  colouring-matter,  resin, 
vegetable  mucus,  and  other  substances,  but  no  violin.     (Boullay.) 

Syn.  with  Vioijn  (p.  1001). 

A  silicutc  of  aluminium,  calcium,  magnesium,  and  sodium,  containing 
also  iron  and  manganese,  from  8t.  Marcel  in  Piedmont.  It  occurs  maA^ive,  and  in 
indistinct,  clongate<l,  granular  concretions,  cleavable  in  two  directions  inclined  at 
Dearly  90®.  It  is  nearly  opaque,  with  a  dark  violet -blue  colour,  and  vitnH>u»  lu.stre; 
hardness  =  6  to  6;  specific  gravity  =  3233.     (Piatt  ner,  J.  pr.  Chem.  xv.  329.) 

VZOXiAVTZV.  C'N«H«0».  (Baeyer,  Ann.  Ch.  Pharm.  cxxvii.  223.)— A  com- 
pound containing  the  elements  of  violuric  and  dilituric  acids,  and  produced  by  thvir 
direct  combination,  just  as  alloxantin  is  formed  from  alloxan  and  dialuric  acid : 

C'N'IPO*     -     C»X«H«0». 
Dilituric  VIolanlin. 

acid. 

A  mixture  of  the  hot  concentrated  solutions  of  the  two  acids  deposits  violantin  on 
cooling,  in  crystals  containing  C'*X*II^0*.4H*0.  Violantin  is  likewise  always  pro- 
duced by  imperfect  oxidation  of  violuric  acid,  or  by  imperfect  reduction  of  dilituric 
acid.  It  may  also  be  prepared  by  gently  heating  hydurilic  acid  with  dilute  nitric  acid 
(the  vessel  being  dipped  into  hot  water),  till  a  yellow  colouring  appears  on  the  edges  ; 
on  removing  it,  a  bnsk  reaction  sets  in,  and  violantin  separates  as  a  yellowish- white 
crystalline  body.     If  too  little  heat  has  been  applied,  the  product  is  chiefly  violuric 


C'N"H'0<    + 
Violuric  acid. 
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2C<N'H'(N0)0'  +  iBf  +  H«0     »     2C'N»H'Br»0«  +  4HBr  +  NK)'. 

Violuric  DibrontobarbUuric 

acid.  acid. 

Heated  with  chloride  of  limey  it  yields  chlo  ropier  in. — Heated  ^ith  caustic  potash-lfp, 
it  gives  o£Pa  small  quantity  of  ammonia,  and  is  converted  into  hydroviolnric  acid, 
a  compound  not  yet  examined. — Violuric  acid  heated  with  soda-iimej  gives  off  all  it« 
nitrogen  in  the  form  of  ammonia. 

K<^ucing  agents,  such  as  sufphydric,  hydriodic  acid,  &c.,  convert  violuric  add  into 
uramil  (amidobarbituric  acid) : 

C*N»H«(NO)0"  +   2H«S     -     C^N«H«(NH«)0»   +  S«  +  H*0. 

Violuric  Uramil. 

acid. 

With  sidphite  of  ammonium,  it  forms  sulphuric  acid  and  thionurate  of  ammo- 
nium.— With  dUituricacid  it  unites  directly,  forming  violantin. 

Violurate  s. — Violuric  add  is  monobasic.  It  decomposes  acetates,  but  not  chlorides. 
Its  salts  are  distinguished  by  the  great  beauty  and  variety  of  their  colours. 

Violurate  of  Ammonium,  C*N'H*(NH*)0*,  crystallises  in  fine,  dark-blue,  anhydrous 
prisms. — The  potassium-salt,  C*N*H'K0*.2II'0,  forms  deep-blue  laminsB  or  prisms, 
which  dissolve  in  hot  more  easily  than  in  cold  water,  forming  a  deep-blue  solution. 
At  115° — 120°,  the  salt  gives  off  its  water,  and  becomes  greenish-blue.  The  solution 
mixed  with  excess  of  potash,  turns  red,  perhaps  from  formation  of  a  basic  salt.  A 
solution  of  potassium-violurato  in  hot  concentrated  hydrochloric  acid  deposits,  on 
cooling,  the  compound  2(KC1.C*N'H*0*).HC1.6H'0,  in  large,  colourless,  shining, 
efflorescent  prisms,  easily  soluble  in  water,  sparingly  in  alcohol.  At  100°,  these 
crystals  give  off  water  and  hydrochloric  acid,  leaving  the  compound  KC1.C*N*H*0*. — 
Violurate  of  sodium  forms  red  nodules  composed  of  short  neeoles,  easily  soluble  in  hot 
water. 

Violurate  of  barium^  C*N*H*Btt''0*.4H*0,  is  precipitated  by  chloride  of  barium 
from  a  solution  of  th<^  potassium-salt,  in  red  shining  quadratic  tables,  which  are  nearly 
insoluble  in  cold  water,  and  give  off  all  their  water  of  crystallisation  at  about  230^. — 
The  calcium-salt  forms  brick-red  crystals. — The  cupric  salt  is  an  amorphous  olive- 
green  precipitate. — Ferrous  salt,  Violuric  acid  added  to  ferrous  acetate  forms  a  dark- 
blue  solution,  from  which  alcohol  precipitates  ferrous  violurate  in  six-sided  tables 
with  red  metallic  lustre ;  they  dissolve  easily  in  water,  forming  a  dark-blue  solution. — 
The  lead-salt,  0''H*Pb''N«0».4H20,  is  obtained,  by  double  decomposition,  in  small  red 
crystals,  becoming  dark-red  when  dry.  A  reddish  basic  salt  (containing  68  per  cent, 
load,  and  0*5  hydrogen),  is  formed  by  precipitating  the  potassium-salt  with  liasic 
acetate  of  lead. — The  magneMum-salt,  C*H*Mg"N*0*.6H''0,  separates,  on  cooling,  from 
a  warm  mixture  of  magnesium-acetate  and  violuric  acid  or  the  potassium-salt,  in  hard, 
shining,  purple-red,  rhombic  cystals,  becoming  dark-red  when  drj*. — The  silver-salt  is 
a  violet  gelatinous  precipitate. 

VZROZWXA  C&SBPBK*  Ampelopsis  hcderacra.  Vitis  hederacea,  L.  Hed/ra 
quinquifol'ut,  Du  Roi. — The  leaves  of  this  plant,  which  turn  red  in  autumn,  contain  a 
red  colouring-matter,  called  by  Wittst-ein  cissotannic  acid,  which  may  be  extracted 
by  alcohol.  100  pts.  of  the  fresh  leaves  yielded  1'56  per  cent,  ash,  containing  in 
100  pts.:  23-9  K*0,  120  NVO,  202  CaO,  80  MgO,  01  AW,  06  Fe«(i*,  31  i>0», 
151  P«0»,  50  SiO^  100  C0«,  and  18  CI  (Wittstoin,  Buchn.  Repert.  xcvi.  318).— 
The  berries  contain  malic,  tartaric,  and  citric  acids  (Riegel,  Arch.  Pharm.  [2],  Iv. 
153.) 

VZSOZVZC  AOn>.  An  acid  obtained,  according  to  Quevenno  (J.  Pharm. 
zxii.  449),  by  heating  the  fat-oil  of  the  Vii^uian  senoga-root  to  200^.  It  is  described 
as  a  reddish-yellow  oil,  having  a  strong  odour  and  sharp  taste,  soluble  in  alcohol, 
ether,  and  alkalis. 


S^Ti,  with  Verdigris. 

C»«n'*0»  (?)  (Roch le  der,  Ann.  Ch.  Pharm.  Ixiii.  193.)— An 
acid  produced  by  the  oxidation  of  caffetannic  acid  in  presence  of  ammonia.  Coffee- 
beans  owe  their  green  colour  to  a  small  qimntity  of  calcic  viridate.  To  prepare  the 
acid,  the  solution  obtained  by  decomposing  caffetannate  of  lead  (i.  709)  with  sulphy- 
dric  acid  is  supersaturated  with  ammonia,  and  left  in  contact  with  the  air  for  thirty- 
six  hours,  till  it  acquires  a  deep-blue  colour ;  then  mixed  with  excess  of  acetic  acid, 
which  colours  it  brown ;  then  with  alcohol,  which  precipitates  a  few  black  flocks  (of 
nlmous  substance).  The  liquid  filtered  from  these  flocks  is  precipitated  with  aretate 
of  lead,  and  the  blue  precipitate  of  lead-viridato  is  decomposed  by  sulphydric  acid. 
The  brown  f<olution  thereby  obtained  leaves  viridic  acid,  on  evaporation,  as  an  amor- 
phous mass  of  the  same  colour,  and  very  soluble  in  water.    The  solution  forms  a  blue 
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quired  by  a  given  quantity  of  the  liquid  to  pass  through  a  certain  aperture,  with  that 
required  by  an  equal  quantity  of  water. 

VZSCUItt.  The  leaves  and  younger  branches  of  the  mistletoe  ( Viscum  aJhum)  contain 
(according  to  Winckler),  besides  viscin,  about  16*7  per  cent,  nncrystallisablo  sagar, 
5'8  fat-oil,  together  with  tannin,  gum,  &c.,  and  a  smaill  quantity  of  a  volatile  odori> 
ferous  principle. 

The  ash  of  the  leaves  and  branches  contains,  according  to  Fresenins  and  Will, 
and  according  to  Keuling,  the  constituents  given  under  a  in  the  following  table. 
C.  £r  dmann  found  in  the  loaves,  625  per  cent,  water  and  3*85  ash,  containing  tlie 
constituents  given  under  h ;  in  the  stalks  of  a  mistletoe  growing  on  an  apple-trcj 
he  found  56*68  per  cent,  water  and  1*9  ash,  composed  as  under  c.  Reinsch  found 
the  ash  of  the  stalks  and  leaves  of  a  mistletoe  growing  on  a  Scotch  fir,  to  contain, 
in  100  pts.,  the  constituents  given  under  d.  The  bark  of  the  stem  contains  white 
viscin,  gum,  sugar,  albumin,  tannic  acid,  pectin,  and  similar  substances  (Roinsch); 
the  ripe  fruit  contains  resinous  substances  (bird-lime),  gum,  wax,  &c.: — 


Ash  of  Mistletoe, 

K-O. 

Na«0. 

CmO. 

MgO.    Fe^Pb*.  P«0\     S03. 

CO«. 

SOa. 

CI. 

NaCl. 

a,  35-3 

•        • 

19-4 

19-6       1-8       166       1-4 

131 

1-6 

•        • 

10 

b.  197 

4-3 

22-6 

9-3       1-6       16-4       20 

16-8 

1-2 

0-8 

c.  20-1 

41 

22-2 

9-7       1*6       16-3       20 

15-7 

10 

0-8 

d.  22-0 

8-8 

21-7 

11-7       6-5       141       1-7 

15-8 

1-7 

0-6 

This  name  was  given  to  the  albuminoi'dal  substance  of  the  }-olk  of 
birds*  eggs,  now  known  to  be  merely  a  mixture  of  albumin  and  casein. 

VZTSX.  The  seed  of  Vittx  Agnus  casttts  is  said  to  contain  a  peculiar  bitter  prin> 
ciple  called  castine  (i.  814),  a  volatile  acrid  substance,  a  large  (quantity  of  five  acid, 
and  fat-oil.  In  Greece,  the  fresh  and  rather  unripe  berries  are  saii  to  be  added  to  the 
must  of  the  grape,  to  render  the  wine  more  intoxicating,  and  pn^vent  it  from  turning 
sour.     (Landerer,  Buchn.  Report,  liv.  20 ;  Ixxxi.  229;  Buchn.  N.  Repert.  iii.  392.) 

See  ViNB  and  Viboinia  Crebpkb  (pp.  999  and  1002). 

K*^rt^.— The  matrix  of  Bohemian  pyrope,  related  to  pitchstone, 
and  containing,  according  to  Wertheim,  83*72  per  cent,  silica,  3*58  ferric  oxide,  7*57 
lime,  0*67  magnesia,  and  11*46  water.     (Uundw.  d.  Chem.  ix.  288.) 

VZTSZOZi.  An  old  name  for  sulphates,  still  frequently  used  in  commercial  lan- 
guage, the  several  "vitriols  being  distinguished  by  their  colours,  or  by  the  metals  which 
they  contain  :  e.^.,  white  or  zinc- vitriol,  blue  or  copper- vitriol,  red  or  cobalt- vitriol, 
^reen  or  iron-vitriol,  lead-vitriol,  nickel-vitriol,  &c.  Ferroso-cupric  sulphates,  obtained 
in  the  preparation  of  cupric  sulphate  on  the  large  scale  from  ferruginous  materials,  are 
known  as  Admont,  Bayreuth,  and  Salzburg  vitriols  (p.  593). 

OZXi  07.     Concentrated  sulphuric  acid. 

(the  Fitticite  of  Beudant)  is  a  basic  ferric  sulphate  found 


in  the  copper-mines  of  Fahlun  in  Sweden.     It  contains  15*9  per  cent.  SO*,  62*4  FcH)', 
and  21*7  water  «  2Fe*0'.SO".6H«0. 


Syn.  with  Vitrinopal. 

LWTSMOjrZZ      An   oxy sulphide  of  antimony,  formed  by   fusing 
tetroxide  of  antimony  with  sulphur  (i.  328). 

Native  ferrous  phosphate.     (See  Phosphates,  iv.  664.) 


VOlbCXVBRZTB.     See  Hyudotalcite  (iii.  219). 

▼OOZiZTa.  A  carbonate  of  uranium,  copper,  and  calcium,  occurring  at  Joachims- 
thai  in  Bohemia.     (Sec  Carbonates,  i.  798.) 

VOZOTXTJB.  A  micaceous  or  chloritic  mineral,  occurring  in  the  graphic  granite  of 
Ehrenberg,  nearllmenau,in  the  Thuringian  Forest,  forming  green  soft  laminip,  mostly 
turned  brown  by  weathering.  Specific  gravity  ■»  2*91.  It  eives  off  water  when 
heated,  and  before  the  blowpipe,  exfoliates  strongly,  turns  dark-brown,  melta  easily  to 
a  black  glass,  and  gives  with  fluxes  the  reactions  of  iron.  It  is  easily  decomposed  by 
hydrochloric  acid,  forming  a  yellow  solution,  with  separation  of  tumefied  silica. 
Acconlingto  Schmid  (Pogg.  Ann.  xcvii.  108;,  it  contains  33*02  per  cent,  silica,  13-08 
alumina,  3315  ferric  oxide,  7*28  magnesia,  1*99  lime,  '96  soda,  and  9*62  water. 

VOZAOSTBZTB.     Calcio-cupric  vanadate.     (See  Vanadium,  p.  991.) 

VOZiOAVZO    OZJkSB.     Sj-n.  with  Obsidian  (i v.  169). 

VO&CAVZTB.    Selenide  of  sulphur,  from  Viilcano,  one  of  the  Lipari  Islands. 

VO&oaRZTS.  Antimonic  hydrate,  5IIK).Sb30^  or  Sb*IIH>*,  occurring  as  a 
wliite  powder  or  crust  with  ccn'antite  (i.  524),  and  resulting  from  its  alteratioiu 
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know  the  capacity  of  the  divisions  of  the  tube  AB,  which  we  shall  suppose  known.  Thus 
suppofie  that,  on  the  tube  being  raised,  the  mercury  within  stands  at  C,  and  without 
at  D,  then  h  being  the  ordinary  barometric  pressure  of  the  atmosphere  at  the  time, 
A -CD  (inches)  is  now  the  pressure  on  the  air  within.  If  «  be  the  capacity  of  the 
vessel  AE,  down  to  the  zero  A,  we  find  that — 

Under  the  pressure  h,  the  air  within  has  the  volume  u ; 

„  „        A— CD  „  „  tf  +  vol.  AC. 

Hence,  by  the  law  that  the  volumes  of  gases  are  inversely  as  their  pressures,  we 
find— 


u 


u  +  vol.  AC 


A  -  CD        ,       A-CD     ,    .^ 
_^__,orti«_^-   voLAC. 


^ 


s 

1 


G 


M~ 


» 


1 


Now,  if  we  place  any  object,  as  sand,  gimpowder,  a  soluble  salt,  &c.,  having  the  total 

volume  V,  in  the  vessel  AC,  we  may  proceed,  as  before,  to  find  the  volume  «r  — v  of  air 

still  remaining  in  A£;  and  us  u  is  already  known,  we  thus  find  r,  in 

Fiff.  821.   cubic  inches.    From  the  volume  r,  the  weight  of  the  objects  in  AE,  and 

the  weight  of  a  cubic  inch  of  pure  water  at  60^,  we  may,  by  a  simple 

.     ^     .     calculation,  find  the  specific  gravity  of  the  objects. 

The  stercometer  has  been  rendered  much  more  accurate  and  convenient 
by  Prof.  W.  H.  Miller,  whose  form  of  the  instrument^  as  employed  by  him 
in  finding  the  specific  gravity  of  standard  weights  not  allowed  to  be 
weighed  in  water,  we  will  now  describe,  referring  to  the  PhiL  Mag. 
[1834]  V.  203,  and  Phil.  Trans.  [18.')6]  cxlvi.  799. 

It  consists  of  two  glass  tubes,  PQ,  DB  (fy.  821),  of  equal  diameter, 
communicating  with  each  other  at  their  lower  ends,  which  arc  Ci>mented 
into  the  oblong  piece  of  iron,  QB.  Below  the  ends  of  the  tubes  are  holi^ 
concentric  with  the  tubes,  that  below  PQ  being  closed  by  the  screw  K, 
while  below  DB  is  the  stopcock  L.  On  the  upper  end  of  PQ  is  the 
metallic  cup  P,  which  may  be  closed  air-tight  by  the  plute  of  glass  K, 
smeared  with  lard.  The  tube  PQ  is  accurately  marked  with  a  scale  of 
centimetres,  and  the  fractional  parts  of  the  divisions  may  be  read  off  by 
the  ivory  scale  S,  a  centimetre  long,  divided  to  every  fifth  of  a  millimetrt'. 
Some  contrivances  of  Prof.  Miller  for  avoiding  error  of  parallax  in  this 
reading  need  not  here  be  described. 

To  use  this  instrument^  the  object  experimented  on  is  placed  in  a  cop 
within  the  vessel  F  ;  and  mercury  is  poured  into  the  tube  at  D,  until  bota 
tubes  are  nearly  full,  and  the  surfiice  in  PQ  stands  exactly  at  zero  of  the 
scale.  The  pbite  E  is  now  placetl  air-tight  upon  F,  which  being  accom- 
plished, the  stopcock  £  is  opened,  and  mercury  is  allowed  to  run  out, 
until  the  difference  of  altitude  of  the  mercury  in  the  two  tubes  is  nearly 
equal  to  half  the  height  of  the  barometer  at  the  time.  Suppose  the  mer- 
cury in  PR  now  to  stand  at  the  point  M,  and  in  DB  at  the  point  C ;  tht^n 
the  pressure  within  F  is  less  than  the  atmospheric  pressure  by  the  weight 
of  the  column  of  mercury,  MC,  which  corresponds  to  the  column  of  mer- 
cury, CD,  in  the  simple  form  of  instrument  above  described  {fy.  820). 
Hence,  by  the  formula  already  given,  we  may  find  the  volume  of  air 
within  F,  occupied  or  unoccupicfd  by  other  objects.  This  is  on  the  con- 
dition, however,  that  we  know  the  volume  PM,  and  it  is  neceftsary  to 
determine  accurately  the  capacity  of  the  divisions  of  the  tube  PQ  by  the 
usual  method  of  filling  it  with  mercury,  and  weighing  the  portions  as 
they  run  out,  corresponding  to  given  lengths  of  the  tube.  To  facilitate 
this  operation,  F  may  be  unscrewed,  and  the  stopcock  L  substituted;  and 
the  instrument  being  inverted,  mercury  may  be  poured  in  through  a  tube- 
funnel  at  the  opening  K. 

The  results  of  this  inHtrument  are  much  affected  bv  changes  of  tern- 
peniture,  and  will  be  uncertain  and  inexact,  except  m  the  luinds  of  a 
skilful  and  careful  o{)crator.  Actual  readings  of  a  good  barometer  at  the 
time  are  also  necessarj'.     (See  Barombteb,  i.  609.)  W.  S.  J. 

and  VOXiZZTB.    Syn.  with  Voltzix  and  Voltzitb. 


ZQ 
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VOXAUZiZTB.     Syn.  with  Lazuijtb  (iii.  477). 

VOSBAVBB&ZTB.  A  massive  dark-brown  variety  of  serpentine  from  Monzoni 
in  the  Flemser  valley,  Tyrol:  specific  gravity  —  2'46.  (Oellacher,  Jahrb.  geoL 
Reichsanslalt,  1857,  p.  268.) 

V080ZTB.  This  name  was  given  by  Delesso  to  a  green  felspar  from  the  porphyry 
of  the  Vosges,  and  from  the  gabbro  of  Mont  Genivre.  Rammelsberg  has,  however, 
«hown  that  it  is  merely  a  decomposed  labradorite. 
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Syn.  with  Grattwackb  (ii.  842). 

A  term  applied  to  ores  of  manganese  of  variable  composition,  consisting 
mostly  of  mixtures  of  the  sesquioxide  and  dioxide  of  manganese.  (See  Maicganesis, 
iii.  813.) 

IXTAOZTB.  A  mineral  from  INiscbni-Jagart  in  tbe  Ural,  containing  26*0  per  ct^nt. 
silica,  66*9  zinc-oxide,  4*7  water,  and  1*55  lime,  together  with  traces  of  copper  and  iron, 
closely  allied  therefore  to  hemimorphito,  but  containing  somewhat  less  water.  It  forms 
crystitlline  coatings  of  blue  to  green  colour ;  hardness  ^  5*0,  and  specific  gravity  a 
2'707.     (Radoszkowski,  Compt.  rend.  liii.  107.) 

IXTAOVBUZTB.  Fhosphatofluoride  of  magnesium,  found  in  the  valley  of  Hollen- 
grabeu  in  Salzburg.     (See  Phosphates,  iv.  669.) 

IXTAZFA.  The  Chinese  name  of  a  yellow  dyestufT,  consisting  of  the  undeveloped 
flower-buds  of  Sophorajaponica. 

Eetinite  from  the  coal-mines  of  Walchow  in  Moravia  (p.  98). 

A  green  mineral  resembling  actinolite,  from  the  serpentine 
of  Waldheim  in  Saxony,  containing,  according  to  K nop  (Ann.  Ch.  Pharm.  ex.  360), 
666S  per  cent,  silica,  10*65  magnesia,  10-84  limo,  12*64  soda,  5*66  ferrous  oxide,  0*36 
manganouH  oxide,  and  1*72  alumina.     Hardness  »  6*0.    Specific  gravity  »  2*957. 

Parmelia  parietina.    (See  Lichens,  iii.  587.) 

Juglans  regia. — The  green  shells  of  the  fruit  of  this  tree  contain. 
according  to  Braconnot,  a  peculiar  bitter  principle,  together  with  citric  acid,  malic 
acid,  tannin,  &c  According  to  Buchner,  the  alterable  constituent  of  the  shells  and 
leaves  of  walnuts  is  not  tannin,  but  a  peculiar  acid,  jugl audi c  acid,  which,  in  contact 
with  the  air,  is  converted  into  a  neutral  brown  insoluble  substance  called  juglandin 
(iii.  444). 

The  ripe  kernels  contain  40  to  50  per  cent  of  a  fat-oil,  having  a  yellow  or  greenish- 
yellow  colour,  a  mild  taste  and  odour,  and  a  specific  gravity  of  0*96.    It  aolidifies  at  < 
—  27^»  dissolves  sparingly  in  alcohol,  and  dries  easily  in  contact  with  the  air.   According 
to  Saussure  and  Hermann,  it  contains  from  79  to  80  per  cent  carbon,  and  10*5  to  11*0 
hydrogen. 

According  to  Vogol  and  Keischauer  (Buchn.  Repert.  v.  106;  vi.  1),  fresh 
walnut-shells  contain  a  peculiar  principle,  which  they  call  mucin  (iv.  143). 

The  asfi  of  the  wood,  bark,  and  leaves  of  the  walnut-tree  in  spring  and  autumn  has 
been  uualyHed  by  Staffel  (Ann.  Ch.  Pharm.  Ixxvi.  379)  ;  that  of  the  nutfi  themselves 
by  Glasson  {ibid.  Ixi.  343)  : 


Ash  of  the  Walnut-tree, 

Wood. 

B«rk. 

1.4'aTea. 

NuU. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Ash  per  cent,  of  fresh 
substance 

1    0*90 

1*47 

1*38 

3*68 

1.09 

2*57 

0-67 

Ash  per  cent,  of  dry 
substance 

'  1    1  003 

2*98 

8*75 

6*40 

7-72 

7*0 

Potash 

.      40-8 

14-9 

44*5 

11*0 

420 

255 

271 

Lime . 

.      22*6 

55*9 

18*4 

70*1 

26*9 

53*6 

21*6 

Magnesia  . 

8*9 

81 

7*2 

10-5 

4*8 

9*8 

7-7 

Alumina    . 

>       .     . 

.     . 

«         • 

0*3 

0-2 

006 

Ferric  oxide 

2*7 

2*2 

0*8 

0*4 

04 

0*5 

0*7 

Sulphuric  anhydride  . 

40 

31 

4-4 

0*1 

2*6 

2*6 

2*3 

Silicic            „ 

2*4 

2*8 

2*7 

0*7 

1*2 

20 

1*1 

Pljosphoric    „ 

14*9 

12*2 

19-9 

5*8 

211 

40 

35*6 

Chloride  of  potassium 

31 

0-6 

1-9 

0-9 

1*0 

1-7 

0*8 

Several  preparations   from  the  leaves  and  young  shells  of  the  walnut  are  used  in 
medicine ;  the  oil  of  the  nuts  is  used  chiefly  as  a  condiment.     (Hundw.d.  Chem.  ix.  555.) 
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WATER. 


Grains. 


Cubic  centimetres 
at  40  C. 
grammes. 


1 

15-432349 

2o2-456 

7000- 

70000- 

436,495 

le-ssen.'iQ 

454-3457969 
4543-457969 
28315- 


Cubic  Inches 
at  62°  F. 


Pound. 


-061027 
1 

27-727 
277-276 
1728- 


G.illnn  at 

en"  F. 


-0002201 


1 

10-        1 
62  355    6-2355 


C.i  bic  f»^t 
Hi  G-^  F.      ' 


•0000353 

-016O46 
•16046 


pises.  Thus  at  0°  C.  it  amounts  to  0000503  ;  at  10-8°  to  000048 ;  at  35°  to  -0000456, 
and  at  53°  to  000041.  (Orassi,  Ann.  Ch.  Phjs.  [3],  xxxi.  437.  See  Elasticitt, 
ii.  370.) 

Taking  the  volume  of  water  at  0°  C.  as  unity,  it  expands  to  1042986  when  heated  to  1 00® 
C.  (Kopp),  and  to  1  101 6  when  heated  to  156-8°.   (Mendelejeff.— SooirKA.T,iii.58.'i 

Water  has  a  high  cjipacity  for  heat,  and  its  specific  heat  is  taken  as  the  standarrl  of 
unity  in  reference  to  which  the  capacities  of  other  substances  for  heat  are  expressed. 
(Heat,  iii.  34  ) 

Water  is  a  very  bad  conductor  of  heat ;  but  when  heat  is  applied  to  water  from  below 
the  portion  which  is  heated  expands,  and  thus  becoming  specifically  ligliter,  rises 
to  the  surface,  while  the  colder  and  denser  portion  sinks,  and  is  in  its  turn  heat^nl, 
until  the  whole  mass  acquires  a  uniform  temperature.  (Conduction  of  IIrat» 
p.  73.) 

At  the  temperature  of  0"^  C.  water  becomes  solid  or  freezes,  and  at  the  same  time  ex- 
pands considerably.  In  that  state  it  presents  as  ice  crystalline  structure,  and  as  snow 
crystalline  forms  belonging  to  the  hexagonal  system,  which  are  derivatives  of  the  rhom- 
bohodron  and  six-sided  prism. 

Ice  is  colourle.s8  or  slightly  blueisb,  and  transparent  when  it  has  been  formed  from 
water  perfectly  at  rest.  Its  density  is  less  than  that  of  water  at  0^  C,  or  about  0-9*20 
(Dufour,  Compt.  rend.  Ivi.  1079. — Duvernoy,  Pogg.  Ann.  cxvii.  454).  Consequently 
ice  always  fioiits  on  the  surface  of  water,  and  since  wat^'r  attains  its  maximum  den.«»ity 
at  the  temperature  of  4°  alwve  the  freezing-point,  it  follows  that  when  the  water  of 
Likes,  rivers,  &c.,  is  cooled  below  that  point,  the  colder  portion  remains  at  the  surface, 
and  when  it  reaches  the  freezing  point,  is  there  converted  into  ieo,  while  the  water  below 
remains  at  4°  C. 

The  expansion  which  takes  place  in  the  freezing  of  water,  to  the  extent  of  nearly  ^ 
the  volume  of  the  water,  frequently  causes  the  bursting  of  pipes  and  other  vessels, 
and  it  is  a  powerful  agent  in  the  disintegration  of  rocks.     (See  Hkat,  iii.  78  r(  ^tq.) 

Water  contained  in  close<l  vessels  and  in  a  state  of  perfwt  rest  may  be  coole<l  to  — 10° 
or  — 13°  C.  without  becoming  solid,  and  then  on  the  slightest  agitation  it  suddenly  soli- 
difies.    (Heat,  iii.  75.) 

The  conversion  of  water  at  0°  C.  into  ice  is  accompanie<l  by  liberation  of  heat,  and 
in  the  melting  of  ice  heat  is  absorbed  or  rendered  latent  to  the  same  extent,  without 
wising  the  temperature  of  the  water  above  0°,  so  that  by  applj-ing  heat  to  a  mixtuppof 
ice  and  water,  the  temperature  is  not  raised  above  0°  until  after  all  the  ice  has  l»een 
melted.  The  quantity  of  heat  absorbetl  or  lil>erate<l  in  the  melting  of  ice  or  freezing  of 
water  is  sufficient  to  raise  the  t<'mperature  of  an  «'qual  weight  of  water  to  the  extent  nf 
79*2°  C,  so  that  when  1  pound  of  ice  is  mixe<l  with  1  pound  of  water  at  79*2°.  the  ice  is 
melted  and  the  whole  of  the  water  has  a  temperature  of  0°  C.     (Heat.  iii.  77.) 

The  melting  point  of  ice  is  reduced  slightly  below  0^  C.  l>y  increase  of  pn-ssure  to 
the  cxtrnt  of  0-00747°  C.  for  each  additional  atmosphere.  (>ionsson,  Ann.  Ch.  Phvs. 
[3],  Ivi.  252.     See  Hkat.  iii.  76.) 

Water  evaporates  at  all  temperatures  when  in  contact  with  atmospheric  air  or  other 
g;ises,  and  the  vajwur  thus  fonneil  has  a  density  and  tfUhion  determine<l  by  the  tem- 
perature (see  Hkat,  iii.  81,  93).  This  evaponition  takes  place  only  from  the  surface, 
and  to  an  extent  proportionate  to  the  volume,  tempemt  ure,  and  dryness  of  th<*  air  with 
which  the  water  is  in  contact.  In  a  confined  space  this  evaporation  ceases  when  the 
air  becomes  saturated  with  water-vapour.  In  the  open  air  it  proceeds  mope  rapidly 
in  proportion  to  the  extent  of  surface  expo8<'d,  and  when  tbo  air,  which  has  become 
saturated  with  vapour,  is  constantly  replaced  by  fresh  air.  Consequently  a  rapid  cur^ 
rent  of  air  favors  evaporation. 

Under  the  ordinary  atmospheric  pressure — 760  mm.  or  29  922  inches — water  boils 
at  the  temperature  of  100°  C,  and  is  converted  into  upwards  of  1600  timet  its  volume 
of  vapour.  When  the  pressure  is  reduce<l  to  near  a  vacuum,  the  boiling  point  is  lowered 
to  nearly  0°  C. ;  and  it  rises  when  the  pressure  is  iucreasetl,  as  shown  in  the  following 
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■way.  A  solution  containing  10  per  cent,  of  common  salt  freezes  at  —6^  C. ;  one  with 
10  per  cent,  ammonium-chloride  freezes  at  -  6'5°  C. ;  one  with  43  per  cent.  crystalliKe^I 
calcic  chloride  freezes  at  —10°  C,  and  a  saturated  solution  of  calcic  chloride  freezes 
at  —21°  C.     (Rudorf,  Poggcnd.  Annal.  cxiv.  63.) 

The  boiling-point  of  water  is  raised  when  it  contains  solid  substances  in  solution, 
and  to  an  extent  proportionate  to  the  amount  of  substance  in  solution.  (See  Heat, 
iii.  89.)  Liquid  and  gaseous  substances  dissolved  in  water  sometimes  cause  a  rise  and 
sometimes  a  depression  of  the  boiling-point. 

Certain  liquids  when  mixed  with  water  form  two  solutions  which  do  not  mix,  each 
liquid  acting  as  a  solvent  to  the  other ;  thus  water  dissolves  10  per  cent,  by  measure  of 
ether,  while  ether  dissolves  alK)ut  J^  of  its  bulk  of  water,  and  when  water  is  mixed 
with  more  ether  than  it  can  dissolve,  these  saturated  solutions  are  formed  in  two 
separate  layers. 

The  saturated  solutions  of  solid  substances  which  are  capable  of  crystallising 
deposit  these  substances  in  a  cr^'staUine  form  when  the  water  is  evaporated,  and 
the  crystals  thus  produced  are  generally  larger  and  more  regular  when  the  evaporation 
goes  on  slowly,  and  without  disturbance  of  the  liquid.  (Cbtstailisatiom,  ii.  114 
etseq.) 

W  ater,  in  its  chemical  characters,  is  a  remarkably  neutral  substance,  the  relatively 
basylous  and  chlorous  characters  of  its  constituents  being  so  nearly  compensated  that 
it  is  capable  of  assuming  either  relation  according  to  the  nature  of  the  substance  with 
which  it  reacts  or  combines.  Its  basyl  constituent  may  be  n>placed,  either  by  a 
basylous  or  chlorous  substance  (Metals  and  Metaixoids,  iii.  937 )f  so  as  to  produce 
a  great  variety  of  compounds  whose  constitution  is  referrible  to  the  type  of  water. 

Water,  though  itself  an  eminently  neutral  substance,  often  exercises  an  important 
influence  in  determining  the  chemical  activity  of  other  substances,  not  only  as  a  solvent 
by  rendering  one  or  more  of  the  substances  concerned  in  a  particular  reaction,  liquid, 
and  in  so  far  more  susceptible  of  chemical  action,  but  also  by  taking  part  in  the  reac- 
tion itself ;  thus,  for  instance,  concentrated  sulphuric  acid  and  iron  present  no  reaction 
even  when  heated  to  the  boiling-point,  and  this  is  also  the  case  with  concentrated  nitric 
acid,  and  the  metals  tin,  lead,  and  iron.  When  water  is  added,  however,  vigorous 
chemical  action  is  at  once  set  up,  and  in  numerous  other  instances  the  presence  uf 
water,  in  some  condition,  is  essential  to  chemicail  action.  The  chemical  processed 
taking  place  in  the  organisms  of  plants  and  aniintils  require  the  presence  of  water,  and 
in  the  alteration  of  minerals  it  is  equally  necessary,  both  as  t'.e  solvent  of  products 
of  decomposition,  and  as  the  medium  for  rendering  efficient  the  ciirbonic  acid,  oxygen, 
&c.,  by  which  alteration  is  produced. 

Compoaitiim. — The  composition  and  constitution  of  water  have  already  been  treated 
of.    (Htdboobm,  Oxides  of,  iii.  196.) 

Df composition. — Water  may  be  decomposed  in  various  ways ;  viz. 

1.  With  liberation  of  both  constituents. 

By  Heat. — Grove  fin*t  observed  that  water  is  decomposed  by  heat  Deville  con- 
siders that  this  decomposition  (disasaociation)  takes  place  between  1000^  and  2000^  C, 
and  that  at  a  lower  temperature  the  greater  portion  of  the  gases  again  combine  to- 
gether. 

By  Electricity. — When  two  platinum- plates  arc  immersed  in  a  vessel  of  water, 
slightly  acidulated  with  sulphuric  acid  to  increase  ita  conducting  power,  and  theM 
plates  are  connected  with  the  poles  of  a  voltaic  battery,  hydrogen  and  oxygen  gasefl 
are  evoIve<l  at  the  surfaces  of  the  plates.  If  these  gases  are  collected  in  two  glasi* 
tubes  filled  with  wiitor  and  inverted  over  the  platinum-plates,  the  volume  of  the  hy- 
drogen gas  evolved  at  the  one  plate  will  be  found  to  be  exactly  double  that  of  the 
oxygen  gas  evolved  at  the  other  plate,  except  in  so  far  as  the  greater  solubility  of  oxygen 
gas  in  water  affects  this  relation.     (Electrolysis,  ii.  432  et  seq.) 

2.  With  liberation  of  one  constituent  only : — 

The  mefais  of  the  alkalis  and  alkaline  earths  decompose  water  at  the  ordinaiy  tem- 
perature, disengaging  hydrogen  and  forming  oxides.  Many  other  metals  decompoi^e 
water  or  water-vapour  in  the  same  way  at  temperatures  varying  from  100®  C.  to  a 
white  heat.  Others  do  not  decompose  water  under  the  influence  of  heat  alone. — Iron 
and  many  other  metals  decompose  water  at  the  ordinary  temperature,  only  in  the 
presence  of  an  acid. — Zinc  and  some  other  metals  decompose  water  under  the  influence 
of  heat,  and  in  the  presence  of  an  alkali. 

Carbon  also  decomposes  water-vapour  at  a  red  boat,  yielding  hydrogen,  some  car- 
bonic oxide,  and  a  little  carburetted  hydrogen. 

Some  of  the  lower  oxides  decompose  water,  or  water-vaponr,  with  evolution  of  hy- 
droffen,  either  at  the  ordinaiy  temperature  or  with  the  aid  of  heat.— £^ra/ei  silicintu 
oxias  docomposee  water  in  presence  of  acids  or  ammonia,   forming  silicic  acid.— 
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loses  10  at.  water  at  120^,  and  the  remainiDg  2  atoms  are  not  separated  niider  200^  C. 
Water  of  cry stalli Ration  may  also  be  abstracted  from  crystals  by  immersing  them  in  a 
liquid  which  attracts  water  but  does  not  dissolve  the  substance.  Thus  alcohol  ab- 
stracts water  from  crystallised  sodic  sulphate,  and  oil  of  vitriol  abstracts  it  from 
cupric  sulphate. 

Substances  containing  water  of  crystallisation  frequently  melt  with  ease  when  heated, 
and  then  become  solid  again  after  the  heat  is  maintained  some  time,  and  the  water  of 
crystallisation  has  been  evaporated. 

Many  amorphous  substances  also  contain  water  in  a  state  of  combination  similar  to 
that  in  which  it  exists  in  crystals. 

Substances  which  are  very  soluble  in  water  often  attract  water  from  the  atmosphere 
to  such  an  extent  as  to  form  a  solution,  and  are  then  called  deliquescent,  as  for  instance 
calcic  chloride.  (Deliquesckncr,  ii.  309.)  Many  insoluble  pulverulent  subetances 
also  attract  water  from  the  air  in  the  same  manner,  as  for  instance  cupric  oxide,  silica, 
&c.,  and  are  termed  ht/ffroscopic.  Organised  substances,  such  as  wood,  hair,  &c,  have 
the  same  property  (Htohomktey,  iii.  233).  Some  liquids  have  the  same  property,  aa 
for  instance  sulphuric  acid. 

Vatural  VTater. — The  constant  evaporation  from  the  surface  of  all  masses  of 
water  exposed  to  the  atmosphere,  the  diffusion  of  the  water-vapour  throughout  the 
atmosphere,  and  its  subsequent  condensation  there  to  the  liquid  or  solid  state,  give 
rise  to  au  incessant  circulation  of  water,  which  enables  it  to  play  an  important  part  in 
a  variety  of  natural  phenomena.  Of  the  total  amount  of  condensed  atmospheric  vapour 
falling  upon  the  surface  of  continents  and  islands,  a  certain  portion,  whifh  varies  in 
different  localities  according  to  the  relative  permeability  and  configuration  of  the  super- 
ficial strata,  is  absorbed  and  penetrates  downwards,  until  it  reaches  a  less  permeable 
stnitum,  above  which  it  accumulates,  and  taking  an  underground  course,  deU'rminttl 
by  the  inclination  of  the  strata,  towards  some  point  where  they  crop  out  again  at  a  lower 
level,  reappears  at  the  surface  as  springs  along  the  line  of  outcrop.  It  is  there  dis- 
charged into,  or  forms  the  source  of  a  stream,  and  thence  flowing  along  the  surface, 
such  streams  unite  to  form  a  river,  which  finally  falls  into  the  sea.  If  the  peniicaMo 
or  "water-bearing"  strata  do  not  crop  out  again  at  the  surface,  but  dip  down  under 
others  which  are  impervious,  the  water  they  absorb  may  penetrate  to  very  considerable 
depths,  and  will  not  then  reappear  at  the  surface  as  a  spring,  unless  it  meets  with 
a  fissure  through  which  it  may  be  forced  upwards — either  by  the  hydrostatic  prenure 
of  the  water  in  the  upper  extremity  of  the  water-bearing  strata,  or  by  some  othtT  fori'e 
acting  from  below — or  unless  the  overlying  stnita  are  bored  tlirough  so  as  to  form  au 
artificial  spring.  (See  Artesian  Wells,  Ur^s  Dictionary  of  Arts,  Manufaciuns,  and 
Miw8,  i.  192  <•/  srq.) 

As  a  consequence  of  the  remarkable  solvent  power  of  water,  it  takes  up  whatever 
soluble  substances  it  may  meet  with  in  each  stage  of  its  passage  from  the  state  of 
vapour  in  the  atmosphere  to  its  discharge  into  the  sea.  (Geology,  Chkmistkt  op, 
ii.  834  et  seq.)  For  this  reason  natural  water  never  occurs  absolutely  pure,  and  baring 
regard  to  this  circumstance,  the  different  kinds  of  natural  water  may  be  elassifiisl 
under  the  heads  of  rcun-wattr,  spring-water,  ritur-tcater,  and  sea-water. 

Sain-water  approaches  nearer  to  absolute  purity  than  any  other  kind  of  natural 
water.  When  collected  in  suitable  vessels,  it  contains  only  such  dissolved  substances 
as  it  can  derive  from  the  atmosphere.  These  consist  chiefly  of  atmospheric  gases — 
oxygen,  nitrogen,  and  carbonic  anhydride,  together  with  organic  su1>stance,  and  pirti- 
eles  of  dust  and  such  other  mechanical  admixtures  as  are  sometimes  present  in  the  air 
about  towns,  factories,  &c.     (Atiiosphbrx,  i.  439  r/  seq.) 

The  total  amount  of  gases  dissolved  in  rain  water  is  aliont  25  cubic  centimetres 
per  litre.  Tlie  ratio  of  the  oxygen  to  nitrogen  by  volume  is  greater  in  this  gas  than  in 
atmospheric  air,  on  account  of  the  greater  solubility  of  oxygon  in  water.  (Atmo- 
sPiiRUR,  i.  437. — Gases,  Ausobption  of,  ii.  790.)  Analysis  has  given  the  following 
percenUi;;e  results  by  measure : 

B^nmert.  Peligot. 

Oxygen 33*7  31*2 

Nitrogen         .         .         .        .64*5  66*4 

Carbonic  anhydride        .        .      1*8  2*4 

Fain-water  probably  always  contains  ammonia  to  some  extent,  either  as  carbonate 
or  combined  with  other  acids.  The  amount  is  greater  just  after  the  commencement  of 
min  than  when  it  has  continued  for  a  long  time.  Boussingault  found  *004  grm.  ]^r 
litre  in  rain-water  collected  in  Paris,  and  in  that  collected  in  the  country  only  -00079 
grm.  per  litre.  Dew  he  found  to  contain  from  '001  to  '006  gnn.  per  litre.  In  water  con- 
densed from  fog  he  found  '0497  grm.,  and  on  another  occasion  in  Paris  *1 378  grm.  per 
litre.    Barral  found  from  *002  to  *003  grm.  per  litre  in  rain-water  collected  in  Paris 
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charged  into  the  rivers,  which  are  the  natural  drains  of  the  coiuitry  tbey  flow  through' 
The  organic  substance  thus  constantly  carried  into  rivers,  and  difibsed  throaghout  the 
running  water  containing  dissolved  oxygen,  is  exposed  to  its  influence  and  gradnailj 
decom).K)»ccl,  bein^:  ultimat<'ly  converted  into  the  final  products  of  such  change,  viz^ 
carbonic  anhydride,  water,  ammonia,  nitrites,  and  nitrates  ( Ebkm a causis,  ii.  497). 
Thus  the  oxygen  dissolved  in  river-water,  and  constantly  renewed  by  the  contact  of  the 
flowing  water  with  the  atmosphere,  plays  an  important  part  in  the  natural  purification 
of  rivers,  and  in  preventing  the  putrefaction  or  accumulation  of  organic  substance 
in  tlieir  water.  In  the  caae  of  rivers  flowing  through  populous  districts,  and  re- 
ceiving the  drainage  of  the  towns  situated  within  their  basins,  in  addition  to  the 
natural  surface  drainage,  the  quimtity  of  putrescible  organic  substance  thus  constantly 
carried  into  the  rivers  as  sewage  may  be  so  large  that  this  natural  process  of  purifica- 
tion is  inadequate  to  prevent  putrefactive  change,  especially  during  hot  weather, 
when  the  temperature  of  the  water  rises  considerably  (Fermentation  and  Pttre- 
FAcnoN,  ii.  623,  et  seq.).  The  condition  of  the  Thames  within  London,  during  the 
autumn  of  1859,  whan  the  sewage  of  the  whole  population  was  discharged  directly  into 
it,  affords  an  illustration  of  the  consequences  of  such  contamination  of  a  river.  Some 
observations  made  by  Professor  Miller  at  that  time  on  the  gaseous  contcTits  of  the 
water  tiiken  at  different  points  of  the  Thames  at  low  water,  also  serve  well  to  elucidate 
botli  the  natural  process  of  purification  taking  place  in  river-water,  and  the  influence 
of  sewage  contamination  on  the  condition  of  the  water,  as  will  be  seen  from  thefoliow- 
inji  tabular  statement : 


Thames  water  taken  at 


Total  amount  of  gas  f 
per  litre  j 


Carbonic  anhvdride  . 

Oxygen 

Nitrogen 


Ratio  of  oxygen  to  J 
nitn>gen  ) 


_,.  Hammer- 

Kingtion.       smith. 


cub.  cent. 
527 


30-3 

7-4 

160 


cub.  cent. 


1:2 


41 
161 


1 :  3-7 


Somerset 
Hi.uae. 

Greenwich. 

cub.  cent. 
62-9 

cub.  cent. 
71-26 

46-2 

1-5 

16-2 

66-6 

•25 
15-4 

1 :  10-6 

1:60 

Woolwich. 


cub.  cent. 
6305 

483 

•25 
14-5 

Eritb. 


1:52 


cub.  cent. 


743 


57- 
15-5 


1:81 


From  these  results  it  will  be  seen  that  while  the  water  at  Kingston  wras  in  a  normal 
state  of  aemtion,  the  influence  of  sewage  contamination  in  abstracting  oxygen  began  to 
become  evident  at  Hammersmith.  At  Somerset  House  it  was  still  more  marktxl,  and 
at  Greenwich  and  Woolwich  the  oxygen  had  been  almost  entirely  consumed  ;  but  by 
the  time  the  water  reached  Erith  its  state  of  aeration  had  greatly  improved  as  regards 
oxygen.     (See  also  R.  A.  Smith,  Mem.  Philos.  Soc.  Gla.«?gow,  vi.  154,  et  sea.) 

In  addition  to  the  dissolved  contents  of  river-water,  saline,  organic,  and  gaseous,  it 
almost  always  contains  mechanically  suspended  substance,  the  amount  of  which  varies 
according  to  the  quantity  of  rain  passing  into  the  rivers  at  different  seasons,  and  alao 
according  to  the  nature  and  extent  of  the  surfaces  drained  by  them.  The  amount  of 
suspended  substance  in  the  Thames  is  sometimea  as  much  as  '5  grm.  per  litre  at  low  water, 
and  -2  grm.  per  litre  at  high  water.  In  the  Seine  at  Paris,  the  amount  of  suspended 
substance  varies  from  '007  to  118  grm.  per  litre;  in  the  Rhine  at  Bonn  it  is  from  -017 
to  "205  grm.  per  litre;  and  in  the  Meuse  from  •OM  to  '474  grm.  perltre.  In  the  water 
of  the  Mississippi  the  average  amount  of  suspended  substance  is  about  '8  grm.  per  litre ; 
in  that  of  the  Ganges  it  is  stated  to  vary  from  '2  to  2*  grm.  per  litre,  and  in  that  of  the 
Yellow  River  to  bo  still  larger. 

The  water  of  lakes  which  are  situated  among  crystalline  or  schistose  rocks,  and 
have  an  outlet,  is  sometimes  almost  as  pure  as  rain-water.  Lakes  through  which 
rivers  flow,  as  the  Rhone  flows  through  the  lake  of  Geneva,  may  be  considered  as  mere 
local  expansions  of  the  rivers,  and  their  water  will  have  nearly  the  same  dissolved 
contents  as  the  river- water.  On  the  contrary  in  lakes  which  have  no  outlet,  like 
the  Dead  Sea,  and  many  of  the  salt-water  or  soda  lakes  of  Eastern  Europe,  Asia, 
Africa,  and  America,  the  water  though  sometimes  fresh,  is  often  so  highly  charged  with 
saline  substances,  which  have  accumulated  by  the  evaporation  of  the  water  flowing  into 
the  lakes,  that  in  the  dry  season  certain  of  the  saline  contents  are  deposited,  as  in  the 
case  of  the  salt  lakes  of  Russia,  Central  Asia,  Africa,  and  America  (p.  184);  the  sodii 
lakes  of  Egjpt,  Asia,  Mexico,  and  Hungary  ;  the  borax  lakes  of  Thibet,  &c 
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enormouB.  It  has  been  estimated  that  the  suspended  material  annually  diachaiged 
into  the  sra  by  the  Mississippi  is  equal  to  4,000  million  cnbic  feet  of  day,  and  that 
the  quantity  thus  conveyed  into  the  Bay  of  Bengal  by  the  Ganges  and  Brahmapootn 
amount  to  ten  times  as  much.     (Lyell's  Principlrs  of  Geology.} 

But  the  suspended  mud  of  rivers  constitutes  only  a  part  of  the  material  they  convey 
into  the  ocean.  A  further  and  probablv  equal  quantity  is  discharged  into  it  in  a  state 
of  solution.  The  composition  of  the  dissolved  material  carried  into  the  sea  by  riven 
differs  widely  from  that  of  the  dissolved  contents  of  sea-water,  as  will  be  seen  from  the 
following  comparison  of  the  relative  proportions  of  the  chief  constituents  in  both  cases: 

CO*. 

Dissolved  contents  of  sea  water  .    . 
„  „         river-water  807* 

From  this  comparison  it  will  be  seen  that  precisely  those  substances  which  are  pre- 
sent in  the  dissolved  contents  of  sea-water  in  the  smallest  amount,  relatively  to  chlo- 
rine, exist  in  the  dissolved  contents  of  river-water  in  the  largest  amount  relatively  to 
chlorine,  and  are  carried  into  the  sea  in  the  largest  quantities.     These    substances, 
however,  do  not  accumulate  in  sea- water;   but  are  abstracted  from  it  by  marine 
plants  and  animals,  whose  growth  is  probably  to  a  great  extent  supported  by  the 
dissolved  material  conveyed  into  the  sea  bv  rivers,  and  its  chief  constituents  are  found 
in  the  ashes  of  marine  plants,  and  in  the  shells  or  skeletons  of  marine  animals.     (See 
Coral,  ii.  p.  84  ;  Seaweed,  v.  p.  212  ;  Sponge,  v.  p.  403.)     Consequently  the  action 
of  water  in  transporting  material  from  the  land  to  the  sea,  appears  to  be  one  of  the 
conditious  essential  to  the  existence  of  marine  organisms,  and  to   the  formation  of 
submarine  deposits,   either  through  their  agency  or  by  simple   subsidence.    (See 
Geology,  Chemistry  of,  ii.  836.) 

The  amount  of  sodic  and  magnesic  chlorides  carried  into  the  spa  by  rivers  is  small, 
but  as  these  salts  probably  accumulate  in  the  water,  and  as  the  supply  from  the  land, 
through  the  agency  of  water  evaporating  from  the  ocean,  is  continuous,  there  is  some 
ground  for  the  opinion  that  the  saline  contents  of  sea-water  are  rery  gradually  aug- 
menting, and  indeed  that  in  their  present  amount  they  may  be  altogether  the  result  of 
the  same  process  continued  during  long  geological  periods.  In  the  water  of  the  Baltic 
and  still  more  in  that  of  the  Mediterranean,  it  has  been  ascertained  with  tolerable 
certxiinty,  that  such  an  augmentation  of  the  saline  contents  is  going  on.  The  evapora- 
tion from  the  Mediterranean,  under  the  influence  of  hot  dry  winds  from  Africa,  is  so 
much  greater  than  the  supply  of  fresh  water  by  rivers,  that  a  current  of  salt  water  is 
constantly  flowing  in  from  the  Atlantic,  through  the  straits  of  Gibraltar.  The  water 
of  the  Mediterranean  consequently  contains  a  larger  average  amount  of  saline  contents 
than  that  of  any  other  sea  communicating  with  the  ocean.  Moreover,  since  the  amount 
is  greater  at  considerable  depths  than  it  is  near  the  surface,  it  appears  that  by  the 
evaporation  of  the  water  at  the  surface,  it  becomes  denser  and  sinks  towards  the 
bottom.  In  many  places  the  Mediterranean  is  upwards  of  6,000  feet  deep,  but  at  the 
Straits  of  Gibraltar  the  depth  is  only  1,320  feet,  so  that  although  there  is  an  outward 
deep  current  into  the  Atlantic,  the  denser  water  below  that  depth  cannot  flow  out.  A 
similar  process  of  concentration  is  going  on  in  the  Dead  Sea,  and  Caspian  Sea,  in  the 
salt  lakes  of  Russia,  and  the  soda  lakes  in  Egypt  and  Hungaiy,  which*receive  either  the 
water  of  rivers  or  of  springs,  and  have  no  outlet  for  their  water  but  by  evaporation. 

The  vast  quantity  of  material  continually  being  abstracted  from  the  solid  mass  of 
the  earth  by  the  water  of  springs,  obviously  indicates  considerable  progressive  alten- 
t  ion  of  the  rocks  from  which  it  is  derived.  As  regards  the  contents  of  fresh  water,  its 
chief  constituents  are  probably  obtained,  for  the  most  part,  by  direct  solution.  This 
may  also  be  the  case  with  some  kinds  of  mineral  water ;  but  as  regards  those  kinds  of 
mineral  water  which  contain  alkaline  and  ferrous  carbonate,  &;c.,  together  with  lai;ge 
amounts  of  carbonic  anhydride,  it  is  more  probable  that  their  dissolved  contents  origi- 
nate from  the  chemical  alteration  of  rocks.  This  is  especially  the  case  when  the  high 
temperature  of  the  water  indicates  that  it  comes  from  a  great  depth,  where  the  degree 
of  heat  and  other  conditions  obtaining,  may  be  sufficient  to  determine  reactions  which 
do  not  take  place  at  the  surface  of  the  earth.  Without  having  recourse  to  any  theory 
respecting  the  former  condition  of  the  earth,  and  its  materied  elements,  it  is  possible 
to  arrive  at  a  probable  inference  as  to  the  chemical  ehanges  involved  in  the  producti(m 
of  the  various  kinds  of  mineral-water,  simply  by  a  consideration  of  the  state  in  which 
the  substances  they  contain  exist  in  rocks,  or  in  those  minerals  which  are  the  most 
abundant  constituents  of  known  rocks,  and  of  the  effects  which  would  result  under  the 
influence  of  such  conditions  as  the  characters  of  mineral  water  testify  to  the  existence 
of  at  the  seat  of  their  production. 

One  of  the  most  striking  phenomena  presented  by  mineral  water  is  the  frequent  and 
abundant  occurrence  of  carbonic  anhydride,  either  dissolved  in  the  water  or  dischazged 
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The  sulphuretted  hydrogen  present  in  some  kinds  of  mineral-water  originates  from 
the  reduction  of  sulphates  by  carbonaceous  substance  and  the  decomposition  of  the 
sulphides  by  carbonic  anhydride. 

Qnallty  of  "Vrater  used  for  economlo  and  teobnloal  purposes. 

Since  natural  water  is  never  absolutely  pure,  it  is  evident  that  as  regards  the  water 
derived  from  any  particular  source,  its  fitness  for  ordinary  use  will  depond  chiefly  upon 
the  amount  and  nature  of  the  substances  which  may  be  present  in  a  state  of  solution. 
and  perhaps  also  mechanically  suspended  in  the  water.  For  drinking  and  for  many 
other  purposes,  water  which  is  perfectly  clear  and  colourless  is  sensibly  preferable  to 
such  as  is  turbid  and  coloured,  in  consequence  of  its  containing  su5{>ended  impurities 
whether  they  consist  merely  of  earthy  mud,  or  of  minute  living  organisms.  In  this 
respect,  spring  or  well-water,  which  undergoes  a  kind  of  natural  filtration,  is  generally 
preferable  to  the  water  of  rivers  or  lakes,  which  being  fed  to  a  great  extent  hj  surface 
dniinage,  are  therefore  the  receptacles  of  much  suspended  impurity,  and  generally  yield 
water  which  is  turbid. 

So  far  as  dissolved  substance  is  concerned,  those  kinds  of  water  which  contain  the 
smallest  amount  are  generally  preferable  for  most  purposes.  But  the  quality  of 
water,  as  regards  its  technical  and  economic  applications,  is,  within  certain  limits, 
much  more  influenced  by  the  chemical  nature  of  the  dissolved  contents,  than  by  the 
actual  amount.  Those  kinds  of  water  which  contain  but  a  small  amount  of  saline 
contents,  or  in  which  the  saline  contents,  though  in  large  amount,  consist  chiefly  of 
alkaline  salts,  are,  in  ordinary  language,  termed  "  soft."  Such  water  dissolves  common 
soap  without  causing  any,  or  at  most  but  very  little,  change.  On  the  contrary,  water 
containing  calcareous  or  magnesian  salts  in  solution,  decomposes  soap,  forming  with 
its  fatty  acids  insoluble  compounds  which  separate  as  a  curdy  white  precipitate.  Such 
water  is  commonly  called  "  hard,"  and  is  more  or  less  so  in  proportion  to  the  amount 
of  earthy  salts  it  contains.  The  salts  which  render  water  hard  are  calcic  or  magneeie 
carbonates,  sulphates,  or  chlorides,  and  as  the  former  are  held  in  solution  chiefly  by 
carbonic  acid,  the  hardness  due  to  them  may  be,  to  a  great  extent,  removed  by  boiling 
the  water,  and  by  driving  off*  the  carbonic  acid,  rendering  the  carbonates  insoluble.  But 
the  hardness  due  to  the  sulphates  nnd  chlorides  is  not  aff*ected  by  boiling.  Hard  wutf-r 
is  objectionable  for  many  purposes.  Its  use  for  wsshing  involves  considerable  waste 
of  soap,  since  the  curdy  precipitate  has  no  deteigent  action.  For  cooking  and  for 
various  manufacturing  purposes  also,  it  is  inferior  to  soft  water.  When  it  is  useil  for 
supplying  steam  boilers,  the  insoluble  carbonates  are  deposited  as  a  crust  upon  the 
inner  surface  of  the  boiler,  especially  when  the  water  also  contains  calcic  sulphato. 
This  salt  is  deposited  as  the  water  evaporates  in  a  crystalline  state,  and  serves  to  cement 
together  the  particles  of  carbonate  precipitate*!  when  the  water  is  first  heated. 

The  total  amount  of  dissolved  contents  in  water  suitable  for  economic  and  technical 
purposes  rarely  exceeds  -6  grm.,  or  at  most,  1*0  grm.  per  litre,  and  the  better  kinds  of 
water  contain  very  much  less. 

The  presence  of  dissolved  organic  substance  in  water  has  probably  a  much  greater 
influence  in  determining  its  fitness  for  dietetic  purposes  than  either  the  amount  or 
nature  of  the  saline  contents  of  ordinnry  fresh  water.     This  is  especially  the  cap«»  as 
regards  the  water  of  wells  or  rivers  so  situated  that  the  drainage  or  sewage  of  townst 
]>asses  into  them.     When  this  takes  place  to  any  considerable  extent,  the  natural  pro- 
cess of  purification  of  river-water,  cx>nsiMing  in  the  oxidation  and  destruction  of  the 
organic  substance,  is  not  sufficient  to  render  the  water  of  such  streams  fit  for  <lom«'Stic 
use  near  the  places  where  the  sewage  of  large  populations,  or  the  drainage  of  factories,  is 
diHcliargrd  into  fhrm  (p.  1018).   Water  containing  *!  grm.  per  litre  of  organic  substance 
would  perhaps  generally  be  unfit  for  drinking,  nnd  it  may  be  assumed  that  wholesome 
water  of  good  quality  rarely  contains  more  than  from  'OOS  to  '01  grm.  per  litre.    How- 
ever,  in  districts  where  peat   abounds,  water  which  is  sensibly  coloured  by  dinsolved 
organic  substance  is  commonlvused  for  drinking  without  any  deleterious  results.    Pro- 
bably the  nature  of  the  organic  substance  in  water,  its  exintenco  in  certain  conditions, 
or  its  capability  of  promoting  the  development  of  organic  germs,  may  be  of  much  greater 
importance  as  regards  the  wholesomeness  of  the  water,  than  the  actual  amount  of  it. 
Substances  resulting  from  the  partial  decomposition  of  eflfete  vegetal  or  animal  re- 
fuse are  most  likely  to  be  directly  prejudicial,  and  also  to  favour  the  development  of 
organic  germs,  especially  if  they  are  nitrogenous,  and  in  a  state  of  putrefactive  change 
(Fkrhkittation  and  PuTBXFACnoif,  ii.  623  et  seq  ;  Inftsoria,  iii.  269).     This  pro- 
Imbility  is  at  least  consistent  with  the  known  eftii»cts  of  such  substances,  and  with  the 
still  unexplained  connection  which  is  believed  by  some  authorities  to  exist  between  the 
prevalence  of  epidemic  disease  and  the  contamination  of  water,  used  for  domestic  par- 
j'oses,  with  sewage  or  some  similar  impurity.    (Frankland,  On  the  Wattr  Supptp 
of  the  MctrojxdiSt  Proc.  Roy.  Inst,  of  Great  Britain.-^Simon,  Report  of  the  Mixlical 
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CHDe  sugar 

30 

•064 

•162 

33-7 

•051 

•111 

Starch 

30 

•143 

•302 

36-6 

•lU 

•241 

Gelatin 

30 

•792 

1-836 

67-6 

•634 

1-469 

Creatin      . 

30 

•080 

•172 

66-9 

•064 

•138 

Alcohol 

30 

•093 

•164 

62-6 

•074 

•131 

Urea . 

30 

•092 

•119 

640 

•074 

•095 

Hippuric  acid    . 
Oxalic  acid 

30 

•328 

•600 

690 

•262 

•480 

30 

3-747 

3-760 

8-8 

29*98 

30-()0 

Sodic  nitrite 

30 

6-910 

6-913 

•     . 

66-28 

55*30 

of  organic  substance  in  the  state  most  likely  to  l>e  prejudicial,  is  not  even  limited  bj 
the  fact  that  the  presence  of  nitrites  in  water  would  determine  the  reduction  in  the 
same  way  as  organic  substance:  for  water  containing  nitrites  is  very  likely  to  be  obj<>c- 
tionable  (see  under),  and  moreover  allowance  can  always  be  made  for  the  reduction  doe 
to  nitrites ;  so  that  whenever  water  causes  a  considerable  reduction  of  permanganate, 
there  is  at  least  sufficient  ground  for  suspecting  it  to  be  unwholesome.  Hence  Piofe»- 
sor  Miller  and  others  consider  that  the  permanganate  test  may  render  good  service  as 
an  accessory  t<-Bt,  in  assisting  the  judgment  as  to  the  salubrity  of  water,  though  it  is 
fallacious  as  a  substitute  for  the  method  of  incineration  fur  estimating  the  amount  uf 
organic  substance  in  water.  (Miller,  Joum.  Chem.  Soc.  xviii.  117. — R.  A.  Smith. 
Estimatiofi  of  the  Organic  Matter  in  Water  with  reference  e^peciaily  to  Sanitary  Pttr- 
poses,  London,  1866.) 

The  idea  that  the  deleterious  influence  of  organic  substance  on  the  character  of  vattr 
is  confined  to  that  portion  of  it  which  is  nitrogenous  and  therefore  liable  to  putrefiie* 
tion,  naturally  led  to  tJie  attempt  to  determine  the  character  of  water  by  estimating 
the  amount  of  nitrogen  in  the  organic  substance  present,  on  the  principle  of  its  dele- 
terious influence  being  proportionate  to  the  amount  of  nitrogen.  (Hofmann  and 
lily  th,  Jteport  on  the  Chemical  Quality  of  the  Supply  of  Water  to  the  Metropolis,  1866, 
p.  6.) 

A  method  of  examining  water  has  recently  been  devisrd  by  Profectsor  Frank- 
land  VLyoii  this  basis.  The  estimation,  made  in  the  manner  descnbed  under  the  head 
of  "Watkr,  Analysis  of,  consists  of: 

1 .  The  amount  of  organic  carbon  in  the  dissolved  contents. 

2.  The  total  amount  of  combined  nitrogen. 

3.  The  amount  of  nitrogen  existing  as  ammonia,  nitrites,  and  nitrates. 

The  difference  between  the  last  two  data  gives  the  amount  of  nitrogen  existing  in 
the  organic  substance  of  the  water,  and  that  is  taken  to  be  the  measure  of  the  quality 
of  the  water,  so  far  as  organic  substance  is  concerned.  One  of  the  objections  to  this 
methotl  appears  to  l>e  the  al)«ence  of  any  distinction  either  betwe»'n  nitrogenous 
orgauic  substances  which  are  deleterious,  or  may  become  so  l»y  putrefaction,  and  othrn 
of  a  perfectly  harmlefis  nature,  or  between  a  putrescent  substance  and  one  which  is 
only  capable  of  becoming  so. 

The  liability  of  putrescent  organic  substance  in  water  to  be  decomposed,  and  evolve 
its  nitrogen  as  ammonia  during  evaporation  to  dryness,  has  been  adopted  by  Prtjfe^sor 
Wanklyn,  in  conjunction  with  Chapman  and  Smith,  as  a  means.of  ascerttiini.ig  the 
character  of  water,  and  of  estimating  the  amount  of  deleterious  organic  8ub»tam« 
it  contains.  The  decomponitionof  the  organic  substance  is  promoted  by  addinf**  cntutie 
alkali  and  ix>taHHic  i>ermang>innte  to  the  water,  and  thi*  quantity  of  ammonia  ^iren  off 
on  distillation  is  then  taken  as  a  measure  of  the  deleterious  organic  substance  in  the 
water.     (Chem.  Hoc.  J.  [2]  v.  446,  691.) 

The  water  of  rivers  and  wells  bometimes  contains  ammoniacal  salts,  nitrites,  and 
nitrates.  Whether  these  substance's  are  in  thems^'lve**  injurious  or  not,  tht»ir  presence 
in  water  may  frequently  be  regarded  as  indicative  either  of  sewage  contamination,  or  of 
some  similar  objectionable  admixture  with  the  wattT,  since  they  are  the  prodm-ts  of  the 
decomposition  of  nitrogenous  organic  materials  (8e«>  £ukmacavsih,  ii.  497  ;  Nitbatw, 
iv.  83,  90,  99).  If  that  decom]>osition  is  incomplete,  they  may  bo  accom|)ani«d  by 
organic  substance  in  the  most  objectionable  state.  The  presence  of  thew'  siibstiuices  ia 
water  is,  therefore,  always  calculated  to  throw  suspicion  on  its  quality.  Many  of  the 
shallow  wells  situated  in  towns,  and  very  often  near  a  churi'hyanl,  yifld  w.tter 
of  this  kind  which,  singularly  enongh,  presents  charactt-rs  both  attractive  and  ngni- 
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Tolume  (pp.  1014,  1017) ;  and  as  tliis  ratio  is  liable  to  be  altered  by  the  decomposition 
of  organic  substance  in  the  water  (p.  1018),  the  estimation  of  the  gaseous  contents  of 
-water  will  often  serve,  in  coi^unction  with  the  permanganate  test,  to  indicate  the  actual 
cliaracter  of  the  water,  as  regards  organic  substance.  Wheneyer  the  oxygen  amounts 
to  less  than  one-third  of  the  nitrogen,  and  the  water  also  causes  a  considerable  reduc- 
tion  of  permanganate,  the  presence  of  decomposing  oi^nic  substance  is  probable. 
(Miller,  loc.  eU.  ]a.  124.) 

But  water  whicn  is  in  a  normal  state  of  aeration,  and  does  not  cause  any  great  re- 
duction of  permanganate,  may  still  contain  organic  substance,  either  dissolred  or 
suspended,  which  is  susceptible  of  putrefaction,  and  therefore  capable  of  rendering  the 
water  unwholesome (H of m an n  and  Bly  th,  loe.  cit.  p.  6).  Such  water,  under  the  in- 
fluence of  warmth  and  light,  often  becomes  putrid,  and  evolres  stinking  gasM,  or 
presents  a  copious  development  of  oonfervse  and  other  minute  organisms.  The  capa- 
bility of  water  to  remain  for  some  days  at  a  temperature  of  about  22^  C,  witboot 
undei^oing  such  change,  is  therefore  another  important  point  to  be  obsenred  in  refereoot 
to  the  question  of  wholesomeness.    ( A  n  g u  s  S  m  i  t  h,  k>c.  ci/.  p.  1 .) 

Hi  ver- water  is  frequently  so  turbid,  irom  the  presence  of  suspended  organic  sub- 
stance, as  to  be  unfit  for  use  without  undergoing  filtration.  This  is  generally  effected 
on  the  laige  scale^sand,  gravel,  and  similar  materials  being  used  for  the  purpose.  Bf 
this  means  the  amount  of  organic  substance  is  to  some  extent  reduced,  and  eren  the 
saline  contents  appear  to  be  partially  abstracted. 

The  most  effectual  method  of  purifying  water  appears  to  be  that  proposed  by  Dr. 
Clark,  of  adding  lime-water  in  such  proportion  as  to  combine  with  the  tree  cartooic 
anhydride,  and  thus  precipitate  great  part  of  the  calcic  carbonate.  By  this  means  the 
water  is  rendered  soft,  and  a  considerable  portion  of  the  organic  substance  is  remored. 
Unfortunately,  the  removal  of  the  carbonic  anhydride  renders  the  water  flat  and  unpa- 
latable, and  the  vast  mass  of  calcic  carbonate  produced  constitutes  a  serious  difficniry. 
The  addition  of  alum  or  aluminic  chloride  in  small  amount  to  the  water  has  also  been 
proposed  for  separating  calcic  carbonate  and  suspended  organic  substance  by  mtmnnoi 
the  basic  aluminium  salt  produced^and  then  adding  sodic  carbonate  to  ensure  the  separa- 
tion of  all  the  alumina.  The  addition  of  sodic  silicate  to  water  intended  for  the  use  of 
factories  has  been  proposed  by  Buff'and  Versmann,  so  as  to  precipitate  the  calcium  and 
magnesium  as  silicates,  and  render  the  water  soft 

£^a-water  is  rendered  fit  for  drinking  on  board  vessels  by  distillation,  and  afterwards 
forcing  air  into  the  condensed  water.  (See  Ure*8  Dictionary  of  Arts ^  Manufactwrt$,  and 
Mines,  iii.  986.)  B.  H.  P. 

WATSS  AWAliTSX8#  The  examination  of  natural  water  is  most  frequently 
requiroii  fur  the  purpose  of  ascertaining  its  fitnens  for  economic  and  technical  use,  some- 
times also  for  ascertaining  the  character  of  mineral  water  employed  for  medicinal 
purposes.  &c.  The  mode  of  operating  is  much  the  same  in  both  cases,  so  far  as  relates 
to  the  estimation  of  the  various  constituents  of  the  dissolved  contents;  but,  in  i«fer> 
ence  to  water  int<'nded  for  ordinary  use,  several  special  methods  of  examination  an 
adopted  for  estimating  the  degree  of  hardness,  amount  and  nature  of  the  organic  sub- 
stance, &c.,  which  ore  not  employed  in  the  analysis  of  mineral  water. 

The  specific  gravity  of  water  is  best  ascertained  by  filling  a  flusk  of  known  capacity 
(100  to  300  c.c),  and  furnished  with  a  long  tubulair  stopper,  with  the  water  at  a  tem- 
perature of  16-6"  C,  and  weighing.  The  specific  gravity  of  fresh  water  genenUIf 
diffors  so  little  from  that  of  pure  water  that  its  determination  is  not  a  matter  of  moca 
in){M)rtance. 

The  colour  of  water  should  be  observed  by  filling  a  flat-bottomed  glass  tube  with  the 
water,  and  looking  down  through  it  at  a  white  object,  beside  a  simi&r  tube  filled  with 
pure  water.  The  presence  of  suspended  substance  and  minute  vegetal  or  animal  oi]gv 
nisms  is  also  to  be  noted,  as  well  as  the  smell  or  taste,  both  cold  and  when  slightly 
warmed. 

Water  is  often  either  alkaline  or  acid,  and  to  ascertain  this  it  should  be  tested  with 
very  delicate  litmus-paper,  observing  whether  any  change  of  colour  produced  on  it, 
disappears  or  not  when  the  paper  is  afterwards  exposed  to  the  air.  In  such  caaee  the 
reaction  may  be  due  to  the  presence  of  carbonic  anhydride  or  of  ammonia.  Water 
intended  for  analysis  should  always  be  put  at  once  into  stoppered  glass  bottles  when 
collected,  and  these  should  be  quite  filled,  and  distinctly  labelled. 

Ettunation  of  Total  diMolved  Solid  Contents.— Tim  is  offocrtod  by  evaporating  a  knows 
volume  of  the  water — from  half  a  litre  to  I  or  2  litres— nearly* to  dryness  in  a  pla- 
tinum-basin, which  need  not  bo  Urge  enough  to  contain  the  whole  quantity  at  onc^,  but 
can  be  filled  up  from  time  to  time.  For  tliis  purjx^Bc  the  water  should  bo  perfectly 
clear ;  but  sometimes  the  separation  of  suspended  suljNtance  cannot  well  be  eflbetrd 
otherwise  than  by  leaving  the  water  for  a  long  time  to  settle,  and  then  it  is  best  lo 
evaporate  the  water  as  it  is.    Care  must  be  taken  to  avoid  any  access  of  dust  or  fumeSi 
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WheD  the  wst«T  coDtainB  anj  CDniidarable  Bmoiuit  of  mtgDesie  Mils,  tlia  indieatinM 
of  ihe  BOKp-tert  do  not  represpnt  ths  full  degree  of  hardDfas.  It  is  liieTefore  ftlwuj* 
Dec>>8Bai7,  after  Applpng  ths  Bo»p-teBt,  to  aacertaiii  vhether  nmgDcmc  aalla  are  prawcil, 
oc  thvir  preMiin  ID117  be  recognised  by  the  coidj  appeances  of  th*  wat«r  ahrr  tbt 
ext«"meDt.    (Campbell,  Phil.  Hsg,  nxTii.  171.)      , 

After  eitimating  the  total  hardneu  of  water  at  abgve,  ■  knawii  qtianti^  of  tbe 
watfr should  be  boiled  form  hour  in  a  glasa  fliuk  with  a  tuba  thne  or  four  foet  long, 
resting  OB  its  neck  bja  bulb  blown  at  the  lover  end,  la  serre  for  condeiuing  the  wat«^ 
Tupour.  When  the  nater  is  cold,  some  pore  inter  is  added,  to  make  op  exactly  for  tin 
loss  by  evaporation,  and  the  hardneae  is  again  estimated  bj  the  aoap-t«Bt.  It  is  gtoe- 
rally  found  to  be  reduced,  after  the  water  has  been  boiled,  in  consequence  of  tie  pi«ei{>- 
tBtioa  of  calcic  and  magnesic  caibonates,  originally  held  in  solntion  bj  earboine 
anhydride. 

Ettimaiioi 
formed  in  the  If         .  ,  „  .  . 

100-',  and  weighed;  any  portion  of  the  precipitate  adharing  to  the  flask  mi^be  wrisbri 
by  drying  the  flask,  weighing  it,  and  deducting  the  weight  of  the  flask.  The  whole  of 
the  precipitate  is  then  dissolved  by  hydrochloric  acid,  and  the  calcium  and  the  magos- 
linm  seperaled  and  estimated  (iii.  763;  i.  717).  This  precipitate  may  contain  ino. 
mnngaaffie,  phosphoric  acid,  silica,  and  sulphuric  acid,  which  should  b«  tested  forud, 
if  requisite,  estimated.  Sometimes,  as  iu  the  analyais  of  fresh  water,  it  is  desiiahls 
to  evaporate  the  water  to  one-half  or  one-fourth,  before  collsctjiig  the  precipitate^ 

EtHmation  of  Ihe  Oiutoia  Contenlt, — For  this  purpose  a  globular  glaaa   fluk  A 
(^.  823)  of  abouthalfalitreDralitre capacity,  aikdtiaTing  aatrongpieceof  Tnlouiiiid 
eaoatchoDc  tobe  B  tightly 
F^.  82S.  fitted  to  its  neck,  is  quits 

ailed  with  the  wsler  to 
be  examined,  And  tkn 
doaed  bv  meeoa  of  a  biui 
■crew- damp  C,  whitk 
presaea  the  ridea  of  ths 
tiib«  eloas  together.  Tks 
other  end  of  the  ooal- 
dKno  tube  iatheu tightly 
connicted  with  ths  bud 
slaas  tube  D  E  F.baTins  1 
bulb  at  F.  Thia  bulb  is 
panlj  filled  with  wabr 
wbieh  ia  made  to  bod 
briskly,  while  the  cliaf 
C  is  still  dosed,  and  tte 
deliveij  end  of  the  tabr 
D  dips  ioto  mfTcvy,  la 
as  to  drive  the  air  ont  i' 
the  tube.  AAertbebod- 
ing  has  been  eooligwd 
for  10  or  Id  minnles^  udl 

the  jar  U  ia  UM  with 

mercoiT,  and  placed  oflf 

the  de&Teij  end  of  tki 

tube.      Hie  damp  C  a 

then  remond.  and  hnt 

applied  to  the   flaak  i, 

until  the  wuarbaJla.  TV 

boiling  must  ba  auad^T 

kept  np  for  fnllj  an  ham, 

and  at  last  the  water  is  made  to  boil  briskly  fur  a  few  minutM,  ao  aa  to  tU  (kt 

deliTsry-tube  with  steam,  and  drive  all  Ihe  gas  discharged  from  the  water  oat  of  tki 

tube  int«  the  jar  M.    The  gas  is  thru  meanved  and  analysed  in  the  oaoal  nr. 

(AjULISIS  of  OiBMB,  1.  368.) 

EitiMBlion  of  Organie  8«Mimer.—Tor  the  resKons  already  staled  (at  p.  1M»),  tW 
loss  of  weight,  canaed  by  i^iting  the  residne  left  on  evaporating  water  to  drjBMV 
afforda  no  adequate  indication  of  the  amount  of  organic  subslanre;  hat  it  is  often  mr- 
fnltoobaerTethesfllBetof  heat  apoD  this  residue  when  igniting  it  (p.  103T),  la  a  lailM 
of  jodging  aatoth*  atnotmtand  naturaof  the  organic  lubslance  pteaeiit,  nod  sImmM 
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L  A  litre  of  the  water  is  mixed  with  about  2  ^rma,  sodic  carbonate  in  a  retort,  and 
rapidly  distilled,  until  the  distillate,  collected  m  separate  fractions  of  100  c.  c^  no 
longer  gives  any  indication  of  ammonia  with  Nessler's  test.  With  ordinarily  good 
water,  this  generally  happens  when  about  300  c.  c.  has  passed  over,  and  then  the 
distillation  is  stopped.  The  quantity  of  ammonia  in  the  first  100  cc.  maybe  esti- 
mated as  ammonia  actually  present  in  the  water,  and  that  in  the  remainder  of  the 
distillate  as  representing  urea,  or  the  whole  may  be  estimated  together  (see  under). 
The  decomposition  of  urea  by  boiling  with  sodic  carbonate  appears  to  depend  yery 
much  on  the  presence  of  such  impurities  as  generally  accompany  it  in  urine  or  sewage; 
pure  urea  is  yery  slowly  and  imperfectly  decomposed  {ice.  cU.  p.  594). 

II.  The  portion  of  the  water  remaining  in  the  retort  is  then  mixed  with  20  ce.  of 
caustic  potash  solution — equal  parts  potash  and  water — and  again  distilled.  When 
300  c.  c  has  passed  over,  the  distillation  is  stopped,  and  the  ammonia  in  the  distillate 
estimated  by  the  Nessler  test. 

III.  About  '3  grms.  of  crystallised  potassic  permanganate  is  then  added  to  the 
contents  of  the  retort,  and,  if  requisite,  100  or  200  cc.  of  pure  water,  the  distillation 
recommenced,  and  continued  untU  300  cc  has  come  over.  The  ammonia  in  this  dis- 
tillate is  estimated  as  before,  and  taken,  together  with  that  in  the  second  distillate,  as 
representing  about  two-thirds  of  the  nitrogen  in  the  albuminoid  substance  present  in 
the  litre  of  water. 

Experiments  made  with  solutions  containing  from  7  to  42  pts.  fresh  white  of  egg^ 
or  from  1  to  6  pts.  of  dry  white  of  egg  in  1,000,000  pts.  of  pure  water,  gave,  by  this 
treatment,  quantities  of  ammonia  which  corresponded  with  the  quantities  of  white  of 
egg  to  within  5  per  cent.,  the  arerage  absolute  error  being  '000004  grm.  on  the 
calculated  quantity  of  ammonia  obtainable. 

Estimation  of  Ammonia. — A  litre  of  the  water  is  mixed  with  2  grms.  sodic  carbonate, 
and  distilled  until  100  or  200  cc.  has  passed  over,  and  the  ammonia  estimated  in  the 
distillate  by  Nessler's  method. 

The  test-liquid  for  this  purpose  is  prepared  by  mixing  a  concentrated  solution  of 
mercuric  chloride  with  a  solution  of  potassic  iodide  in  4  parts  of  water,  until  the 
mercuric  iodide  formed  ceases  to  be  dissolved  on  stirring  the  mixture ;  then  adding 
potash-solution — equal  parts  potash  and  water — ^until  the  potash  amoonts  to  six 
times  as  much  as  the  mercuric  chloride,  and  diluting  with  water  until  the  liauid  coo- 
tains  about  25  grammes  per  litre  of  mercuric  chloride.  After  a  day  or  two,  tne  liquid 
becomes  clear  and  colourless,  and  it  is  then  decanted  off  for  use. 

About  3  cc  of  this  test-liouid  is  added  to  one-half  of  the  distillate  from  the  water, 
in  a  tali  narrow  elass  jar,  and  if  it  contains  no  ammonia  no  alteration  of  colour  is 
produced ;  but  if  ammonia  is  present,  to  the  extent  of  more  than  *002  per  litre,  the 
water  acquires  a  yellowish  tinge,  which  is  deeper  in  proportion  to  the  quantity  of  am- 
monia, and  when  this  is  large  a  precipitate  is  produced. 

The  quantity  of  ammonia  in  the  distillate  may  be  estimated,  approximately,  by  the 
depth  of  colour,  and  afterwards  more  accurately  by  comparing  the  depth  of  colour 
produced  in  the  other  half  of  the  distillate  with  that  produced  in  an  eqwd  ffoiume  of  a 
solution  containing  a  known  Quantity  of  ammonia,  as  nearly  as  can  be  judged  equal  to 
that  in  the  distillate,  on  adding  to  each  eqwd  quantitie»  of  the  test-solution,  and 
repeating  this  comparative  observation  with  different  quantities  of  ammonia,  until  the 
tint  of  the  standard  solution  coincides  with  that  of  the  distillate.  For  this  purpose  a 
standard  solution  of  ammonic  chloride,  containing  '317  grm.  (-■  *1  grm.  NH')  per 
litre,  is  prepared,  and  kept  for  making  the  solutions  for  comparison,  by  mi-ring  % 
measured  quantity  with  pure  water  to  the  volume  of  100  cc 

By  this  means  yerj  small  quantities  of  ammonia  may  be  estimated  to  within  about 
5  p«>r  cent,  of  the  actual  quantity.  When  the  amount  of  ammonia  in  the  water 
exceeds  *001  grm.  per  litre,  the  distillate  must  be  diluted  with  water  frve  from  am- 
monia before  applying  the  test ;  or  the  ammonia  may  be  estimated  with  a  standanl 
solution  of  sulphuric  acid  (i.  190,  261). 

Estimation  of  Nitrates  and  Nitnt€s,^The  presence  of  nitrates  or  nitrites  in  water 
may  be  indicated  by  the  deflagration  of  the  residue  left  on  evaporation,  when  it  is 
ignited ;  or  one  of  the  tests  for  nitric  or  nitrous  acids  (described  in  iv.  83,  86) 
may  be  applied  to  a  portion  of  the  water  evaporated  to  a  tenth  of  its  volume,  and 
filtered.  The  amount  of  nitrous  acid  may  be  approximately  estimated  by  means  of 
permanganate-solution,  especially  if  there  is  no  organic  substance  present^  or  if  it  can 
be  separated  by  mixinff  the  water,  before  evaporating  it,  with  a  few  diope  of  aluminio 
chloride,  and  then  with  sodic  carbonate,  and  filtering.  Each  cubic  centimetre  of  the 
permangMiate  decolorised  by  nitrates,  represents  '0002876  grm.  NO*.  The  rmlU 
thus  obtained  will  always  be  somewhat  uncertain. 

Proftssor  Frankland  estimates  the  total  amount  of  nitrogen  present  in  the  form  of 
nitiatet  and  nitrites  by  a  method  based  on  the  reduction  of  the  acids  by  merearj 
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The  portion  of  the  saline  residue  which,  is  not  dissolved  by  alcohol,  may  be  nsed  for 
estimating  silica,  almninium,  manganese,  barium,  strontium,  phosphoric  acid,  lithium, 
fluorine,  &c.,  by  the  methods  described  under  these  several  heads.  Csesium  and  rubidium 
are  tested  for,  and  estimated,  as  described  in  i.  1113,  and  at  p.  130  of  this  volume. 

Boric  acid  is  tested  for  by  evaporating  a  quantity  of  the  water  to  a  small  bulk  with 
sodic  carbonate  in  excess,  filtering,  and  nearly  saturating  the  filtrate  with  hydrochloric 
acid,  then  evaporating  almost  to  dryness,  separating  sodic  chloride  by  filtration,  and 
testing  the  filtrate  as  described  in  1.  639. 

Estimation  of  Silica. — ^The  residue  left  after  ignition  of  the  solid  contents  (p.  1027), 
is  moistened  with  water,  mixed  with  excess  of  hydrochloric  acid,  and  the  silica  sepa- 
rated as  described  at  p.  245.  Sometimes  it  is  preferable  to  mix  a  litre  or  more  of  the 
water  with  a  moderate  excess  of  hydrochloric  add,  and  evaporate  it  to  dryness  for 
the  estimation  of  silica. 

Estimation  of  Aluminium,  Iron,  Manganese,  and  Phosphoric  Acid, — The  filtrate 
from  the  silica  is  evaporated  to  a  small  bulk  in  a  beaker;  then  mixed  with  ammonic 
chloride,  a  slight  excess  of  ammonia  free  from  carbonate,  and  some  ammonic  sul- 
phide ;  and  kept  for  some  hours  at  a  gentle  heat  in  a  well  covered  beaker.  The  pre- 
cipitate is  collected  on  a  filter,  and  washed,  out  of  contact  with  air,  with  water  con- 
taining some  ammonic  sulphide.  The  filtrate  is  set  aside,  and  the  precipitate,  which 
may  contain  alumina,  ferrous  and  manganous  sulphides,  and  phosphoric  acid,  is  either 
dried,  ignited,  and  weighed,  if  the  quantity  is  veiy  small ;  or  it  is  dissolved  in  hy- 
drochloric add,  and  the  solution  is  boUed  with  a  few  drops  of  nitric  acid  to  oxidise  the 
sulphides.  When  manganese  is  present  in  any  considerable  amount,  the  solution  is 
nearly  neutralised  wi£h  sodic  carbonate,  mixed  with  baiytic  carbonate  in  excess, 
and  left  for  some  hours  in  the  cold.  The  predpitate  is  collected  on  a  filter  and  washed, 
dissolved  in  hydrochloric  add,  the  barium  separated  with  sulphuric  acid,  and  the 
aluminium  and  iron  separated  as  directed  under  Inoir  (iii.  387).  The  filtrate  from 
the  precipitate  produced  ov  barium-carbonate  will  contain  the  manganese :  the  barium  is 
separated  by  sulphuric  acid ;  manganese  precipitated  by  ammonia  a^  ammonic  sulphide; 
and  the  washed  predpitate  is  dried,  igmted,  and  weighed.  The  filtrate  should  be  tested 
for  calcium  and  magnesium.  When  manganese  is  absent,  or  there  is  only  a  minute 
trace,  the  solution  of  ferrous  sulphide  may  oe  at  once  treated  with  potash  to  separate 
iron  and  aluminium. 

Estimation  of  Calcium  and  Magnesium, — ^The  filtrate  f^m  alumina  and  the  sul- 

S hides  is  mixed  with  a  slight  excess  of  anmionic  oxalate,  and  the  caldum  estimated  as 
irected  in  i.  717.    Magnesium  is  separated  from  the  alkaline  salts  with  mexcnric 
oxide  as  directed  in  iii.  753. 

Estimation  of  Sodium  and  Potassium. — The  filtrate  from  the  magnesia  is  evaporated 
to  dryness,  and  the  residue  weighed,  then  dissolved  in  water,  and  tested  for  sulphuric 
acid  bv  adding  to  a  portion  of  the  liquid  a  few  drops  of  alcoholic  solution  of  strontie 
chloride,  and  some  alcohol.  If  n*  predpitate  appears,  sulphuric  acid  is  not  present, 
and  potassium  is  then  separated  and  estimated  with  platinic  chloride  (iv.  699).  If  sul- 
phuric acid  is  present,  add  some  alcoholic  solution  of  strontie  chloride  and  some  alcohol 
to  the  solution,  and  let  it  stand  for  some  time ,  then  collect  the  strontie  sulphate  on  a 
filter,  wash  with  weak  alcohol,  dry,  ignite,  and  weigh.  Potassium  is  then  estimated  in 
the  filtrate  with  platinic  chloride.  B^  deducting  from  the  total  weight  of  the  alkaline 
salts  the  weiffhts  of  the  potassic  chlonde  and  of  t^e  sodic  sulphate  corresponding  to  the 
sulphuric  acid  obtained  as  strontie  sulphate,  the  quantity  of  sodic  chloride  is  ascer- 
tained, and  the  total  quantity  of  sodium  may  be  calculated  from  these  data.  (See 
Fresenius,  Quantitative  Analysis.) 

Potassium  and  sodium  may  also  be  estimated  by  evaporating  a  separate  portion  of 
the  water  to  a  small  bulk,  predpitating  sulphuric  add  with  ^ric  chloride,  and  mag- 
nesia with  baryta-water,  filtering,  and  then  predpitating  the  excess  of  caldum  and 
barium  by  ammonic  carbonate,  again  filtering,  and  evaporating  the  filtrate  to  dryness. 
The  residue  is  ignited,  and  dissolved  in  water ;  and  when  the  caldum  and  magnesium 
are  perfectly  separated,  the  potassium  is  estimated  by  means  of  platinic  chloride. 

Statement  qfthe  Results  of  Water  Analyses. — In  stating  the  results  obtained  in  the 
analysis  of  the  contents  of  fresh  or  mineral- water,  it  has  been  customary  to  allocate 
the  several  add  and  basic  substances  in  various  forms  of  combination,  and,  in  a  man- 
ner which  is  very  much  matter  of  individual  fancy,  to  assume  the  existence  in  the 
water  of  certain  of  the  salts  which  those  substances  are  capable  of  forming.  It  may 
sometimes  happen,  therefore,  that  the  statement  of  the  same  analytical  results  obtained 
by  two  chemists  in  the  analjrsis  of  any  particular  water  will,  in  this  way,  present,  at 
first  sight,  an  apparent  diversity,  whicn  would  be  perplexing  to  those  wno  do  not 
nnderstond  the  reason  of  the  difiTerence.  The  possibility  of  comparing  the  results  of 
water-analyses  is  one  of  the  most  important  requisites  for  all  practical  purposes  for 
which  they  are  usefiiL    For  such  purposes  it  is  of  much  less  consequence  whether 
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substitntion-prodact,  so  that  when  candles  made  of  wax  thus  bleached  are  homed,  they 
give  off  irritating  Tapoors  of  hydrochloric  add.  According  to  A.  Smith,  wax  may  alao 
be  bleached  by  means  of  potassic  bichromate  and  sulphuric  acid. 

Bleach^  wax  contains,  according  to  Lewy's  analysis,  80*2  per  cent  carbon,  1 3*4 
hydrogen,  and  6*4  oxygen.  It  is  a  mixture  of  three  different  substances,  which  may  be 
separated  from  one  another  by  alcohol,  viz. — 1.  Myricin  (iii.  1069),  insoluble  in 
boiling  alcohol,  and  consisting   chiefly   of   myricic  pidmitate,  C"H'*(C*H**)0*; — 

2.  Cerotic  acid,  C*^^0'  (i.  836,  formerly  cfJled  cerin,  when  obtained  only  in  an 
impure  state),  which  is  dissolved  bv  boiling  alcohol,  but  crystallises  out  on  cooling ; — 

3.  Cerolein  (i.  836),  which  remains  dissolved  in  the  cold  alcoholic  liquid. 
Beeswax  is  decomposed  by  dry  distillation,  giving  off,  first,  a  small  quantity  of 

water  containing  acetic  acid,  and,  according  to  Polex,  propionic  add;  then  a  product 
which  forms,  on  cooling,  a  white  buttery  mass,  called  wax-butter,  or  Butyrum  cerm, 
afterwards  a  more  and  more  liquid  oil,  called  wax -oil,  still  retaining  a  small  quantity 
of  solid  matter ;  and  finally  leaves  a  carbonaceous  mass.  No  acrolein  is  given  off,  but 
permanent  gases,  chiefly  carbonic  anhydride  and  ethylene,  are  evolved  during  the  whole 
process  of  distillation.    (Ettling.) 

Wax-butter,  purifiea  by  pressure  from  adhering  oil,  is  mainly  composed  of  BoUd 
hydrocarbons,  cerotene,  C'^H*^,  and  melissene,  C^H**,  together  with  palmitic 
acid.  The  liquid  oil,  when  purified  by  rectification,  consists  chiefly  of  hydrocarbons, 
C*H*- ;  it  has  a  specific  gravity  of  0*750  at  1 1^,  and  boils  at  137^. 

Wax,  when  distilled  with  lime,  yields  nearly  the  same  products  as  when  distilled 
alone.  It  is  but  slowly  and  incompletely  saponified  by  potash-le^,  which  unites,  in  the 
first  instance,  with  the  cerotic  add ;  after  prolonged  boiling,  a  kind  of  soap  is  formed, 
which  fioats  on  water,  and,  when  neutralised  wiui  an  acid,  yields  myricin. 

Nitric  acid  acts  upon  wax,  even  at  a  gpntle  heat,  converting  it  into  an  oily  mass, 
which  contains  pimelic,  adipic,  and  lipic  acids,  and  bv  proloi^ed  boiling  with  nitric 
add,  yields  succinic  add.— Strong  sulphuric  add  dissolves  wax  at  60^,  the  masii  solidi- 
fying as  it  cools ;  at  higher  temperatures,  carbonisation  takes  place. — CSkiorine  decom- 
poses melted  wax,  forming  chlorinated  products. 


2.  Vegetable  Wax, 

Wax  is  very  widely  diffused  in  the  vegetable  kingdom,  occurring  firequently  as  a 
coating  on  various  parts  of  plants — as  stuks,  leaves,  fruits,  &c. 

Several  of  the  more  important  plant-waxes  have  been  already  described  in  their 
alphabetical  places — viz.,  camauba-wax  (i.  805),  cork-wax  or  cerin  (i.  837)t  pine-wax 
or  ceropic  acid  (i.  836),  sugarcane-wax  or  cerosin  (i.  836),  myrtle-wax  or  myrica- 
tallow  (iii.  1060),  ocuba-wax  (iv.  178),  and  palm- wax  (iv.  337). 

Chinese  wax,  or  Pela,  also  called  vegetable  ifuect-wax,  or  vegetable  apemuieeii,  is 
generally  supposed  to  be  produced  on  certain  trees  by  the  puncture  of  a  species  of 
CoccuB.  It  envelopes  the  branches  as  a  soft  white  coating,  about  aline  in  thicknes,  and 
is  separated  by  fusion  in  boiling  water.  It  consists  almost  wholly  of  cerotylic  cerotata 
C*^'*(C*'H**)0',  contaminated  only  with  small  quantities  of  &tty  substances.  Its 
physical  properties  and  most  of  its  reactions  have  been  alreadv  described  (i.  837). 
When  it  is  boiled  for  some  time  with  4  or  6  vols,  of  nitric  add,  of  spedfic  g^vity 
1*40,  a  liquid  distils  over,  containing  butyric,  oenanthylic,  and  capirlic  acids,  and  in 
the  retort  there  remains  a  liquid  containing  anchoic  orlepargylicacia  (L  289),  together 
with  small  quantities  of  pimelic  and  suberic  acids. 

Cowtree-wax,  obtained  by  evaporation  from  the  milk  of  the  cow-tree  (Palo  is 
Vaca,  Brosimum  Galactodendrom),  is  a  waxy  substance,  which  softens  at  40^,  melts  at 
60°,  is  insoluble  in  cold  alcohol,  but  dissolves  completelv  in  boiling  alcohol,  and  is 
saponified  bv  alkalis.  According  to  Berzelius,  it  resembles  beeswax  more  closely 
than  any  other  kind  of  wax.  Essentially  different  from  this  wax  are  the  resinous 
bodies  and  caoutchouc-like  substance  which  Marchoud  obtained  from  the  milk  of  the 
cow-tree.    (J.  pr.  Chem.  xxi.  43.) 

Cuba-wax  is  a  yellowish-brown  wax,  of  unknown  origin,  imported  from  Cuba.  It 
IS  softer  than^  bec«-wax,  dissolves  in  warm  ether  and  turpentine-oil,  and  almost 
wholly  in  boiling  alcohol  According  to  Brandes,  it  contains  76*5  per  cent,  cerin, 
10*5  myridn,  9*2  balsamic  resin,  and  3*5  water. 

Japan-wax,  also  called  tree-wax,  and  improperly  American  wax^  is  obtained  in  the 
East  Indies  from  the  root  of  RKum  tuceedanea.  It  is  yellowish -white,  of  about  the 
consistence  of  bleached  beeswax,  but  somewhat  softer  and  more  friable ;  insoluble  in 
water,  slightly  soluble  in  ab«olnte  alcohol  at  ordinary  temperatures,  completely  at  the 
boiling  heat,  soluble  in  ether  and  in  volatile  and  fixed  oils.    Different  samples' melt  at 
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pigment,  but  appe&rs  to  hare  been  nsed  in  ancient  times  much  more  extensively  than 
at  present 

Sjlvanite,  containing  lead  and  antimony  (p.  647). 

Sulphate  of  zinc  (p.  617). 

An  arsenide  of  copper  from  Houghton  County,  Michigan ; 
massive,  reddish-white ;  of  specific  gravity  8*408.  Melts  easily  before  the  blowpipe, 
giving  off  arsenic  vapours.  IHssolves  in  nitric  acid.  Contains,  according  to  Ghen  th 
(Sill.  Am.  J.  [2],  xzvii.  400),  11*61  per  cent,  arsenic,  88*13  copper,  and  0*40  silver  and 
insoluble  matter,  agreeing  with  the  formula  Cu**As'. 

IV^CBTZBXTBf  IVnTXSXTSf  or  WlOUTlJia  A  silicate  from  Wilitis  in 
Finland ;  amorphous;  specific  gravity  »  3*00.  Melts  before  the  blowpipe  to  a  black 
enamel,  and  is  not  attacked  by  acids.  Analyses  :a  by  Laurent  (Ann.  Ch.  Phys.  [2], 
lix.  109);  6  by  Stromborg  (Arppe,  Analyser  af.  finska  Min.  p.  17): 

SiO«.  A1«0».         F«20».       FeO.  MnO.         CaO.         MgO.       N««0. 

a,      66*3  13*3  4*0         13*0  .      .         60  30  3*6     «     991 

6.      64*24         14*27         .    .         16*62         2*70        6*66         3*86         3*88    -    100*22 


WX&XiaBIZTBff  'WmCMiM  ITJ^  or  WULZA1K8XTB.    Anhydrous  ortho- 

silicate  of  sine,  Zn^iO*,  or  2ZnO.SiO',  occurring  in  ciystals  and  massive  at  Franklin, 
New  Jersey,  and  on  the  Buchsbach  Berg,  near  Aachen.  The  crystals  are  combina- 
tions of  a  rhombohedron  with  a  hexagonal  prism.  Length  of  principal  axis  a>  0*686. 
Angle  R  :  R  (terminal)  -  116°  ;  oR  :  R  «  141°  39*6'.  Cleavage  distinct,  lateral, 
and  basal.  Hardness  »  6*6.  Specific  gravity  —  3*936 — 4*18.  Whitish  or  greenish- 
yellow,  or  greyish- white  with  rather  weak  vitreo-resinous  lustre.  Streak  uncoloured. 
Transparent  to  opaque.  Brittle.  Fracture  concho'idal.  Contains,  when  pure,  27*64 
per  cent,  silica,  and  72*46  zinc-oxide. 

A  variety  called  troostite  from  Sterling,  New  Jersey,  has  the  zinc  partly  replaced 
by  iron  and  manganese,  the  ferrous  and  manganous  oxide  together  amounting  to  about 
9  per  cent 

•WTTiXiTAMMTB^  Syn.  with  WnxEinTS.  The  name  is  also  applied  to  a  grey, 
laminar,  non-aluminous  serpentine,  from  Westchester,  Pennsylvania  (p.  237). 


The  inoreanic  constituents  of  the  leaves,  wood,  and  bark  of  Salir 
vitellina  have  been  examined  b^Reichardt  (Arch.  Pharm.  [2],  Ixxiii.  267 ;  Jahresb. 
1863,  pp.  681-686),  with  especial  reference  to  the  variations  in  their  total  amount  and 
relative  proportions  in  spring  and  autumn. 


A  silicate  from  Bathurst  in  Canada,  occurring  in  monoclinic 
forms,  with  rose-red  colour ;  specific  gravity  =  2*76 — 2*77 ;  hardness  very  unequal  in 
different  parts.  Becomes  colourless  and  gives  off  water  when  heated,  and  melta  with 
intumescence,  before  the  blowpipe,  to  a  white  enamel.  Ontains,  according  to  T.  S. 
Hunt  {Ged.  Survey  of  Canada,  1863),  43*66  per  cent. silica, 27*94 alumina,  0*20  ferric 
andmanganio  oxides,  6*60  lime,  3*81  magnesia,  1*45  soda,  8*37  potash,  and  8*61  water 
(=   100*43). 


A  variety  of  lime-garnet,  also  called  grossularia  (see  Gamcbt,  ii.  772). 
The  same  name  is  sometimes  applied  to  vesuvian  (p.  998). 


or  JLZK-ruxVAOB.  The  ordinary  furnace  used  for 
crucible  operations,  in  which  the  draught  is  produced,  without  the  aid  of  a  blast,  by  the 
difference  of  specific  gravity  of  the  heated  air  in  the  chimney  and  the  external  air. 


L  Synonyms :  Wein,  Vin.  Vinum.  Ohos. — This  name  is  applied,  in  a 
general  sense,  to  all  alcoholic  liquors  produced  by  fermentation  of  saccharine  juices  of 
plants  (Fbuxkntation,  Alcohouc,  ii.  628),  but  it  is  more  usually  restricted  to  the  fer- 
mented juico  of  the  grapes  of  Vitis  vinifera. 

The  chief  constituent  of  wine,  besides  water,  is  alcohol,  the  amount  vanring  from 
6  to  17  per  cent,  in  different  kinds  of  wine,  as  shown  in  the  following  table.  The 
quality  and  value  of  wine  is,  however,  determined  much  less  by  the  amount  of 
alcohol  it  contaiof,  than  by  the  flavour  and  bouquet  which  it  possesses.  These  cha- 
racters, which  are  due  to  the  presence,  in  very  minute  proportions,  of  ethereal  and  aro- 
matic substances,  differ  in  kind  in  different  sorts  of  wine,  and  in  degree  in  the  same 
kind  of  wine.  The  chemical  nature  of  the  substances  which  constitute  the  bouquet  of 
different  wines  is  as  yet  but  little  known.  They  are  produced,  partly  during  the  fer- 
mentation of  the  ^pe-juice,  and  chiefly  by  the  mutual  reaction  of  various  constituents, 
when  new  wine  is  Kept  (Bcrthelot,  Ck>mpt.  rend.  Ivii.  287,  308,  and  796. — Pas- 
teur, ibid.  p.  936): — 
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Schubert,  Pogg.  Ann.  Ixx.  397. — Kersting,  Ann.  Ch.  Pharm.  Ixx.  260. — Gero- 
mont,  Ann.  Ch.  Pharm.  xvii.  158. — Mitis,  Baierisch.  K.  Gewerbeblatt,  183S — 
Hitchcock,  Edinb.  Phil.  Joum.  mvii.  176.— Griffin,  Chemical  TesUng  of  Winei 
and  Spirits,  p.  10. — Mulder,  Chemistry  of  Wine. 

Manufacture  of  Wine. — ^The  grapes  grown  in  wine-prodndng  countries  generally 
consist,  when  ripe,  of  from  70  to  76  per  cent  juice,  20  to  25  per  cent,  moist  skins  and 
stones,  and  from  3  to  5  per  cent,  of  stalks.  The  skins  are  covered  with  a  whitish 
pulverulent  bloom,  consisting  of  a  waxy  substance.  Thej  consist  chiefly  of  compact 
cellular  tissue  containing  nitrogenous  substances,  fat,  &c.,  with  an  internal  layer  of 
vegetable  tissue  containing  nitrogenous  and  colouring-matters,  essential  oil,  tannin, 
and  salts.  The  fleshy  part  of  the  grape  consists  of  cells  and  veeisels,  which  contain  the 
chief  part  of  the  juice.  The  stones  consist  chiefly  of  cellulose,  and  contain  also  isittj 
and  ethereal  oils,  nitrogenous  substance,  and  tannin.  The  stalks  contain  acids,  tannin, 
chlorophyll,  and  similar  substances,  but  scarcely  a  trace  of  glucose.  The  constituents 
of  the  juice  are  chiefly  water  and  glucose,  together  with  gum,  pectin,  dissolved  and 
suspended  nitrogenous  substances,  tartaric  add— perhaps  also  racemic  add,  malic  acid,* 
citnc  acid,t  paracitric  acid,  succinic  add,  and  acetic  acid,}  partly  free  and  partly  as 
salts.  It  also  contains  fatty  and  ethereal  oils,  wax  and  resin,  colour-substance,  tannin, 
phosphates,  sulphates,  and  other  mineral  substances  in  small  amounts. 

Composition  of  Orapes. 


Ripe  white 

AiifttTlAn 

Kleinlierger  grapef, 

Bietling 
grape*. 

Johan- . 
nieberg 

h.waamuk» 
hauler 

grapes. 

ripe.       very  ripe. 

very  ripe. 

gr*pw. 

grapes. 

Fretewhu. 

SdUieper, 

Fraenhu, 

WrestnnUm 

Glucose    . 

13-8 

10-6 

13-5 

151 

19-2 

17*3 

Tartaric  add    . 

111 

•92 

•78 

•56 

•74 

-84 

Albuminoid        Sub- 

I- 

•5 

•6 
•2 

stance  . 
Pectin,  Gum, Fat,  &C. 

41 

8^4 

80 

Ash .        .        •        . 

Soluble  portion    . 

•86 

•88) 

22-9 

16-5 

12-6 

18 

19^1 

Water      .         , 

79-8 

84-9 

763 

74-4 

Skins,    Stones,    and 
Cellulose 

|2-6 

1-8 

•0 

Pectose    . 

•9 

•7 

Ash           •         •         . 

Insoluble  portion . 

•11 

•08 

353 

2*52 

5*66 

6*52 

The  amount  of  glucose  in  grape-juice  varies  from  10  to  30  per  cent,  according  to  the 
climate  and  season  in  which  the  grapes  grow ;  and  the  amount  of  free  add,  considered 
as  tartaric  acid,  varies,  under  the  same  conditions,  from  *3  to  1*5  per  cent.  The  juios 
of  grapes  used  for  making  wine  is  generally  colourless,  or  very  slightly  yellowish,  and 
it  is  almost  without  odour,  except  mat  of  the  Muscat  g^pe.  With  the  exception  also 
of  the  teinturier  grape,  which  has  coloured  pulp,  the  yellow  and  blue  colouring  sub- 
stances of  grapes  are  contained  in  their  skins.  They  are  doeely  analogous  to  tannin, 
and  are  more  soluble  in  alcohol  containing  add  than  in  water. 

In  regard  to  the  production  of  wine,  the  prindpal  constituents  of  grape-juice  are 
glucose,  the  acids,  and  the  nitrogenous  substances  which  furnish  the  ferment,  so  that 
the  raw  material  for  the  production  of  wine  may  be  regarded  as  a  solution  of  glucose 
in  water,  containing  also  those  substances. 

It  is  espedally  important  that  the  papes  used  for  roakinf?  wine  should  be  allowed, 
as  far  as  possible,  to  attain  full  matnnty,  and  become  perfectly  ripe,  in  order  that  there 
may  be  a  maumum  amount  of  glucose,  and  a  minimum  amount  of  free  acid,  in  the 
juice  (Fbttit,  ii.  710,  711).  Immediately  after  the  grapes  have  been  gathered,  they  are 
crushed,  either  in  vats  or  between  wooden  rollers.  In  some  places  they  are  first  picked 
from  the  stalks,  in  other  places  they  are  pressed  together  with  the  stalks.  The  juice  is 
then  dther  separated  at  once  from  the  husks  and  stones,  &c.,  by  pressing  the  crushed 
grapes,  and  the  expressed  juios,  or^'must,*"  is  left  in  vats  to  ferment  without  the  "  ma  re**; 
or  the  crushed  grapes  are  first  allowed  to  ferment  for  some  time  with  the  husks,  as  in 

•  Pasteur,  J.  Pharm.  [g],  xxiv.76.— 8c  li  warts,  Ann.  Ch.  Pliann.  huxiv.  14. 

t  Vt  I  nckler,  Jahrh.  Pharm.  I.  57. 

X  Bert  helot  sodFleurleu,  ConipC.  rend.  Ivli.  887. 
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1.  CoDcentratiiig  the  grape-juice  by  partially  diving  the  grapes  before  they  an 
crushed,  or  by  eraporating  the  *'inu8t." — This  method  is  practised  in  some  parts  of 
Hungary,  Spain,  Italy,  and  France,  but  it  has  only  a  limited  applicability,  and  is  mors 
adapted  to  the  production  of  liqueur  wines  than  for  improring  the  quality  of  wine 
when  the  grape  contains  little  sugar  and  much  acid. 

2.  Adding  glucose  to  the  must  when  it  amounts  to  less  than  20  per  cent. — This 
method  only  partially  rectifies  the  natural  defects  of  the  grape-juice,  and  althoogh 
it  would  furnish  a  wine  containing  more  spirit  than  that  produced  from  the  unmixed 
must,  the  excessive  amount  of  acid  is  not  affected  except  in  so  far  as  it  may  be 
masked  by  an  excess  of  su^ar. 

3.  Diluting  the  must  with  water  sufficient  to  reduce  the  amount  of  acid  to  *5  mr 
cent.,  and  then  adding  glucose  until  this  amoimts  to  20  per  cent,  in  the  must. — The 
adoption  of  this  method  was  at  first  strongly  opposed  on  the  groond  that  wine  thus 
prepared,  might  be  expected  to  be  deficient  in  flayour  and  bouquet ;  but  this  has  been 
found  not  to  be  the  case,  and  the  result  is  quite  consistent  with  the  fact  that  the 
flavour  and  bouquet  of  wine  are  produced  during  the  fermentation.  So  far  as  the  pro- 
duct of  fermentation  is  concerned,  it  is  therefore  a  matter  of  little  consequence  whether 
the  glucose  has  been  derived  from  the  grape,  or  from  some  other  source,  provided  tbs 
grape-juice  contains  a  sufficient  amount  of  ferment,  acid,  and  other  substances, 
requisite  for  the  production  of  good  wine,  and  these  are  generally  present  in  excess. 
Tlie  principal  condition  to  be  ensured  is  the  purity  of  the  glucose  employed. 

4.  Mixing  the  pressed  grape  marc  with  vrater  containing  20  per  cent,  of  gloocse, 
and  fermenting. — This  method  is  based  on  the  important  observation,  that  the  raare 
from  which  the  grape-juice  has  been  expressed,  stiU  contains  a  large  amount  of  those 
substances,  which  by  fermentation  with  a  solution  of  glucose,  communicate  to  it  the 
characters  of  wine,  and  are  capable,  under  the  influence  of  this  process,  of  yielding  the 
products  which  constitute  the  bouquet,  etc.  (P^tiot,  Bulletin  soc  a'Encour.,  1857,  p.  559). 
The  wine  prepared  by  this  method,  is  stated  to  be  even  better  than  that  obtained  from 
the  grape-juice  itself. 

These  last  two  methods  bear  the  character  of  rational  improvements  in  the  manufMstore 
of  wine,  and  are  in  this  respect  to  be  regarded  as  totally  different  from,  that  system  of 
compounding,  justly  termed  adulteration,  which  has  been  practised  with  the  object  of 
giving  inferior  wine  the  semblance  of  character  it  can  acquire  only  by  the  process  of 
fermentation,  and  in  the  highest  degree,  only  in  certain  favourable  yean.  Pasteur's 
method  of  maturing  wine  by  the  application  of  heat  instead  of  keepins  itfor  a  number 
of  years,  is  likewise  an  improvement  which  is  sound  in  principle,  andlikely  to  be  of 
conniderablo  advantage.  The  chemistry  of  wine  is,  however,  still  so  imp(>rfectly  under- 
stood, both  as  regards  its  composition  and  its  production,  that  the  methods  abovs 
referred  to  must  be  regarded  merely  as  first  steps  towards  real  improvement  in  the 
practice  of  an  art  which  has  hitherto  been  conducted  in  a  most  crude  and  empirica' 
manner,  subject  to  the  accidental  infiuence  of  conditions  whose  operaticm  and  effectf 
were  wholly  unknown,  and  regulated  by  the  most  fantastic  notions. 

AnalTSla  of  ^ITliie. — The  chief  data,  &c.  determined  for  practical  purposes,  are  :— 

1 .  The  amount  of  aJcohol ;  2.  The  amount  oifree  acid  ;  and  3.  The  amount  of  non- 
volatile dissolved  contents,  or  "  extractf*'  as  it  is  termed.  Neither  the  flavour  nor  ths 
bouquet  of  wine  are  susceptible  of  estimation  by  chemical  means.  The  colouring 
substances  of  wine  are  also  too  little  known  to  be  distinguished  with  certainty  from 
other  colouring  substances  employed  for  its  adulteration.  (Blum  e,  Dinglor's  Joan, 
clxx.  240.) 

Kstimation  of  Alcohol. — The  most  trustworthy  method  consists  in  distilling  out  tht 
alcohol  as  already  described  under  the  head  of  Bekb  (i.  530),  and  weighing  or  observtoC 
the  density  of  the  distillate  (Alcoholomktrt,  i.  81).  The  free  acid  in  the  vrine  should 
be  first  neutralised  by  sodic  carbonate  or  baryta-water,  and  a  very  small  quantity  of 
tannic  acid  added  to  prevent  the  wine  from  frothing  when  distilled.  The  peroenlags 
of  al)Solut«»  alcohol  should  be  expressed  by  weight,  that  of  proof-spirit  by  volume. 

Estimation  of  Free  i4ru/.— This  maybe  effected  with  a  standard  solution  of  alkali,  aa 
described  under  Acidimxtht  (i.  262). 

The  amount  of  acid  potassic  tartrate  may  be  estimated  by  mixing  the  wine  with  five 
times  its  volume  of  mixed  alcohol  and  ether  (equal  parts)  and  leaving  it  for  twenty- 
four  hours,  when  the  salt  will  have  deposited  almost  entirely.  (Bert helot  and 
Fleurien,  Compt.  rend.  Ivii.  394.) 

If  it  be  desiraole  to  ascertain  the  relative  proportions  of  fixed  and  volatile  adds  in 
wine,  this  may  be  done  approximately  by  distilling  the  wine  and  estimating  the  quan- 
tity of  acid  in  the  distillate ;  but  the  result  obtain«l  will  not  represent  the  full  amouai 
of  free  volatile  acid,  and  cannot  be  much  relied  upon. 

Eatimation  of"  Extract  J* — This  is  made  in  the  same  manner  as  with  Brkb  (i.  580X 
If  the  amount  is  considerable,  it  may  be  desirable  to  ascertain  what  it  con^iists  ol 
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._  Natiye  tungstate  of  manganese  and  iron  (p.   907).     The  same 

name  is  also  applied  to  metallic  tungsten. 

or  lirO&rSAM-OOKSa.    Native  tungstic  oxide  (p.  903). 


!a.    Native  cuprous  sulpbantimonite,   or  antimonial   copper, 
Cu,Sb'"S*,  or  Cu«S.Sb«S«  (ii.  76). 


Native  metasilicate  of  calcium,  Ca^SiO*  (p.  252). 

HVOVOBKTf  or  UTOVOBXT.  The  Chinese  name  for  the  pods  of  Gardfnia 
grandijiora,  which  yield  a  laige  quantity  of  a  yellow  colouring-matter,  1  pt.  of  wongshy 
being  sufficient  to  impart  a  strong  yellow  colour  to  60  pts.  of  water.  The  pods  con- 
tain also  pectin,  mucus,  tannic  acid,  and  fat.  The  aqueous  extract  has  a  fiery-red 
colour  when  concentrated,  yellow  when  dilute.    The  alcoholic  extract  is  fier}'-r*d. 

The  colouring-matter  of  wongshy  has  been  shown  by  Bochleder  to  be  identical  with 
crocin  from  saffron  (ii.  108). — Respecting  the  products  obtained  from  it  by  Orth, 
see  J.  pr.  Chem.  Ixv.  16. — Chinese  yellow-pods  contain  6  per  cent,  ash,  consisting  in 
100  pU.  of  29-2  pts.  K«0,  US  Na'^O,  120  CaO,  35  MgO,  5*6  Fe«0»,  0*9  SO«,  103 
P*0*,  40  SiO«,  and  06  CI.    (Stein,  J.  pr.  Chem.  xlviii.  329.) 

The  aqueous  extract  of  wongshy  colours  wool  and  silk  a  fine  yellow,  without  mor- 
dants ;  cotton  to  be  dyed  with  it  must  first  be  mordanted,  best  with  tin-solution.  The 
colour  withstands  the  action  of  soap ;  alkalis  turn  it  more  yellow,  acids  more  reddish. 
The  colour  does  not  withstand  the  action  of  light,  but  is  most  permanent  on  silk.  The 
colour  of  wongshy  has  a  great  resemblance  to  that  of  annotto. 

UTOOB.  Kespecting  the  chemical  composition  of  wood,  two  different  views  an 
entertained.  According  to  Payen  (Compt.  rend.  viii.  61),  v.  Baumhauer  (J.  pr. 
Chem.  xxxii.  204),  and  F.  Schulze  (Chem.  Centr.  1857,  p.  321),  it  consists  of 
cellulose  or  woody  fibre  (i.  818),  which  forms  the  cell- walls,  and  of  incrustiug  sub- 
stances deposited  thereon  {Scierogen^  Lignin,  formed  of  products  of  decomposition  of 
the  decaying  cells  [Schleiden,  Grande,  d,  loiss.  Botanik,  Leipzig,  1849,  i.  172]X 
Fr^my,  on  the  other  hand  (Compt.  rend.xlviu.  862),  denies  the  existence  of  incrustiog 
substances,  and  supposes  that  the  true  woody  tissue  consists  of  wisculose,  the  consti- 
tuent of  the  vessels  (p.  995),  which  is  insoluble  in  oil  of  vitriol,  soluble  in  boiling 
concentrated  potash-ley ;  paracelltdotef  the  substance  of  the  medullary  rays  (iv.  34), 
soluble  in  oil  of  vitriol  and  in  boiling  potash-ley;  and/5roM,  the  substance  of  the  true 
woody  fibres,  soluble  in  oil  of  vitriol,  but  insoluble  in  boiling  concentrated  potai^h-ley. 
The  former  view  is,  however,  generally  regarded  as  the  more  exact  Wood  likewise 
contains  the  following  substances,  in  quantities  varying  with  the  season  and  locality, 
and  with  the  species  and  age  of  the  plant :  the  constituents  of  the  sap,  such  as  slba- 
mino'idal  substances  (0*81 — 0*12  per  cent,  nitrogen,  according  to  Chevandier), 
sugar,  gum,  tannic  acid,  &c.,  colouring-matters,  starch  (only  in  autumn  and  winter), 
pectose,  according  to  Fr^y  (Payen  found  none),  resins  and  volatile  oils,  and  the 
ordinary  mineral  constituents  of  plants. 

The  external  properties  of  wood  depend,  partly  on  the  mode  of  union  of  ths 
fibres,  partly  on  the  proportions  between  the  essential  or  adventitious  proximate  oaa- 
stituents.  Hence  the  several  species  of  wood  differ  greatly  in  hardness,  colour,  and 
apparent  specific  gravity.  The  latter,  that  is  to  say,  the  specific  gravitv  of  the  wood 
air-dried,  but  still  containing  air,  varies,  according  to  K  arm  arse  h  (Gnindz.  d.  nutk 
Technologies  p.  635),  from  0*383  (poplar-wood)  to  1*342  (logwood).  The  actual  specific 
gravity  of  different  kinds  of  wood  is  tolerably  uniform  :  1*5,  according  to  Violittte; 
from  1*46  (maple)  to  1*53  (oak),  according  to  Rumford.  Wood  always  contains  a 
larger  quantity  of  carbon  than  cellulose ;  its  composition  varies  between  very  wide 
limits  (accordmg  to  the  nature  of  the  incrusting  substances:  Payen),  as  much  appa- 
rently in  the  same  as  in  different  woods.  The  lowest  and  highest  amounts  actually 
found  are:  46*10  per  cent,  carbon  (beech-wood:  Baer),  and  54*44  per  cent,  (oak-wood: 
Payen);  (beech-wood  —  54*35); — 5*56  per  cent,  hydrogen  (box-wood:  Prout),  and 
6-40  per  cent,  hydrogen  (aspen-wood:  Payen); — 39*32  percent,  oxygen  (oak-wood: 
Payen),  and  46*87  per  cent,  (beech-wood :  Baer). 

Decay  of  Woody  Fibre. — Moist  wood  exposed  to  the  air,  gradually  undergoes  decom- 
position, a  species  of  fermentation  being  set  up  by  the  nitrogenous  constituents,  in 
consequence  of  which,  oxygen  is  absorbs,  carlx>nic  acid  and  water  are  evolved,  aiid 
the  wood  crumbles  down  into  a  blackish-brown  vegetable  mould,  called  humui, 
ulmin,  or  ge in  (p.  936).  This  decay  occurs  most  rapidly  in  young  spongy  wood, 
which  admits  the  air  more  freely,  and  at  the  same  time  contains  a  larger  proportion  of 
the  albuminous  substance  than  harder  and  older  wood. 

The  process  of  decay  in  ligneous  tissue  varies  considerably,  acconling  as  it  takf« 
place  with  free  access  of  air,  or  under  water  with  but  a  scanty  supply  of  oxygi>n  from 
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DitittToarrpua.  erowing  in  Vrga,  Aaaain,  Aikd  some  of  tJ 
pclago.  It  Biaclls  and  tastea  like  TOpaiba-biilBam.  is  soi 
oil,  Hnd  has  a  spe«ific  grsTltj  of  0'964.  Id  i\t  origin&l 
pn-aeoce  of  a  gre«Dish  resiQ  ;  when  filMivd  from  this,  ii 
trsnaniiUod  light,  but  opa^u<-,  with  grFeaish  fluoresce] 
colour  unit  fluorusoeucc  iliElinguiBh  it  from  copaiba-balsi 
□bserTcd  io  its  IX'bBviour  when  heated,  uid  with  rnigt 
becvmca  turbid  and  ReUtiDous ;  whereas  copaiba-bslsaai 
tcmpprature  is  rnisod.  Wuod-oil  is  IsH  Baluble  in  ofa 
riscid  liquid  with  ainniiniia,  vhereas  eopaiba-baUam  foi 
OT^r,  voud-oil  does  sot  aolidii;  when  miied  vitb  A  of  i 

Wood-oil  is  not  a  dellnite  compound,  but  a  mixture 
rording  to  Lowe,  it  contains  3i  per  cent,  resin,  66  TC 
acetic  avid.     The  rosin  is  hard,  whereas  that  of  copaiba 

Werner,  by  diatilliiig  the  biilsBm  with  watpr,  obts 
Tolatile  nil,  C"H",  polymeric  with  oil  of  turpentine, 
of  9*01*  at  18",  a  teroruUtory  power  of  10",  boils  i 
S'40  (2  Tols.)- 

The  reain  left  a(t«r  distilling  offtiie  oil.  eODlsina  a 
C"H"0*,  Boluble  in  aqueous  ammouia.  To  separete 
boiled  with  poiaBh-ley,  which  diasolTBs  it ;  the  solutio 
ammuniac,  and  filtered ;  and  the  ammoniacal  filtrate  ie 
which  throws  down  Iho  gui^unio  acid  in  thick  jellowi 
in  alcohol  and  ether,  melts  at  •12(1^,  aolidiflea  at  180° 
parently  without  dp>compositiun.  It  is  dibasic,  and  fom 
and  alkaline  eartha.— The  folatgium-iall,  C'H^K'O' 
microaojpic  laminm,— The  ca!cium-aalt,  C"U"Cn'0',  an 
are  white  and  amorphous.— The  tilver-talt,  C"H''Ag'0 
in  white  flocks,  which  blacken  on  eipoaure  to  light.    CV) 

Wood-oil  is  used  by  ths  Malaya  as  a  varaieh  for  lio 
hu  been  rocommeDded  as  a  sabMitnte  for  copaiba-balat 
F.    See  MsTHn,  Etdju-Te  of  (iii. 
^A*.    See  Tu  (p.  670). 


4te  Aufl.,  p.  428.— Chovroul,  J.  pr.  Chem.iiTii.S7: 
Chemjc,  ii.  070.— Scharer,  Ann.  Ch.  Pharm.  x\.  54 
Oorup-Besanei.  iiirf.  lid.  321;ciTiii.  230.— Grot  1 
Lassaigno,  J.  Cbim.  MM.  lii.  562.)— Wool  belongs 
Afier  eitianstion  with  water,  atrohol,  and  ethor,  to  ren 
conuins,  HCcor<ling  to  Scherer,  60'65  per  cent,  carbon,  ' 
and  24-61  oijgen  and  snlphur.  Cherroul  found  in  wi 
sulphury  Mulder  rather  more;  t.  Bibra  08-0-9  per  < 
mean  of  numerous  dotcrminationa  with  difTcrcnt  kind 
minimum  being  1-3,  and  the  maximum  3-4  per  cent 

The  amount  of  water  in  wool,  ia,  according  to  Mi 
per  cent.,  of  which  6  or  7  per  cent,  go  off  when  the  wo 
air  dry  wool  quickly  loksB  up  a  considerable  quantity 
per  hour  accoriling  to  Grothe'a  eipejimonla. 

In  lUO  pts.  wool  dried  at  110°,  Oorup-Bcsanei  fonn^ 
0-29  pt.  silica,  or  83  pta.  ailica  in  100  pU.  ofaah,  Bea] 
■ium.aalls  from  the  aweat  of  aheep^B-wool,  SCO  PoTisail 

The  reactiuna  of  wool  with  ocida,  alkalis,  &c.,  are  ihi 
in  general.  Dilute  alkaline  aolatiuna,  sapeciallj  eoda-li 
but  the  remainder  appvars  to  be  more  iiitimnlely  comL 
by  boiling  with  strong  alkalis,  which  doatioy  the  i 
Williama  (Ann.  Ch.  Pharm.  cii.  127),  by  dialillin 
potash-lcj,  obUined  a  diatillate  nminininfc  a  large  quun 
butylamine  and  amylamioe.  Flannel  distilled  by  itself 
oil,  accompaoinl  hj  large  quantities  of  pyrrol,  stream 
small  quantity  of  carbonic  dirulplililo,  with  mere  traces 

Wool  and  silk  may  bo  distingniahed  from  Tupetnb 
linen,  by  drawing  out  a  thread  and  Betting  it  un  Are. 
a  shining.  tnmeAcd,  difScuItlj  combuatible  cinder,  whic 
vhen  eompletelj  burnt;  the  smoke  smells  like  bant  h 
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the  solution  of  iodine  in  wormseed-oil,  propionic  add  and  iodotfionn  pass  otw,  togethtf 
with  a  dark-brown  mobile  oil,  containing  ciniebene,  bydriodate  of  ciiuebene,  durbene- 
camphor,  cymene,  and  small  quantities  of  dnacrol,  angelic  acid,  &o.,  '^hila  tb«>  bM 
blue-black  residue  consists  chiefly  of  cinsephene,  cinephanet  and  euuephone  (Hirzel). 
Wormsoed-oil,  mixed  with  a  saturated  solution  of  iodine  in  potaaaimn-iodiide,  yieldi 
greenish  metallic-shining  crystaLs  of  the  compound  2(C**H^*U.H'0),1\  which,  vbea 
treated  with  alcoholic  potash,  reproduces  wormseed-oil.    (Kraut  and  Wahlforir.) 

Sulphuric  acid  colours  wormseed-oil  red-brown,  and  on  applying  heat,  aulphorou 
anhydride  is  evolved. — Photphario  anhydride  blackena  it,  ana,  aooording  to  Vdlckti, 
fomis  cynene ;  according  to  Hirzel,  cinsebene,  cinsnhene,  and  cinacroL — Jfydrvcklnrig 
acid  gas  is  absorbed  by  wormseed-oil,  forming  a  red-brown  liquid,  which  on  standiiig. 
deposits  worm  seed-camphor,  in  colourless  slender  nee<uea  having  an  aromatic 
camphor-like  odour  and  mild  warm  taste;  thej  deliqnesoe  in  the  air,  melt  vhea 
heated,  and  yield,  by  distillation,  an  oil  containing  hydrochlorio  add.  (Hi reel  and 
Vcilckel.) 

Wormseed-oil  distilled  with  potasnum-hydraie  yields  a  colonrleas,  transpaKot, 
mobile  oil,  having  a  peppery  odour  and  warm  tasta,  a  specific  gravity  of  0-9^2,  aad 
boiling  at  about  175^.  With  hydrochloric  add  gas,  this  oil  forma  whin^wg  deliqoM- 
cent  needles ;  with  nitric  add,  liquid  and  resinous  products ;  snlpharic  acid  coloun  it 
dark-brown,  and  renders  it  yiscio.  This  oil  has  a  composition  represented  by  the  em- 
pirical formula  C'^H'^O',  and  condsta,  according  to  Hirsel,  of  cinaebene,  cinebcDe- 
camphor,  propione,  and  a  body  containing  C'*H'*0. 

IkrifHUives  of  WonMeed-oU, 

Cinsebene,  C'*H"  (with  which  Volckers  cynene  is  probably  identicalX  exifts 
ready-formed  in  wormsoed-oil,  and  is  separated  by  distilling  the  oil  with  pbosphorie 
anhydride  (Hirzel).  It  is  a  colourless,  mobile,  pungent,  Btfon|^ly-refracting  dl, 
having  a  density  of  0*878  at  16^  and  boiling  at  172"^.  VlHien  distilled  with  an  eqoal 
volume  of  nitric  acid  of  specific  gravity  1*16,  it  yields  acetic  add,  propionic  add,  and 
volatile  oil,  and  leaves  a  resin,  which,  by  prolonged  boiling  with  exceaa  of  nitric  acid, 
is  converted  into  toluic  and  nitrotoluic  adds,  together  with  an  oil,  probably  anifljioiis 
acid ;  no  oxalic  acid  is  formed  in  this  reaction. — With  hydriodic  acid,  dnebene  forms 
an  oUy  hydriodate,  2C'»H".HI. 

Cinsebene-camphor,  C'*H"0,  is  contained,  according  to  Hirzel,  in  wormseed- 
oil,  but  cannot  be  separated  from  it  in  the  pure  state.  With  phoe^iorie  anhydride 
it  is  resolved  into  water  and  ciniebene.  According  to  Kraut  and  Wahlforas,  worm- 
seod-oil,  purified  by  alcoholic  potash,  consists  of  an  oil,  C'*H**0,  mixed  with  the  cam- 
phene,  C'*H'*,  which  cannot  be  separated  by  fractional  distillation. 

Cinaephene,  C"H*»,  is  one  of  the  compounds  formed  by  the  action  of  phosphoric 
anhydride  or  iodine  on  wormseed-oil.  It  is  an  oil,  viscid  at  ordinary  tempt^ratuive, 
mobile  when  warm,  boiling  at  316° — 325^,  colourless  by  transmitted  light,  and  exhi- 
biting a  deep  indigo-blue  iridescence  by  reflected  light.  When  heated  with  nitric  add, 
it  is  converted  into  a  resin  having  a  musk-like  odour.    (HirzeL) 

Cinsphane,  C*"H*,  is  a  resinous  hydrocarbon  founa  in  the  residue  left  on  distil- 
ling wormseed-oil  with  iodine.  To  separate  it,  this  reddne  is  boiled  with  alcohol, 
which  dissolves  cinsephene;  the  remaining  portion  is  dissolved  in  chloioform;  the 
solution  is  mixed  with  20  pts.  of  alcohol  of  specific  gravity  0*84 ;  and  the  ivsulting 

Erecipitate  of  cinsephane  and  cinephone  is  treated  with  ether,  which  dissolves  the 
ktter,  and  leaves  the  cinenhane,  to  be  fiirther  purified  bv  solution  in  chloroform,  pre- 
dpitation  with  alcohol,  and  washing  with  ether.  Cinsephane  is  a  nearly  velwt-bUck, 
loose,  resinous  powder,  tasteless  and  inodorous ;  when  heated  it  bums  away  without 
melting. 

Cinephone,  C**H**,  separated  from  cinsephene  by  ether  in  the  manner  just 
described,  is  a  loosely  coherent  kermes-brown  powder,  destitute  of  taste  and  odour, 
insoluble  in  water  and  in  alcohol,  but  soluble  in  ether,  chloroform,  and  wormseed-oil; 
when  heated,  it  bums  and  decomposes.     (Hirzel.) 

Cinacrol,  C'*H**0*,  is  obtain^  b^  rectifying  the  oil  produced  by  distilling  1  pt.  of 
iodine  with  4  to  6  pts.  of  wormseed-oil ;  agitating  the  nearly  black  liquid  which  paMSi 
over  with  strong  potash-ley ;  heating  the  resulting  dark-brown  solution  till  it  is  nearly 
inodorous ;  and  then  distilling  it  with  dilute  sulphuric  acid.  The  oil  thus  obtained  is, 
after  drying  and  rectification,  colourless  and  viscid,  with  a  faint  smoky  odour,  and 
sharp  caustic  taste ;  a  spedfic  gravity  of  1*05  to  116 ;  boils  at  about  260^ ;  dissolves 
slightly  in  water,  easily  in  alcohol,  ether,  and  acetic  acid ;  still  more  easily  in  alkalis, 
forming  a  solution  which  gives  a  white  precipitate  with  basic  acetate  of  lead,  a  blue- 
green  liquid  with  ienio  chloride^  and  zeduces  nitrate  of  silver  when  heated  with  it. 
(HirieL) 
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Ethjlic  zanthate  or  disnlpkocarboziate  (p.  500). 

Sjn.  with  Xakthine. 

8yn.  with  Pbbsxtlphoctanates  (iv.  379). 

SjD.  with  Xaitthabin. 

Thin  name  has  been  applied  to  more  than  one  sabstance : — 1.  By 
Fr^mj  and  Cloez,  to  that  portion  of  the  yellow  colouring-matter  of  flowers,  which  is 
insoluble  in  water  (ii.  668); — 2.  By  Schunck  and  Higgin,  to  the  yellow  colouring- 
matter  obtained  by  Kuhlmann  from  madder  (iii.  743); — 3.  By  Couerbe,  to  a 
gaseous  product  of  the  decomposition  of  zanthates,  to  which  he  assigned  the  formula 


C»H«N<0«.  XafUhio  Oxide.  (Marcet,  Essay  on  the  Chemical 
History  and  Chemical  Treatment  of  Calculous  Disorders^  London,  1819. — Lie  big  and 
Wohfer,  Ann.  Ch.  Pharm.xxvi.  340.--G6bel,  Jahresb.  1861,  p.  604  ;  1852,  p.  712. 
— Scherer,  Ann.  Ch-  Pharm.  cvii.  314  ;  cxii.  267,  276,  279  ;  Jahresb.  1858,  p.  546  ; 
1859,  p.  606. — Strecker,  Ann.  Ch.  Pharm.  eviii.  141  ;  cxriii.  161 ;  Jahresb.  1858, 
p.  646  ;  1861,  p.  626.— Stadeler,  Ann.  Ch.  Pharm.  czi.  28 ;  cxv.  102;  Jahresb.  1859, 
p.  603;  1860,  p.  679. — ^Bence-Jones,  Chem.  Soc.  Qu.  J.  zv.  78.— Alm^n,  Jahresb. 
1862,  p.  634. — Strecker  and  Bheineck,  Ann.  Ch.  Pharm.  czzzi.  121.) — This  body 
was  discovered  by  Marcet  in  a  urinary  calculus  weighing  only  8  grains.  Liobig  and 
Wohler  afterwards  found  it  in  a  larger  calculus  weighing  between  18  and  20  grammes; 
these  are  the  only  known  examples  of  zanthine  calculi.  Bence- Jones  found  in  it  a  de- 
posit from  the  urine  of  a  boy.  According  to  Scherer,  zanthine  is  a  normal  constituent 
of  the  human  body ;  he  has  found  it  in  the  urine  of  man,  in  the  pancreas,  spleen,  and 
liver  of  ozen,  in  the  thymous  gland  of  the  calf,  the  muscular  flesh  of  the  oz,  iiorse,  and 
of  fishes ;  also  in  the  spleen,  in  a  case  of  tumoiur  of  that  organ;  and  in  the  human  liver, 
in  acute  yellow  atrophy.  In  the  muscular  flesh  of  the  horse  it  ezists  to  the  amount  of 
0'0026  per  cent.,  together  withhypozanthine  or  saicine  ;  in  the  pancreas  to  the  amount 
of  0*0166  per  cent,  together  with  guanine ;  in  the  spleen,  liver,  and  brain,  together 
with  uric  acid.  Almen  found  0'02  per  cent,  zandiine  in  oz-liver.  According  to 
£.  Dilrr  (Jahresb.  1866,  p.  676),  the  presence  of  zanthine  in  human  urine  is  pro- 
moted by  the  use  of  sulphur-baths.  According  to  Unger  and  Phipson  (Chem. 
News  [1862],  yi.  16),  zanthine  is  found  in  certain  kinds  of  guano  from  the  island  of 
Jarvis. 

Artificial  FormaUon, — Xanthine  is  produced : — 1.  From  uric  acid,  from  which  it 
differs  by  1  at  O,  by  the  action  of  sodium-amalgam  (Bheineck). — 2.  From  goanine, 
from  which  it  differs  by  NH,  by  the  action  of  nitrous  acid  (Strecker) : 

2C*H»N»0   +  0»     -     2C»H*N*0»   +   H«0  +   N*. 

Preparation. — 1.  From  Urinary  Calculi^  and  from  Jarvis  Guano. — ^By  dissolving  tba 
substance  in  aqueous  potash  or  ammonia,  and  precipitating  with  carbonic  or  ac«tic 
acid. 

2.  From  Muscular  Flesh  and  other  Animal  Substances. — ^The  substance,  oomminnted 
by  trituration  with  pounded  glass,  is  digested  with  warm  alcohol  and  pressed ;  the  re- 
sidue is  digested  for  some  hours  with  water  at  60^ ;  the  ezpressed  liquid  is  mized  with 
the  alcoholic  solution,  evaporated,  and  filtered  to  separate  albumin ;  and  the  filtrate  is 
successively  precipitated  with  neutral  load-acetate,  basic  lead-acetate,  and  mercuric 
acetate.  The  two  latter  precipitates  are  then  suspended  in  water,  and  decomposed  by 
sulphydric  acid ;  and  the  filtered  liquid  is  evaporated,  whereby  a  mixture  of  zanthine 
and  sarcine  is  obtained,  which  may  be  separated  by  solution  in  hydrochloric  acid — hy- 
drochlorate  of  zanthine  then  separating  out,  while  the  greater  part  of  the  sarcine  remains 
in  solution.     (Stadeler.) 

3.  From  Guanine. — The  solution  of  guanine  in  strong  nitric  acid  is  mized,  at  the 
boiling  heat,  with  nitrite  of  potassium,  till  a  copious  evolution  of  red  fumes  takes  place. 
A  large  quantity  of  water  is  then  added ;  the  yellow  body  thereby  precipitated  fa  miz- 
ture  of  zanthine  and  nitrozanthine)  is  washed  with  water  and  dissolved  in  ooiling 
carbonate  of  ammonia;  and  the  solution  is  mized  with  ferrous  sulphate  (to  reduce  the 
nitrozanthine  to  zanthine),  till  the  red-brown  precipitate  of  ferric  liydrate  at  first  pro- 
duced is  replaced  bv  black  ferroso-ferric  ozide.  The  solution,  which  should  still  contain 
a  large  quantity  of  free  ammonia,  is  then  filtiTed,  and  ovaponitcd  to  dryness  over  the 
water-bath ;  the  residue  is  treated  with  cold  water  to  extract  sulpliate  of  ammonium,  then 
redissolved  in  boilinpf  carbonate  of  ammonium  ;  and  the  filtrate  is  evaporated,  where- 
upon zanthine  remains. 

4.  From  Urine.— The  urine  is  precipitated  with  l>aryta- water;  the  filtrate  is 
evapoiatod;  the  highly  concentrated  mother-liquor  boiled,  after  addition  of  water, 
with  cupric  acetate;  the  precipitate,  after  washing  with  hot  water,  \h  dissolved  in  worm 
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IXV-8PA3ft.    Syn.  with  Wulfenttb  (p.  1049). 

.11 THITAJTB.  A  mineral  from  Green  Biver,  in  Henderson  County,  North 
Carolina,  probably  a  pseudomorph  after  titanite.  It  is  earthy,  yellowish-white,  with 
faint  lustre;  brittle;  hardness  »  3*5;  specific  gravity  »■  2*7  to  3*0.  Gives  off  water 
when  heated  in  a  tube,  and  exhibits  with  fluxes  the  reactions  of  titanium.  (Shepard, 
J.  pr.  Chem.  Bd.  Ixix.) 


XAVTBZTB.  A  variety  of  vesuvian  occuring  at  Amity,  in  the  State  of  New  York, 
in  indistinct,  four-sided,  prismatic  crystals  and  crystalline  granules,  imbedded  in 
limestone.    (Dana,  ii.  199.) 


An  acid  contained,  according  to  L.  Meier,  in  the 
root  of  Beta  wdgaris.  It  is  obtained  by  precipitating  the  cold  aqueous  extract  with 
neutral  acetate  of  lead,  boiling  the  precipitate  repeatedly  with  water,  then  drenching 
it  with  alcohol  of  80  per  cent,  and  evaporating  the  extract  to  dryness  after  addition  of 
dilute  sulphuric  acict  On  exhausting  the  brown  residue  with  cold  alcohol,  and 
evaporating,  xanthobetic  acid  remains  as  a  reddish-yellow  mass,  having  a  sour  taste, 
verv  hygroscopic,  slightly  soluble  in  ether,  easily  in  alcohol  and  in  water.  Alkalis 
and  alkaline  earths  colour  it  red,  and  form  soluble  ciystailine  salts,  from  which  the 
xanthobetic  acid  is  separated  by  stronger  acids  in  its  original  state.  The  xantho- 
betates  of  the  heavy  metals  are  insoluble,  and  are  obtained  by  precipitation.  (Handw. 
d.  Chem.  ix.  828.) 

XAJrTBOCBTMVS.  The  juice  of  Xanthochymus  pictarius  (formerly  supposed 
to  contain  gamboge)  is  greyish-green,  and  contains  65'5  per  cent,  rosin,  17*6  gum,  and 
6*9  woody  fibre ;  no  voktile  oiL    (Christison,  Ann.  Ch.  Pharm.  Ixxvi.  347.) 


tOCOBA&TZC  BJkSaTBm  See  Cobalt-basss,  AkmoniacaIi  (i.  1054) ; 
for  the  view  of  their  composition  proposed  by  0.  D.  Braun,  see  Jahreeb.  1862. 
p.  210;  1864,  p.  270. 

XAVTKOOOVB.  Ag*A8S\2Ag*AsS'.— A  silver-ore  from  the  Himmelfnrst 
mine,  near  Freiberg  in  Saxony,  crystidlising,  according  to  A.  Brei  thaupt  (Pogg.  Ann. 
Ixiv.  272),  in  rhombohedral  plates,  having  a  brown  to  orange-yellow  colour  and  ada- 
mantine lustre ;  transparent  to  translucent,  somewhat  brittle ;  hardness  —  2*3 ;  specifie 
gravity  «  6*0  to  5'2. 

EOCT8TZW.    See  TrBOsnnE  (p.  931). 

[OCIBW.    A  name  applied  by  Hope  (J.  pr.  Chem.  x.  269)  to  a  Bnbf>tanc6 

(called  "resin  of  flowers"  by  Clamor-Marquart),  which  he  supposed  to  be  very  widely 
difihsed  in  the  vegetable  kingdom,  and  to  be  tomeid  yellow  by  alkalis.  (See  FSloitkbs, 
CoLOUBS  OF,  ii  668.) 


[OOBV-OIIta    Zeise's  name  for  an  oily  product  formed  by  the  diy  dis- 
tillation of  potassic  xanthate  (p.  498). 


This  name  was  given  by  Scherer  (Ann.  Ch.  Pharm. 
cxii.  257)  to  a  substance  which  he  obtained  in  yellow  globules,  together  with  sarcine, 
ftom  the  liver,  spleen,  and  other  organs  of  the  animal  body ;  subsequently,  however,  ha 
found  that  it  was  a  mixture  of  xanthine  and  sarcine. 


[O&CXVa    A  yellow  colouring-matter  from  the  seed-capsules  of  Sorffkum 
taceharatum. 


[OZiBnr.    A  yellow  colourin^matter  obtained  finom  the  bazk  of  Soiykum 
gaccharatum,    (Secard,  Itier,  and  Joulie,  Compt.  rend.  xliv.  19,  141.) 

XAJTTBOMJBTMT&ZC  ACXB.    See  Sulphocabbonic  Ethbbs  (p.  501). 

XAVTBOVBVXO  ACZB.    A  product  of  the  decomposition  of  opiammone  by 
aqueous  alkalis  (iv.  207). 


CO  AOD.  A  yellow  colouring-matter,  of  unknown  composi- 
tion, produced,  according  to  Fol  (R^p.  Chim.  App.  1862,  p.  179;  Jahresb.  1862, 
p.  697),  bv  heating  phenol  or  cresol  with  arsenic  ncid.  It  dissolves  in  water  with  frf>lden- 
yellow  colour,  in  aqueous  alkalis  with  red  colour,  and  forms  reddish  salts.  The  fr«« 
acid  dves  silk  and  wool  yellow,  without  the  aid  of  mordants,  and  the  d^ed  stuffs  may  be 
treated  with  soap.  The  xanthophenates  dye  silk  and  wool  red,  of  various  shades,  from 
the  darkest  red  to  the  lightest  rose-colour. 


SAVTSOFSTIA.  The  yellow  colouring-matter  of  withered  leaves.  Nothing 
certain  is  known  respecting  its  composition,  or  of  the  manner  in  which  it  is  formed 
from  chlorophyU.     (See  Handw.  d.  Chem.  2**  Aufl.  ii.  [2],  10,  art  Bulttqrllk.) 
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with  an  excess  of  alcoholic  xanthorhamnin,  gives  a  yellow  precipitate,  consisting,  in  the 
air-diied  state,  of  C*'H'^''0'*.PbO.  Xanthorhamnin  forms  a  black  predpitato  with 
iron-salts.  It  dyes  fabrics  mordanted  with  alumina,  a  fine  yellow;  those  mordanted 
with  iron,  black.     (Gellatly.) 

Hlasiwetz  (Ann.  Ch.  Fharm.  cxi.  108)  regards  xanthorhamnin  as  identical  with 
quercitrin  (p.  6)  and  rhamnctin  resulting  from  its  decomposition  as  identical  with 
quercetin  (p.  4).  This  is  doubted  by  Bolley  {ibid.  ex?.  66),  who,  however,  obtained 
quercetin  from  Persian  berries  (Chom.  Soc.  Qu.  J.  xiii.  328);  also  by  Gellatly 
(Chem.  News,  iii.  196 ;  Jahresb.  1860,  p.  497). 


Syn.  with  Acaboid  Rbsut  (i.  2). 

A  yellow  mineral  from  the  Kullberg,  near  Stockholm, 
allied  to  orthite  orallanite^  and  containing,  according  to  Bah r  (Berz.  Jahresb.  xxvi. 
369),  32-93  per  cent  SiO*,  15-64  A1«0>,  421  FeO,  20-01  CeO  (with  LaO  and  BiO), 
6-76  CaO,  0-69  YO,  216  MgO,  0-39  MnO,  17-65  water,  and  a  small  quantity  of  car- 
bonic acid. 


A  hydrated  ferric  oxide,  Fe*0*.2H'0,  occurring  in 
acicular  or  fibrous  crystalline  groups,  near  Hmenau  in  the  Thuringian  Forest.  (£. 
Schmid,  Fogg.  Ann.  Ixxxiv.  495.) 

XAVTBOTAmzC  ACZB.  The  name  given  by  Ferrein  (Jahresb.  1868,  p. 
463)  to  the  yellow  colouring-matter  of  elm-leaves,  which  he  regards  as  a  tannic  acid. 
The  alcoholic  extract  of  yellow  elm-leaves  gave,  when  treated  with  water,  a  yellow- 
brown  liquid,  from  which  acetate  of  lead  threw  down  xanthotannate  of  lead, 
3Pb0.2C'*H'«0*. 


L  C»»H««.  (Stenhonse,  Pharm.  J.  Trans,  xvii.  19.)— The 
volatile  oil  of  Xantkoxylon  piperitum^  Dec  {Fagara  piperita,  L.),  the  so-called  Japan- 
pepper.  It  is  colourless,  strongly  refractive,  has  an  aromatic  odour  not  altered  by 
treatment  with  sodium ;  boils  at  162° ;  forms  a  liquid  compoimd  with  hydrochloric 
acid. 


EOZnUV.  (Stenhonse,  Pharm.  J.  Trans,  xiii.  423 ;  rvii.  19.) — A 
crystalline  non-nitrogenous  camphor  or  stearoptene,  which  separates,  on  cooling,  from 
the  oil  obtained  by  distilling  the  bruised  seeds  of  Xanthojyhn  piperitum  with  water. 
It  may  also  be  prepared  by  evaporating  the  alcoholic  extract  of  tne  fruit;  the  crystals 
thus  obtained  are  contaminated  with  resin,  but  may  be  purified  by  washing  with  cold 
aqueous  ammonia,  and  recrystallising  from  alcohol  or  ether-alcohol. 

Xanthoxylin  forms  monodinic  crystals,  having  a  silky  lustre,  a  faint  odour,  and  a 
slight  aromatic  taste.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and 
ether,  melts  at  80°,  solidifies  at  78°,  and  may  bo  distilled  without  decomposition. 
Nitric  acid  oxidises  it  to  oxalic  acid.  The  alcoholic  solution  is  not  precipitated  by 
nitrate  of  silver,  or  acetate  of  lead,  even  on  addition  of  ammonia. 


r.    The  bark  of  X.  caribaumf  Lum.,  or  X,  dava  Hercuiis^  L., 

used  in  the  Antilles  as  a  febrifnge,  contains,  according  to  Staples  (Pharm.  J.  Trans. 
[2],  iv.  399),  a  volatile  oil,  a  green  fixed  oil,  gum,  and  a  crystallisable  bitter  principle, 
desiignated  bv  him  as  xanthoxylin,  and  regarded  by  Bentley  (ibid.),  as  probably 
identical  with  the  xanthopicrite  of  Chevallier  and  Pelletan  (p.  1063)  ;  acconlingto 
Porrins,  however,  the  two  bodies  are  distinct,  xanthopicrite  being  in  fact  identical 
with  berberine. 

The  fruit  of  X.  piperitum  contains  a  volatile  oil,  xanthoxylene,  and  a  crystalline 
camphor,  xanthoxylin  {vid.  sup.) 


The  name  given  by  Couerbe  to  a  liquid  compound,  C*H'SO', 

which  lie  supposed  to  be  produced  by  the  dry  distillation  uf  potassic  or  plumbic 
xunlbate. 


Syn.  with  Pbbsulfhoctakic  Aai>  (iv.  378). 

An  aluminic  silicate,  occurring  at  Peterhof  in  Finland,  in  fibrous 
lasers*  having  a  vitreous  lustre,  hardness  -  70,  and  specific  gravity  =  36.  Con- 
tains 47*44  per  cent,  silica,  and  62-64  alumina.     (Komonen,  Fogg.  Ann.  Ivi.  643.) 

ZXVOTZMB.    Native  phosphate  of  yttrium.    (See  PnospnATKS,  iv.  686.) 
XBarrZiAXXVa.     C'«H"N  -^"^'(n.   Martt/iarnine.  {nofm^nn^FToe.  Roy. 

Soc.  xii.  389.) — A  monamine  isomeric  with  diphcnylamino,  occurring  in  the  basic  oil, 
boiling  above  130®,  which  is  obtained  as  a  bye-pniduct  in  the  manufacture  of  aniline. 
This  mixture  of  oily  bases,  neutralised  with  sulphuric  acid,  de|)08it8  impure  sulphate 
of  xonylamine,  which  may  bo  purified  by  treating  it  with  boiling  alcohol,  crystalli»iug 
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Etkj/lbcnzene^  C*H*(C*H*). — This  hydrocarbon,  homologons  with  benzene  and  tolaene, 
was  first  obtained  in  the  pure  state  from  coal-naphtha  by  Hugo  Miiller  (ZeitAchr. 
Ch.  Pharm.  1864,  p.  161),  ita  trinitro-compound  having  been  preyioualy  prepared 
from  Burmese  naphtha  by  Warren  De  la  Hue,  andHugo  MuIIer  in  1856  (Proc. 
Koy.  Soc.  yiii.  225).  It  was  afterwards  prepared  in  laiger  quantity  from  coal- 
naphtha,  and  further  examined  byBeilstein,  Wahlforss,  and  R68Bler(Ann. 
Ch.  Pharm.  cxxxiii.  32  ;  Jahresb.  1864,  p.  629).— Fit  tig,  in  1864  (Ann.  Ch.  Pharm. 
cxxxiii.  47),  showed  that  it  may  be  formed  synthetically,  as  dimethylbenzene  (methyl- 
benzyl). 

Xylene  had  been  obtained,  mixed  with  toluene  and  other  h^rocarbocs,  seTcral 
years  before  it  was  completely  isolated.  The  hydrocarbon  (boiling  at  128® — 130**), 
obtained  by  Cahours  (Compt  rend.  xxx.  319),  and  by  Volckel  (Ann.  Ch.  Pharm. 
Ixxxvi.  335),  was  evidently  a  mixture  of  xylene  and  toluene ;  so  likewise  was  the  8o- 
called  xylene  (boiling  at  126*2°),  prepared  by  Church  (Chem.  Soc  J.  xiv.  62)  from 
coal-naphtha.  Nearly  pure  xylene  had  previously  been  obtained  from  coal-naphtha  by 
Mansfield,  Kitthausen,  and  Hilkenkamp;  but  they  regarded  itascumene.  Thi* 
hydrocarbon,  boiling  at  146° — 148^,  and  likewise  described  as  cumene,  separated  by 
Cahours  (Ann.  Ch.  Pharm.  Ixxvi.  286)  from  crude  wood-spirit,  and  the  so-oallc^ 
retinyl,  boiling  at  150°,  obtained  by  Polletior  and  Walter  {ibid,  xxiii.  150; 
xxviii.  297),  from  the  distillation-products  of  the  resin  of  Pinus  maritima,  also  con- 
sisted mainly  of  xylene.  Lastly,  the  hydrocarbon  called  petrol  (iv.  383),  found  by 
Bussenius  and  Eisenstiickin  the  petroleum  of  Sehnde  near  Hanovor,  is  evide-ntly 
identical  with  xylene. 

Preparation . — 1 .  From  Coal-naphth  a. — Light  coal-naphtha,  or  (better)  the  least 
volatile  portion  of  that  which  has  been  distilled  off  in  benzene  manufactoriee  (boiling 
at  130° — 160°),  is  subjected  to  repeated  fractional  distillation,  to  separate  the  portion 
which  boils  at  about  141°  ;  this  portion  is  shaken  up  with  oil  of  vitriol  containing  a 
little  fuming  sulphuric  acid,  which  dissolves  the  xylene  as  xylene-sulphunc  acid, 
leaving  undissolved  a  small  quantity  of  a  hydrocarbon  of  the  marish-gas  series  (probti- 
bly  C'*H^,  boiling  at  161°),  and  of  another  having  the  composition  of  turpentine; 
the  xylene-sulphuric  acid  is  decomposed  by  dry  distillation  ;  and  the  xylene  which 
passes  over  is  purified  by  washing,  drying,  and  distillation.    (Beilstein.) 

2.  By  syn  thesis. — By  the  action  of  methylic  iodide  and  sodium  on  monobromo- 
toluene(Fittig): 

C«H*Br.CH«  +  CH»I  +   Na«     -     NaBr  +  Nal  +  C«HVCH«)«. 

Bromotolueae.  Xylene. 

Properties  and  Reactions. — Xylene  is  a  colourless  liquid,  having  a  very  faint  odour, 
differt'ut  from  that  of  benzene.  Specific  gravity  »  0*86  at  19°.  Boils  constantly  at 
139°.  According  to  Warren  (Jahresb.  1866,  p.  514),  its  specific  gravity  is  08780  at  0*, 
0-866  at  15°;  boiling-point  (^corrected)  139-8°.  By  oxidation  with  potassie  bichro- 
mate and  sulphuric  acid,  it  yields  terophthalic  acid,  C*H*0* ;  dilute  nitric  acid  con- 
verts it  into  the  intermediate  product,  toluic  acid,  CH'O* : 

CH"  +   0»     -     C'HW  +     H»0. 
C«n>«  +   ()•     =     C"H«0*  +   2H«0. 

Probably,  in  the  former  case,  toluic  acid  is  first  formed,  and  then  further  oxidate<l  to 
terophthalic  acid  ;  in  fact,  toluic  acid  is  actually  transformed  into  terephthalic  acid  by 
oxidation  with  chromic  acid.  (Beilstein  and  De  Scheffor,  Zeitschr.  f.  Chem. 
1865,  p.  212.) 

Xylene,  passed  in  the  state  of  vapour  through  a  red-hot  tube,  is  resolved  into  a  mix- 
ture of  several  hydrocarbons — viz.,  benzene ;  toluene  ;  a  hydrocarbon,  C"II*,  prol»ably 
styrolene;  naphthalene;  liquid  hydrocarbons  boiling  between  250°  and  320°;anthraccuo, 
C'H'^  and  probably  its  higher  homologuos;  and,  kstly,  orange-coloured  hydrocarbons 
of  resinous  and  bituminous  consistence,  analogous  to  chrysene,  benzerythrene,  &o. 
The  formation  of  these  products  may  be  represented  by  the  following  equations : 

C«n'«  -  H»     =     C«H« 
Xylene.  Stjrrolene. 

3C«H'»     -     2C'H«  +   C"n«   +    3H«. 
Xylene.  Toluene.       Naphtha- 

lene 

The  anthracene,  C*'H",  is  produced  by  the  dehydration  of  toluene.  (Berthelot, 
Bull.  Soc.  Chim.  1867,  i.  227.) 

BtHylbanmane*  C*H*.C^Ii*. — ^This  hydrocarbon,  isomeric  with  xvlcne,  is  pro- 
ducoil  by  the  action  of  sodium  on  a  mixture  of  monobromobenzene  and  ethylic  bromide. 
It  is  u  colourless  mobile  liquid,  very  much  like  toluene,  and  boilinji^  conKtnntly  >it  133^. 
By  oxidation  with  potassie  bichromate  and  sulphuric  acid,  it  yields  benzoic  acid. 
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mixed  with  iodine,  till  the  mass  becomes  solid.  It  boils  at  254*^ — 256°,  and  forms  whit© 
silky  needles,  easily  soluble  in  warm  alcohol  and  benzene,  sparingly  in  the  same  liquid 
when  cooled.    (Hollemann.) 

BtHyl-xjleiie,  C"H'*  =  C«H^(C«H»)  -  C«H»(CH»)«(C«H»X  w  produced  (like 
ethyltoluene,  p.  857)  by  the  action  of  sodium  on  a  mixture  of  monobromoxylcne  and 
ethylic  broraioe.     It  is  a  liquid  having  a  specific  gravity  of  0*8783  at  30^,  and  boiling 

at  183° 184^.    When  warmed  with  nitrosulphuric  acid,  it  is  converted  into  a  trini- 

tro-compound,  crystallising  from  alcohol  in  needles,  and  melting  at  119^.  By  oxida- 
tion with  chromic  acid,  it  yields  an  acid  resembling  terephthalic  acid,  but  more  easily 
soluble  in  alcohol.    (Fittig  and  Ernst^  Ann.  Ch.  Pharm.  cxxxix.  184.) 

Metl&yl-zylene,  C*H"«  =  C«H»(CH«)  «  C«H«(CH")»,  prepared  in  like  manner, 
boils  at  165° — 166°,  and  unites  with  a  small  quantity  of  bromine  (with  evolution  of 
hydrobromic  acid),  forming  a  solid  bromide,  which  crystallises  from  alcohol  in  laminae, 
melts  at  73°,  and  is  identical  with  bromide  of  camene.  The  barium-salt  of  the  8ul> 
pho-acid  of  methyl-xylene  reacts  also  exactly  likecumene-sulphate  of  barium.  (Fittig 
and  Ernst.) 

Vltro-zyleiies.  (Miiller,  Zeitschr.  Ch.  Pharm.  1864, p.  161. — ^Beilstein,  Ann. 
Ch.  Pharm.  cxxxiii.  45. — ^Fittig,  ibid,  cxxxiii.  48. — Glinzer  and  Fittig,  ibid. 
cxxxvi.  307. — Deumelandt,  Zeitschr.  f.  Chom.  1866,  p.  21.) — ^When  xylene  (either 
from  coal-naphtha,  or  prepared  synthetically)  is  dissolved  in  cold  fuming  nitric  acid, 
and  water  is  added  to  the  solution,  a  heavy  oil  separates  out,  consisting  chiefly  of 
mouonitroxylene,  but  often  depositing  crystals  of  dinitroxylene  after  long  8tandin*r. — 
Mononitroxf/lene,  C*H*(NO*),  is  a  liquid,  and  when  pure  distils  without  decompo- 
sition ;  on  distilling  the  crude  product,  however,  explosive  decomposition  takes  place 
towards  the  end,  arising  from  admixed  dinitroxylene.  Mouonitroxylene  boils  at  240°. 
(Deumelandt.) 

Dinitro-xylene^  C*'K\'SO*y,  is  solid,  and  cirstallises  from  dilute  alcohol  in  highly 
lustrous  crystals,  which  melt  at  93°.  From  synUiotically-prepared  xylene,  Fittig  and 
Glinzer  obtained,  together  with  the  dinitroxylene  just  described,  an  isomeric  modifica- 
tion, melting  at  123*5°. 

Trinitro-iylene^  C*H'(NO')*,  is  easily  produced  by  the  action  of  a  mixture  of 
nitric  and  sulphuric  acids  upon  xylene,  by  prolonged  contact  at  ordinary  temperatures, 
more  quickly  when  heated.  It  is  solid,  and  slightly  soluble  in  cold  alcohol ;  from 
boiling  alcohol  it  crystallises  in  needles  which  melt  at  177°  (Beilstein).  By  the 
action  of  reducing  agents  it  is  converted  into  dinitroxylidine  or  nitroxylene-diamine 
(p.  1059). 

The  compound  C«H'(NO«^*,  described  (iv.  382)  as  trinitropeirol,  melts  at  162°. 

By  the  action  of  nitrosulpnuric  acid  on  synthetically-prepared  xylene,  and  on  the  two 
mollifications  of  dinitroxylene,  Glinzer  and  Fittig  obtained  crystallisable  trinitrozyleuo 
melting  at  137°. 

Ethylbenzene,  C*H*((J*11*),  dissolves  easily  and  with  violent  action  in  cooled 
fuming  nitric  acid,  and  water  added  to  the  solution  throws  down  mononitro-ethyl- 
benzene,  C*H*(NO'),  which  distils  without  decomposition  at  233°.  At  ordinary  tem- 
peratures the  nitration  does  not  proceed  any  further ;  but  on  warming  the  liquid,  or 
on  dropping  ethylbenzene  into  a  warmed  mixture  of  2  vols,  sulphuric  and  I  vol.  nit  nc 
acid,  and  adding  water,  dinitro-ethvlbenzene,  C*H*(NO*)*,  separates  asa  non-dis- 
tillable  oil.  This  compound,  boiled  for  an  hour  with  nitrosulphuric  acid,  is  converted 
into  trinitro-ethylbenzene,  C'H'(NO*)',  which  is  also  a  non*distJllabIe  oil. 

▲xo-zylenev  C*H*N,  or  C"II'*N'. — Produced  by  the  action  of  sodium-amalgam  on 
nitroxylene.  Crystallises  in  brick-red  needles,  which  molt  at  120^,  and  volatilise 
without  decomposition.  If  the  treatment  with  sodium-amalgam  be  further  continued, 
colourless  crystals  are  obtained,  which  dissolve  very  easily  in  alcohol  and  ether,  and 
sublime  even  when  the  ethereal  solution  is  evaporated:  they  probably  consist  of  hy- 
dro-azoxylene,  C'«H"N«.  (Werigo,  Zeitschr.  f.  Chem.  1864,  p. 723;  1865,  p.  312.) 

Syn.  with  Xtltudte-diaminx  (p.  1061). 


C«H»SC10«  -  C«H«(CH«)«.SO«a.    (Yssel 

de  Scheffer,  Zeitschr.  f.  Chem.  1865,  p.  360.)— This  compound  is  obtained,  as  a  yel- 
low non-distillable  oil,  by  triturating  xylene-sulphate  of  sodium  with  pentachloride  of 
phosphorus,  warming  the  mixture,  and  pouring  the  product  into  water.  Bv  the  action 
of  zinc  and  sulphuric  acid,  it  is  reduced  toxylene-sulphydrate;  when  tmitrdin  ethereal 
solution  with  •odiom-amalgam,  it  is  oonrerted  into  xylene-sulphurous  acid. 


C*H'*SO«    -    C»H».SO«II    =    C^T«(CHV. 

80«n.     X^oUulpkuric  Acid.     Sulphoxylolic  Add.    Xylt^mlphurous  Acid.    (Church, 
JfthrMb.  1856,  p.  SSi.— -Beilitein  and  Wahlforss,  Ann.  Ch.  Pharm.  cxxxiii.  38.—. 
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of  Weidmann  and  Schweizer.    Syn.  with  jAOVovnt  (iii.  694). 

The  commercial  name  of  the  odoriferoua  wood  of  Antyris 
ffUeadensis,  which  yields  Mecca  balsam  (i.  495). 

aLTXiOCM&OBBZC  ACIII.     A  term  applied  by  Fordos  (Compt  rend.  Wii. 
50)  to  the  green  colouring-matter  qf  decayed  wood,  which  may  be  extracted  by  chloro- 
orm. 

XTXiOCB&OAB.  A  mineral  found  in  a  fossil  tree-stem  from  the  volanic  tufa 
near  Husavik  in  Iceland,  forming  olive-ffreen  quadratic  pyramids,  and  containing 
5207  SiO«,  1-54  A1K)«.  2057  CaO,  0-33  MgO,  34  FeO,  055  Na«0.  377  K*0,  and 
17*14  water  (Sartorius  t.  Waltershausen,  Vulcan.  Gest.  Islands,  p.  297). 
Kenngott  (J.  pr.  Chem.  Izxxix.  455)  has  shown  that  it  is  an  altered  form  of  apo- 
phyllite. 

JL I liOCS V FTITS.  A  mineral  apparently  related  to  Scheererite,  occurring  in 
yellow  waxy-  crystalline  particles  on  lignite.     (S  e  c  q  u  e  r e  1.) 

ZTIbOXS.    Lowig's  name  for  the  radicle  xylyl,  C*H*. 

XT&OZDZO  JLCXD,    See  the  next  article. 

XT1LOZ9ZV.  C«H»NO'  -  C«H»(NO«)0».  P^froxam,  Nitramidin.  Exphnre 
Starch.  (Br  aeon  not,  Ann.  Ch.  Phys.  [2],  Iii.  290. — Lie  big,  Ann.  Cli.  Phurm.  vii. 
249. — Payen,  N.  Ann,  Sc.  nat.  Bot.  x.  161. — Pelouze,  Compt.  rend.  vii.  713;  xxiii. 
890. — Gladstone,  Mem.  Chem.  Soc  iii.  412. — Bouijs-Ballot,  Ann.  Ch.  Ph.irra. 
xlv.  47._B6 champ,  Ann.  Ch.  Phys.  [3],  xlvi.  338;  Ixiv.  311.— Gm.  xr.  106.)— 
This  compound,  discovered  by  Braconnot  in  1833,  is  produced  by  the  action  of  strong 
nitric  acia  upon  starch.  To  prepare  it,  starch  is  Jtriturated  in  a  thick  porcelain  mortar 
(to  prevent  rise  of  temperature)  with  5  to  8  pts.  of  fuming  nitric  acid,  till  it  is  reduced 
10  a  transparent  semifluid  mass,  without  evolution  of  gas ;  and  20  to  30  pts.  of  water 
are  then  added,  whereupon  the  xyloidin^  is  precipitated  as  a  white  granular  maas, 
wliile  a  snmll  quantity  of  starch  remains  in  solution.  If  the  action  of  the  acid  be  too 
much  prolonged,  the  liquid  becomes  coloured,  nitric  oxide  is  given  aSS,  and  no  precipi- 
tate is  obtained  on  subsequent  addition  of  water :  but  the  liquid  then  contains  a  deli- 
quescent uncrjstallisable  acid  (called  xylotdicacid,  but  probably  identical  with  saccharic 
acid).     (Pelouze,  B^champ.) 

To  purify  the  xylo'idin,  it  is  dissolved,  after  washing  and  diving,  in  a  mixture  of 
10  pts.  glacial  acetic  acid,  (C«H*0«),  and  1  pt.  of  the  dihydrated  add,  (C«H<0«.2n*0), 
iind  the  solution  is  filtered  and  evaporated.  100  pts.  starch  thua  treated  yield  from 
1 2 8  to  1 30  pts.  of  xylo'idin.     (B  ^  c  h  a  m  p. ) 

Xylo'idin  is  a  white,  inodorous,  and  tasteless  powder,  which  does  not  redden  litmus. 
It  is  insoluble  in  water,  alcohol,  ether,  chloroform,  eth^lic.  acetate,  acetone,  and  ben- 
zene ;  dissolves  in  glacial  acetic  acid  to  a  thick  mucilage,  more  easily,  according  to 
B^champ,  on  addition  of  -^  of  the  dihydrated  acid  ;  the  solution  coagulates  on  addi- 
tion of  water.    In  boiling  water,  xyloidin  cakes  tt>gether  without  dissolving. 

Xylo'idin  when  struck  decomposes  with  detonation,  but  not  so  violently  as  gun- 
cotton.  It  melts  when  heated,  and  takes  fire  at  180^,  burning  briehtly,  and  leavii^^ 
a  carbonaceous  residue.  Gladstone  found  that  a  sample  which  had  been  kept  for  six 
years,  decomposed  suddenly,  with  evolution  of  gas  containing  a  large  proportion  of  hy- 
drocyanic acid,  and  after  some  weeks  a  somewhat  tenacious  residue  remained  behind. 

Bromine  does  not  act  upon  xylolidin. — Iodine  colours  it  vellow. — Strong  nitric  acid 
dissolves  it, with  decomposition,  after  some  time. — Strong  tulphuric  acid  diBsoUes  it  with 
blackening,  and  on  adding  water  the  xyloidin  separates  out :  dilute  sulphuric  acid  does 
not  dissolve  it. — In  strong  hydrochloric  acid  it  dissolves  without  decomposition,  and 
is  precipitated  by  water  in  its  original  state. — It  is  partially  dissolved  by  potash. — 
Ferrous  salts  decompose  it,  with  evolution  of  nitric  oxide  and  production  of  soluble 
starch: 

2C«H»(N0«)0*  +   6Fea«  +  H«0     -     Fe«0«  +  2Fe*a«  +  ZNO  +  2CTI'«0«. 

Xyloidin.  StATch. 

The  starch  may  be  precipitated  from  the  resulting  solution  by  alcohol,  and  thus 
obtained  in  a  state  of  purity. 

Sdubls  XyMdin,  IsoxyMdin,  or  Isoniiramidin.—ThiB  modification  of  xylo'idin  is 
obtained  by  treating  starch  with  excess  of  strong  nitric  acid  (10  to  12  pts.),  precipi- 
tating the  yellow  gummy  solution  with  water,  dissolving  the  dried  precipitate  in  ether- 
alcohol,  and  evaporating  the  filtrate.  The  product  thus  obtained  resembles  xyloidin 
in  compMition,  and  in  mai^y  of  its  properties,  but  is  distinguished  therefrom  by  being 
perfectly  soluUe  in  pure  alcohol,  wood-spirit,  acetone,  ether,  a  mixture  of  ether  and 
alcohol,  and  in  ethyfic  acetate  ;  in  alcohol  of  95  per  cent,  it  is  insoluble.  (Bee h a m d. 
Ann.  Ch.  Phys.  [8],  Ixir.  820.)  ^  *^' 

Jiitroxylo'idin,  or  Dinitremidin,  C«H«(NO')«0»,  is  produced,  also  in  a  moie 


1062  XYLTLIC  ACID— XYLYLIC  ALCOHOLS. 

EiBenstiiek  obtained  by  reducing  the  so-called  trinitropetzol  with  Bulphide  of  ammo* 
nium  (iy.  382). 

XT&TXitO  ACn.  C»H"0«  -  C^«(CH»)«.CO*H.  (KeknlA,  Bnll.  Soa  Chim. 
1866,  ii.  47.— Hirsel  and  Beilstein,  t^ic^.  1867,  i.  845.)~Thi8  add,  homologtfafl 
with  benzoic  and  tolnic  adds,  is  produced: — 1.  By  the  action  of  sodium  and  carlmnie 
anhydride  on  bromoxylene  (KekuU): 

C«H^r  +  Na«  +  CO*    =     NaBr  +  C»H».CO«Na. 

Bromo-  Xylrlateof 

zylena.  ■odium* 

The  process  is  conducted  as  for  the  preparation  of  toluic  acid  from  toluene  (p.  862), 
the  bromoxylene  being  diffused  through  a  hydrocarbon  boiling  at  about  120®. — 2.  By 
oxidising  cumene  (C*H*')with  potassic  bichromate  and  sulphuric  acid,  or  (better)  with 
dilute  nitric  acid.  (Beilstein  and  Kogler,  Ann.  Ch.  Pharm.  cxxxrii.  317  ;  Jahreab. 
1866,  p.  659.) 

Cumene  oxidised  with  dilute  nitric  acid  yields  first  xylylic  acid,  and  afterwards 
insolinic  acid,  [C*H"0*  =  C«H«(CH"XCO*H)«].  To  prepare  xylylic  acid,  cumene  is 
treated  with  nitric  acid  diluted  with  twice  its  Tolume  of  water;  and  the  acid  product 
is  treated  with  tin  and  hydrochloric  acid,  to  decompose  the  nitro-acids  formed  at  the 
same  time.  On  distilling  the  product  with  water,  xylylic  acid  passes  orer,  while 
insolinic  acid  remains  behind.  If  the  cumene  employed  is  not  pure,  an  oily  prodnct 
distils  over  at  the  same  time ;  in  that  case  the  roceiyer  must  be  changed  as  soon  as 
crystalline  xylylic  acid  begins  to  pass  over.    (Hirzel  and  Beilstein.) 

Xylylic  acid  is  insoluble  in  cold  water  (Kokule) ;  yery  slightly  soluble  (Hirzel 
and  Beilstein).  It  dissolves  sparingly  in  boiling  water,  and  separates  on  cooling  in 
white  needles ;  dissolves  very  easily  in  alcohol  and  ether  (Kekul^).  According  to 
Hirzel  and  Beilstein,  it  melts  in  boiling  water;  in  the  dry  state  it  melts  at  103*^,  and 
boils  at  273°.  It  sublimes  easily  in  needles  (Kekull).  Xylylic  acid  is  quickly 
oxidised  by  chromic  acid,  and  converted  into  insolinic  acid,  CH'O^  (Hirzel  and 
Beilstein.) 

Xylylate  of  Barium^  (C*H*0*)*Ba''.4H*0,  crystallises  in  shining  eolonrleas  lamine. 
— ^The  «rf<rtttm-«a/^(C*H*0*)*Ca''.3H*0,  forms  stellate  groups  of  shining  needles. — 
The  ethylic  ether,  C»H»(C*H»)0',  is  an  aromatic  oil,  boiling  at  233°.  (Hirzel  and 
Beilstein.) 

AlpHazyljUo  Aold,    C»fl'«0«  -   ^*^*  I CH«  CX)«H-    C^o^^'^^^^i    Zeitschr.    f. 

Chem.  1866,  p.  488;  Jahresb.  1866,  p.  606.) — This  acid,  homologous  with  alphatolnic 
acid  (p.  863),  is  formed  by  boiling  toluylic  chloride,  C'H'Cl  (p.  870),  in  alcoholic 
solution  with  C3ranide  of  potassium,  and  then  with  potash : 

C=icHKa  +  CNK  +   2H'0     -    KG  +  NH*  +   Cfli'\^.,com* 

Toluylic  chloride.  Alphaxvljlic 

acli 

It  may  be  precipitated  from  the  resulting  solution  by  an  acid,  and,  when  purified  by 

boiling  with  milk  of  lime,  crystaUises  in  broad  needles,  having  a  satiny  lustre,  melting 

at  42°,  and  dissolving  very  readily  in  water. 

ZT&'VXZO  ACXTATa,  CB&OBXBB,  4Lo.  Syn.  with  Tolutlic  Acbtatb, 
Chloridk,  &c.  (pp.  870,  871). 

ZT&TZiZC  AXiCOBOZiS*  C*H**0. — This  formula  may  include  several  isomeric 
compounds,  but  only  three  have  hitherto  been  investigated  with  any  approach  to  aecu- 
racy : — 

1.  The  compound  doscribed(p.  869)  as  toluylic  alcohol,  C^IP.OH  or  C«U«(CIP)«. 
OH,  which  would  be  better  called  xylylic  alcohol,  inasmuch  as  it  is  ob^aintnl 
directly  from  the  chloride,  C'H'.Cl  (chloride  of  xylyl),  produced  by  the  action  of 
chlorine  on  xylene  at  high  temperatures.  This  alcohol  is  the  homologne  of  bonzylic 
or  tolylic  alcohol.  C'H'.HO  (i.  678). 

2.  The  compound  called  ph  lorol, phloretol,  or  phlorylic  alcohol,  which 
Hlasiwetz  obtained  by  distilling  barium-phloretate  with  lime  (iv.  493).  This  com- 
pound is  a  true  homologue  of  phenol,  probably  ethyl -phenol,  C*U*(C*H»).OH. 

3.  The  "xylylic  phenol,"  mentioned  by  H.  M tiller  (Zeitschr.  f.  Chem.  1866.  p. 
27 1 )  as  occurring  in  coal-tar.  This  is  probably  dimethyl-phenol,  C•H^ CH*)*.C)H, 
inasmuch  as  products  obtained  by  dry  distillation  have  hitherto  been  found  to  contain 
only  methyl-derivatives  of  benzene.  The  portion  of  aloi'sol  (the  product  obtained  by 
distilling  aloes  with  lime,  i.  148),  which  is  soluble  in  potash,  has  also,  according  to 

*  Thtelatbe  Ibrmala  of  InioUnle  acid  «>ri|tiniillT  ffiveii  by  Hofmann  (p.  7S5).  Aecordinc  lo 
Hirsel  and  Bellatein,  losollnlc  add  U  Trry  naoch  like  ter«phthallc  acid,  but  dissolves  vrry  rasilV  in 
bollinf  watar.   It  doai  noC  jltM  aoj  klflMr  oaldation-producls  wban  iraatad  with  chroaiic  add. 


1064  YTTRIUM. 

Unite  of  Ytterby  in  Swedes,  a  peculiar  oxide  resembling  lime  and  ainmina.  Ekebei^ 
in  1797,  confirmed  these  results,  and  named  the  earth  yttria.  In  a  subsequent  exa- 
mination of  this  earth,  which  in  the  meantime  had  been  investigated  also  by  Klap- 
Toth  and  Yauquelin,  Ekeberg  found  that  his  yttria  contained  glucina.  Berzelius,  in 
1819,  found  that  it  also  contained  oxide  of  cerium  (associated,  according  to  subsequent 
investigationsy  with  the  oxides  of  lanthanum  and  didymium).  Seheerer.  in  1 842,  pointed 
out  that  yttria,  even  when  freed  from  the  oxides  of  the  cerium-metals,  probably  still 
contained  another  oxide  ;  and  Mosander,  in  1843,  by  a  careful  examination  of  crude 
yttria,  concluded  that  it  was  a  mixture  of  three  earths — which  he  named  yttria,  ter- 
bia,  and  erbia — separable  by  their  diflferent  degrees  of  basicity.  Subsequent  expe- 
riments by  different  chemists  have,  however,  thrown  considerable  doubt  on  the  sepa- 
rate existence  of  the  second  of  these  earths ;  and  the  recent  very  careful  experiments 
of  Bahr  and  Bunsen,  already  referred  to  under  Terbixtx  (p.  721),  seem  to  hare  showu 
conclusiyely  that  crude  yttna,  when  completely  freed  from  the  oxides  of  cerium,  lan- 
thanum, and  didymium,  may  be  separated  into  two  earths,  yttria  and  erbia,  without 
any  trace  of  a  third,  the  so-cslled  terbia.  The  method  of  effecting  this  separation,  and 
obtaining  pure  salts  of  erbium  and  yttrium,  has  been  already  described  (p.  721). 

Metallic  yttrium  is  obtained  by  igniting  chloride  of  yttrium  with  potassium.  It  is 
described  by  Berselius  as  a  blackish-grey  powder,  consisting  of  small  metallically  lus- 
trous scales,  becoming  brittle,  and  acquiring  the  colour  and  lustre  of  iron  under  the  bur- 
nisher. The  metal  thus  characterised  was,  however,  a  mixture  of  yttrium  and  erbium; 
pure  yttrium  has  not  yet  been  prepared. 

Yttrium  is  a  diatomic  metal,  and  forms  but  one  series  of  compounds,  YCl',  YO,  &o. 
It  unites  directly  at  high  temperatures  with  chlorine,  oxygen, and  sulphur,  and  probably 
with  other  metalloids. 

Bromide  of  Yttrium  is  obtained,  by  evaporating  a  solution  of  yttria  inhydrobro- 
mic  acid,  as  a  very  deliquescent  saline  mass. 

Chloride  of  Yttrium  is  a  non-volatile  compound,  obtained  by  heating  yttrium  in 
chlorine-gas. 

The  hydrnted  chloride^  obtained  by  leaving  a  solution  of  yttrium  in  hydrochloric  ackl 
to  evaporate,  is  a  saline  mass  which  slowly  deliquesces. 

Fluoride  of  Yttrium  occurs,  together  with  the  fluorides  of  cerium  and  calcium, 
in  varying  proportions,  as  yttrocerite,  a  mineral  found  at  Finnbo  and  Broddbo  in 
Sweden  ;  at  Amity,  New  York,  and  in  Massachusetts,  forming  violet-blue,  ciystallo- 
grauular,  and  earthy  masses,  imbedded  in  quartz ;  in  smaller  quantity  also  as  fluocerite 
(ii.  609).  By  mixing  a  solution  of  yttrium-chloride  with  potassium-fluoride,  hydrated 
yttrium-fluoride  is  obtained  as  a  white  amorphous  precipitate,  having  an  astringent 
taste ;  it  reddens  litmus,  is  insoluble  in  water  and  in  aqueous  hydrofluoric  acid ;  when 
heated  in  a  close  vessel,  it  leaves  the  anhydrous  fluoride. 

Borofluoride  of  Yttrium^  obtained  by  double  decomposition,  is  insoluble  in  water, 
but  soluble  in  acids,  even  in  excess  of  fluoboric  acid,  and  crystallises  on  evaporating 
the  solution. — The  sdicofluoride  exhibits  similar  properties. 

Iodide  of  Yttrium  is  prepared  like  the  bromide,  and  is  likewise  very  deh'* 
quescent. 

Oxide  of  Yttrium^ — I'^^rt a,— obtained  by  igniting  the  oxalate,  is  a  soft 
nearly  white  powder,  which,  when  ignited,  glows  with  a  pure  white  light,  and  yields  a 
spectrum  not  containing  any  bright  bands,  like  that  of  erbia  (p.  722).  It  does  not 
unite  directly  with  water,  but  is  precipitated  as  a  hydrate  by  alkalis  from  solutions  of 
yttrium-salts.  It  dissolves  slowly  but  completely  in  hydrochloric,  nitric,  and  sul- 
phuric acids,  forming  colourless  solutions  which  do  not  exhibit  an  absorption-spectrum. 

Oxygen-ealte.— Basic  Nitrate  of  Yttrium,  Y[(N0«)«.Y'0.3H'0.  prepared  like 
the  corresponding  erbium-salt  (p.  722),  ciystallises  in  colotu*less  deliquescent  netnlles. 
^The  oxalate,  CT*0*.H*0,  is  a  soft  white  powder,  which  does  not  give  off  its  water 
till  heat«d  nearly  to  the  temperature  at  whicn  it  decomposes. — The  sulphate,  SY*^)*. 
8H*0,  forms  colourless  well-defined  crystals,  isomorphous  with  the  correspoudina: 
erbium-  and  didymium-salts,  and  exhibiting  the  same  characters  as  the  erbium-ralt 
when  heated,  and  when  dissolved  in  water.     (Bahr  and  Bunsen.) 

Selenide  of  Yttrium  is  obtained,  according  to  Wohlor,  by  fusing  yttria  with 
selenium,  as  a  black  substance  which  is  insoluble  in  water,  and  gives  off  selenhydrie 
acid  when  treated  with  dilute  acids  (Wohler).  Selenide  of  ammonium  precipitates 
yttrium-salts.    (Bercelius.) 

Sulphide  of  Yttrium  is  produced,  with  ignition,  when  yttrium  is  heated  in  sul- 
phur-vapour ;  also  whan  yttria  is  heated  in  vapour  of  carbonic  disulphide.  It  is  a 
grey  pufvemlent  body,  which  is  not  decomposed  by  water,  but  gives  off  sulphydric 
add  when  treated  with  dilute  acids.    (Wohler.) 


1066  TU— ZERUMBET-EOOT* 

TIT.  The  name  of  a  mineral  highly  prized  in  China,  and,  according  Ui  Abel- 
Remusat  {Ben.  Jahreeb.  v.  223),  identical  with  jade  nepkretique  (?  nephnt*).  It 
has  a  specific  gravity  of  2*9  to  3*4,  scratches  glass,  and  is  scratched  by  quarts. 


z 

KACOTSWCIA.    A  specular  iron-ore  from  Forpes,  in  Branl. 

ZAJPT&a.  An  impure  oxide  of  cobalt,  produced  by  imperfectly  roasting  eobaltf 
ore  mixed  with  2  or  3  pts.  of  siliceous  sand. 

T.II1^A,     Syn.  with  BosAX. 

XABIBOVrs  PUB.  A  name  sometimes  applied  to  the  dry  pile.  (See  Elbc- 
TBiciTT,  ii.  423.) 

XASKTZTa.  A  hydrated  carbonate  of  nickel  from  Spain,  probably  identical  with 
t^xasite  or  emerald-nickel  (i.  789). 

ZAVTBOPZCXZV.    Syn  with  Xai«thopicrite  (p.  1063). 

ZBiLCMIWZTB.  A  caldo-aluminic  silicate  allied  to  abrazite  (i.  1 ),  but  eiystiillising 
in  trimotric  forms,  whereas  abrazite  is  dimetric  It  occurs  in  the  laya  of  Capo  di  Bore, 
near  liome,  in  small  crystals,  which  are  combinations  of  the  prisms  oo^oo  and  ocPoc, 
with  a  pyramid,  or  in  irregular  and  spherical  groups.  It  is  transparent  to  semitrant- 
lucent,  with  a  vitreous  lustre,  white  to  bluish-white  colour,  and  white  streak.  Hard- 
ness s=  6*0.  Specific  gravity  =  2*213.  Before  the  blowpipe  it  becomes  opaque,  then 
splits,  and  melts  to  a  transparent  or  whitish  tumeflied  glass.  Hydrochloric  acid  dissolret 
it,  with  separation  of  gelatinous  silica. 

Analyses:  a,  by  v.  Kobell  (J.  pr.  Chem.  xviii.  206)  ; — 6,  by  Marignae  (Ann.  Ch, 
Phys.  [3],  xiv.  41): 

SJO«.  A1«0».  CaO.  K«0.  H«0. 

a.  4272  26-77  760  628  17*66      —      10003 

6.  43*64  24-39  6*92  10*36  16*05      «      100*36 

These  analyses  do  not  agree  very  closely,  but  the  formula  of  the  mineral  is  probablj 
that  deduced  from  the  second,  viz.  (CaO;K«0)SiO«-h  (Al«0*.2SiO»)  +  4aq. 


A  dark-coloured  opal  from  Mexico,  exhibiting  a  green  and  red  play 
of  colours. 


r.    See  the  next  article. 

Radix  eedoaria, — The  root  of  Curcuma  zedoaria,  a  scitaminaceons 
plant,  growing  in  Bengal,  Java,  and  Madagascar.  It  has  a  camphoric  odour,  and  an 
arf)matic  somewhat  bitter  taste.  Contains,  according  to  Buchols  (Report.  Pharm. 
XX.  376),  volatile  oil,  a  bitter  soft  resin,  a  bitter  extractive  matter,  gum,  starch,  &c 
The  oil  is  turbid,  whitish-yellow,  and  viscid,  has  a  camphoric  taste  and  smell,  and 
consists  of  two  oils,  one  lighter,  the  other  heavier,  than  water.  Trommsdorflf  obtained 
from  the  root  a  substance  which  he  called  zed  oar  in,  but  did  not  ftirther  describe. 

Syn,  with  Plsonast  or  Februoii70us  Spinel  (p.  400). 

This  name  is  applied  to  a  mixture  obtained  by  stirring  24  pts. 
of  finely-pounded  glass  into  20  pts.  of  sulphur.  It  is  recommended  as  a  cement  for 
stone  and  metal,  for  the  taking  of  casts  instead  of  gypsum  or  sulphur ;  as  a  material 
for  bookbinding  letters,  stereotype  plates,  statues,  and  whetstones  ;  and  even  as  a  sub- 
stitute  for  lead  in  the  construction  of  vitriol  chambers.  It  may  be  tinted  at  pleasure, 
by  addition  of  colouring-matter.    (A.  Vogel,  Buch.  N.  Bepert.  xii.  294.) 

ZBA  MA  IB.  Maize  or  Indian-corn.  On  the  composition  of  the  grain  of  this 
plant,  see  Cereals  (i.  226,  227). 

XBZSr.  A  nitrogenous  substance  obtained  from  maize-flour  (G  or  ham,  Berz. 
Jahresb.  ii.  124. — Stepf,  J.  pr.  Chem.  Ixxvi.  88;  Jahresb.  1869,  p.  693). — Maize- 
flour,  when  washed  with  water,  does  not  }rield  a  mass  resembling  the  gluten  of  wheat 

XBOIxras.  A  eeneric  name  of  hydrated  double  silicates  in  which  the  principal 
bases  are  alumina  ana  lime,  the  latter  being  often  more  or  less  displaced  by  ferrous 
oxide,  magnesia,  and  alkalis.  They  boil  up  when  heated  on  charcoal  before  the  blowpipe, 
and  are  dissolved  by  acids,  leaving  gelatinous  silica.  Many  of  them  form  veiy  fine 
crystals.  Natrolite  is  sometimes  called /<ra/^  r<^2^;  stilbite,/o/£a/eif  ^o^tto;  scole- 
cite,  needle  gedite ;  apophyllite,  pyramidal  zeolite ;  laumontite,  efflorescing  zeolite. 

Syn.  with  Nithate  of  SoDixm  (iv.  105). 

T     This  name  appears  to  be  applied  to  two  different  roots— 


1(768  ZINC  :  ALLOYS. 

Properties. — ^Zinc  is  a  white  metal,  with  a  shade  of  blup,  capable  of  bcin^  polished, 
and  then  assuming  a  bright  metallic  lustre.  It  is  usually  brittle,  aod  its  fracture  ex- 
hibits a  crystalline  structure.  But  zinc,  if  pure,  may  be  hammered  into  thin  leaves, 
at  the  usual  temperature  ;  and  commercial  zinc,  which  is  impure  aud  brittle  at  a  lov 
temperature,  acquires  the  same  malleability  between  100°  and  150°  :  it  may  then  be 
laminated  ;  and  the  metal  is  now  consumed,  in  the  form  of  sheet-zinc,  for  a  rariety  of 
useful  purposes.  At  210°  it  again  becomes  brittle,  and  may  be  reduced  to  powder  in 
a  mortar  of  that  temperature.  The  density  of  cast  zinc  is  6*862,  but  it  may  be  increased 
by  forging  to  7'21.  It  melts  at  412°  (Baniell),  and  boihi  at  1040°  (Deville  and 
Troost).  At  a  red  heat,  zinc  rises  in  vapour,  and  takes  fire  in  the  air,  burning  with 
a  white  flame  like  that  of  phosphorus ;  the  white  oxide  produced  is  carried  up  me- 
clianicaily  in  the  air,  although  itself  a  fixed  substance.  Laminated  zinc  is  a  valuable 
substance,  from  its  slight  disposition  to  undergo  oxidation.  When  exposed  to  air,  or 
placed  in  water,  its  surface  becomes  covered  with  a  grey  film  of  suboxide,  which 
does  not  increase  ;  this  film  is  better  calculated  to  resist  both  the  mechanical  and  che^ 
mical  effex^ts  of  other  bodies  than  the  metal  itself,  and  preserves  it.  Ordinary  zinc 
dissolves  with  facility  in  dilute  hydrochloric,  sulphuric  and  other  hydraied  acids,  by 
substitution  for  hydrogen.  Pure  zinc  dissolves  very  slowly  in  the  same  acids,  unlo«« 
it  is  in  contact  with  platinimi,  copper,  or  any  other  less  positive  metal,  with  which  it 
can  form  a  galvanic  circiut.  Ordinary  zinc  dissolves  more  quickly  than  the  pure  metal, 
because  the  lead  contained  in  it  is  precipitated  in  the  metallic  state,  and  acts  as  an 
electronegative  element  to  the  zinc  (see  ELBCTRicmr,  ii.  420).  In  consequence  of  this 
electrolytic  action,  zinc,  in  contact  with  iron  or  copper  in  a  saline  solution,  protects  the 
other  metal  from  oxidation. — Galvanised  iron  consists  of  iron  having  its  surface  coated 
with  zinc,  which,  in  like  manner,  protects  it  from  oxidation  in  air  and  water.  Zinc  pn^ 
cipitatcs  silver,  copper,  mercury,  and  most  of  the  basylous  metals,  less  oxidablo  than 
ittfclf,  from  their  acid  solutions. 

Zinc  dissolves  also  in  aqueous  alkalis,  with  evolution  of  hydrogen,  forming  azincate 
of  thealkali-meUl:  e.g.,Zn  +  2KH0  -  K'Zn'O'  +  H«.  In  this  case,  also,  the 
solution  of  the  zinc  is  accelerated  by  contact  with  less  oxidable  metals,  as  platiaam, 
iron,  &c. 

Zinc  reduces  many  metallic  oxides  (chromic  oxide,  for  example)  when  melted  with 
them.  Nearly  all  chlorides  aad  fluorides  are  reduced  when  heated  with  zinc>vapour  in 
an  atmosphere  of  hydrogen  (Poumaride,  J.  pr.  Chem.  Ixxiii.  496).  At  a  very  high 
temperuture,  zinc  reduces  carbonic  anhydride,  {orming  oxide  of  zinc  \  at  a  somewhat 
lower  temperature,  on  the  contrary,  charcoal  nniuces  oxide  of  zinc  (p.  1067). 

Zinc  is  a  diatomic  metal,  and  forms,  for  the  most  part,  but  one  class  of  compounds  : 
ZnCl',  ZnO,  Zn(NO')',  ZnSO*,  &c.  A  lower  and  a  higher  oxide  aro  known,  but 
they  are  not  of  very  definite  character. 

ZZVCt  AZiXiOTS  OV.  Zinc  unites  with  nearly  all  other  metals,  forming  alloys 
which  are  mostly  hard,  and  in  some  cases  brittle.  They  may  be  prepared  by  directly 
fusing  the  two  metals  together ;  if,  however,  the  heat  be  allowed  to  rise  too  high,  the 
zinc  will  be  volatilised.  Most  of  the  zinc-alloys  have  been  already  described  in  con- 
nection with  other  metals. 

Zinc  does  not  form  an  alloy  with  bismuth ;  on  mixing  the  two  metals  in  the  melted 
state,  the  mass  separates  into  two  layers — one  consisting  of  zinc  containing  2*4  per  cent, 
bismuth,  the  other  of  bismuth  containing  from  8'6  tol4'3  per  cent^  zinc.  (Matthies- 
sen  and  v.  Bose.) 

Tin  unites  readily  with  zinc  by  fusion,  forming  alloys  which  are  harder  than  tin,  but 
softer  than  zinc  ;  they  are  also  less  malleable  than  tin.  An  alloy  of  11  pts.  tin  to  1  pt. 
zinc  beaten  out  into  leaf,  forms  spurious  silver-leaf.  According  to  Ruaberg,  the  alloy 
ZnSn"  (1  pt.  tin  to  10}  pts.  zinc)  solidifies  completely  at  204°;  but  all  the  other  alloys 
separate  on  cooling  from  a  state  of  fusion  into  two  portions,  the  one  consisting  of 
ZnSn*,  not  solidifying  till  cooled  to  204°,  while  the  remainder,  consisting  of  an  alloy 
containing  a  larger  proportion  of  one  or  the  other  metal,  solidifies  at  a  higher  tem- 
perature: thus — 

SiiKZn.       Sn*Zn. 
Variable  point        •        .210°         .    . 

Fixed  point    .        .        ,     204°         204° 

Respecting  the  alloys  of  zinc,  tin,  and  lead,  see  Lkad  (iii.  538). 

Alloys  of  zinc,  tin,  and  copper  constitute  many  varieties  of  bronze,  tombac,  &c. 
Alloys  containing  smaller  proportions  of  zinc  are  used,  on  account  of  their  hardness, 
to  form  the  journals  and  other  parts  of  machines.    (See  Copper,  Allots  of,  ii.  461.) 

According  to  Calvert  and  Johnson,  the  alloys  ZnCu'"Sn  and  ZnCu'^Sn  are  definite 
chemical  compounds,  inasmuch  as  they  aro  scarcely  attacked  by  nitric  acid  of  specific 
gravity  1*1,  or  by  concentrated  hydrochloric  acid,  and  not  at  all  by  sulphuric  acid. 


Sn^Zn. 

Sn^Zn. 

Sn'Zn. 

SoZn. 

230° 

260° 

280' 

320  \ 

204° 

204° 

204° 

204° 
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chloHde,  ZNB:2.aCV  -  (S'R'Za'yCi;  in  the  form  of 
pound  aepanilca  alaa,  in  iihuiiag  rhombic  ciratals,  trtu 
solution  of  nnc-chloridn — wmetimei  inunsdiUelj,  bob 
of  the  diammoniai»l  componnd.  Botli  the  pncedin; 
bealed,  ffire  off  ammonia,  and  le»Te  *  rleur  liquid,  vhti 
imprrfDelly  crfsUllioe  maw  of  the  componnd  ZoCl'.N. 
at  a  red  heat,  and  is  reaolTed  by  water  into  Einc  ammoi 
an  oiychloride,  ZnCl'.eZnO.BH'O.    (Kane.) 

B.  With  Alkaline  Chloride!.— Zinc-chloride  imi 
■mraoniumH^liloride.— The  salt  2NH'CLZnCl'  is  prodni 
at  a  gentle  heat,  io  oqueoni  lal-animomac,  oi  I  pt.  sine 
in  Btruns  hydrochloric  acid;  it  cr;(rtAl!iBas  on  erapcffa 
in  largo  lamine  contaiuing  1  at.  water  of  ctjutalliaMio: 
9-28  pu.  lioiliug  iralsr.  The  dry  aalt  is  resolred  bj  be 
chtonde.  RammeliberK  (Fo^.  Adq.  xdr.  507)  obi 
auhj'drouB  rhombic  crrBlals,  by  eyspomtiug  a  mixed 
ammouium-chloride— Marignac  (Ann.  Miu.  [b],  xi 
BolulioQ  (^utHiniug  about  2  at.  BBl-amnioniac  to  I  at.  i 
3NIl'Cl.ZnCl".  the  mother-liquor  of  which  dopoaited  rhi 
nail,  2NH'C1.ZdC1".— The  Bait  KH'Cl^nCi'  crjBlalljefli 
amnionioc  and  2  pta.  Qoc-chloride,  in  euailj  H>lnbl«  ih 
WBtcr  (Hnuiz,  Ann.  Ch,  Pharm.  liTJ.  287).  A  conrei 
chloride  of  UDC  and  ammoniam  ia  naetl  to  ramore  thefl] 
metulB,  inch  as  zinc,  iron,  or  copper,  which  are  to  be  un 

Ziaco-potauic  chtoridt,  2KCl.ZaCl',  forma  rhoinbi< 
S'!9T,  iaomorphouB  with  the  Bimilarly  conatituted  anmx 
mnro  deliquiwont  than  the  Utter  (Marignftc). — Znt 
3II'U,  cijMlikllisos  in  amftll  very  deliqueecect  necdlea 
Bj-Btem.     (Murignac.) 

7.  With  Zinc-oxide.— When  aqaeonaQDc-chlonde I 
the  clilorina  oacapes  aa  hydmchloric  ncid,  and  the  residm 
baBicrhlorideof  line,  only  putlyBolnbleiQ  water. — 
or  ZuCI=.3/inO.*H'0,  is  obtained  by  boiling  a  Btrong 
sinc-oiidp,  or  by  precipitating  the  aolutioa  with  an  ini 
niHl  digeating  the  precipitate  with  the  liquid :  it  forma 
A  Boft.whitc  powder,  and  giTes  offhalf  its  water  at  101 

"- "  ■■- '--  '  V "'"  """"  "  — 

'e  part  of  the  precipilBlD.  Itiaawl 
and  giring  oEThalf  its  combined  water  at  100°.— Zn>%l'< 
TcmainB  as  a  white  insoluble  powder,  when  a  Bolulion 
to  a  ayrup,  and  then  trealed  with  water.  The  same 
combi'uatiou  with  UHK),  on  mixing  a  aolution  of  lii 
potash  juet  sufficient  to  prodace  an  alkalinp  reaction. 

Persoz  (CompU  reni  It.  810)  uses  a  biiBic  eolution 
boiling  a  solution  of  the  neutral  dilorido  of  about  I-7O 
Ficeaa  of  zinc-oiide),  far  dissolving  Bilk,  and  separatii 
fibres. 

When  linc-oiide  is  boiled  with  a  Btrong  Bolntion  of  i 
tiona,  a  plnatic  DiasB  iB  obtained,  which,  sfler  a  while,  I: 
used  for  taking  cmU.  A  cement,  prepared  by  widi 
glass-powder  to  SO  pts.  of  a  tolntion  of  nne-cblnride  of 
I  pt.  of  bomi  disBolTMl  ia  the  amallcst  pooaiblc  quai 
Paris  for  itopping  teeth,  and  for  making  artificial  ti-elh 
c1.  7S).  An  DiychloTide  of  cine,  prepared  by  a  similar  ] 
paint  for  wood,  paper,  Blone,  or  metal.  It  dries  quicklj 
(So  re  I,) 

UVO,  OTAJnsa  or.    Soo  CTunnu  (ii.  274). 


eZnO.l  011*0,  is  formed  by  the  action  of  water  0 
*  Nll'.ZnCl*  (vid.  tup.),  or  by  precipitating  linc-chloric 
sufficient  to  redisBoIre  -      ■  -'-■-    '"' ''' ' 


tinna. — All  linc-eompotindB,  when  bpnlnl  with  tndivin 
gireanincraatatian  of  ancKiiids.  which  isyotlow  while  I 
ins  ;  it  ia  not  ToUtile  in  Ihe  outur  flame.  Wilh  U.r,ir.  c 
either  6ame  a  bead,  which  is  yellowish  while  hi>t,ithitr  1 
linc-aalt  is  prrsenL  If  the  eolourleu  iH-ad  or  (he  « 
wilh  a  dilute  (olulion  of  teiall-nilratt,  and  strongly  he 
gnen  colow  is  produced. 
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non-sponUBeonslj  inHamiiiable  phosphorotted  hydrogon. — ^SSnc-oxidc,  ignited  in 
phosphortis-Tapoiir,  foims  a  black  crystalline  mass,  together  with  a  red  phoiplude  of 
zinc  The  black  Baas  boiled  with  hydzochloric  add,  left  a  grey  crystalline  povder, 
probably  conaiyting  of  ZnP*. 

XnrCf  •a&BVZBB  or.  Formed  by  paasing  selenium-Tapopr  orer  red-hot 
line  It  is  a  lemon-yellow  pulTemlent  body,  ftom  which  nitric  acid  diaaolras  the 
zinc,  and  at  first  separates  the  selenium,  but  on  prolonged  action  dissolTca  it  as  sele- 
nious  acid.    (Berselius.) 

rc.  8S&BSXOCTAVATB  OV.     See  SELsnocTAKATBS  (p.  220). 
rc«  SZ&ICOV&VOXXSB  or.    See  SnjooFLVO&ims  (p.  273). 

rc.  mumoxmrn  or.   (See  p.  1072.) 

rCf  mmuWmXDmm  or.    Of  these  compounds,  the  best  known  is  that  which 
corresponds  to  the  oxide.    According  to  Schiff,  there  is  also  a  pentaanlphide,  ZnS*. 
The protosulphide,  ZnS,  occurs  native  as  blende,  in  monometric  forms,  m. 

obO  (Jff,  178,  Cetstaxxoobafbt,  iL  124) ;    +  9  (fy,  189);  the  same  with  the  two 

^  O 

tetrahedrons  equally  dereloped,  forming  a  regular  octahedron  (^.  172) ;  and  ^    •  °^ 

(fy.  203);  also  twins  Ukefy.  319  (ii.  160),  and  others;  clearape  perfect  pandlelto 
ocO.  The  mineral  likewise  occurs  in  botryoidal  and  other  imitative  shapes,  and 
massire,  compact.  Hardness  »  3'5  to  4.  Specific  gravity  »  3*9  to  4'2.  Trans- 
parent to  translucenL  Lustre  resinous  to  adamantine.  Colour  brown^  yellow,  black, 
red,  green,  white,  or  yellow  when  pure.  Streak  white  to  reddish- brown.  PractoTB 
conchoidal.     Brittle. 

Analyses. — a.  Franklin,  New  Jersey:  colourless,  transparent  (Henry).* — b.  Qaas- 
thal:  crystallised,  black  (Kuhle man n). — c.  Kaibl,  Carinthia :  scaly  (Keraten).— 
d.  Przibram,  Bohemia:  radiate  (Lowe). — e.  Eaton,  New  Hampshire  (Jackson).— 
.  Shelbume,  New  Hampshire  (Jackson).— ^.  Christiania:  black-lnown,  radiite 
(Scheerer). — h.  Marmato,  near  Popayan,  South  America:  marmatite:  black  (Bom- 
si  ngault). — t.  Bottino,  near  Serrayezza,  Tuscany :  massive  (Bechi)  : 

4.  e.  f.  n.  h.  t 

8fe 


Sulphur               .        .    Ztn  S3-04  82-10  33*75  l^n  32-6  SS'TS 

Zinc     ....    67*46  CA'SS  64*^2  CtrGi  63-62  52*0  S3*  17        61*95       48*11 

Cadicium 0*79  trace  1*78  0*60  32 

Iron I  18  l'3i    220  3*10  11*8  1«*M        14-W        I6*g 

Copper 0*18         0^2       Sl9-35      100-M       99*1        99*43      lOOtlO       97*99 

Antlooonj    .        .       ..    .    .  O-es         O-Hpf 

99'6(»      10M6       99-16 

Blende  occurs  in  both  crystalline  and  sedimentary  rocks,  and  is  usually  associated 
with  galena ;  also  with  heavy  spar,  copper-pyrites,  spathic  iron,  and  frequently  in 
silver-mines.  Derbyshire,  Cumberland,  and  Cornwall  afibrd  the  black  varieties  called 
bUtck  jack;  also  I^ransylvania,  Hungary,  and  the  Han.  Sala  in  Sweden,  Katie- 
borzit2  in  Bohemia,  and  many  Saxon  localities,  afford  splendid  black  and  brovn 
crystals. 

Zinc-sulphide  cannot  be  formed  by  fusing  sulphur  and  zinc  together,  beeanse  the 
sulphur  volatilises  before  combination  can  take  place ;  but  it  is  produced,  with  detona- 
tion, when  -zinc-filings  are  heated  with  cinnabar  or  potassium-sulphide.  It  is  likewise 
obtained  by  heating  zinc-oxide  with  sulphur  alone,  or  with  sulphur  and  charcoal ;  \sj 
heating  zinc-oxide  or  the  hydrated  sulphide  in  a  stream  of  sulphydric  acid  gas ;  aiui, 
finally,  by  reducing  zinc-sulphate  with  sulphur  or  charooaL  When  prepared  by 
either  of  these  methods,  it  is  a  white  or  yellowish  powder,  of  specific  gravi^  3*92 :  it 
melts  at  a  very  high  temperature,  and  volatilises  only  at  a  white  heat. 

Crystallised  zinc-sulphide  is  easily  oxidised  by  f^ision  with  nitre;  slowly,  but  com- 
pletely, when  heated  in  contact  with  the  air :  acids  decompose  it  slowly,  with  evolu- 
tion of  sulphydric  acid.  The  amorphous  sulphide  is  decomposed  by  atmospheric 
oxidation,  or  by  acids,  more  quickly  than  the  crystallised  sulphide. 

The  hydrated  sviphide,  ZnS.HK),  obtained  by  precipitation  (p.  1071),  and  dried  at 
100^,  is  a  white  powder,  which,  when  more  strongly  heated,  gives  off  its  water  and 
turns  yellowish.  It  oxidises  quickly  on  exposure  to  the  air,  and  dissolves  easily  in 
dilute  mineral  adds,  slightly  in  a  large  excess  of  acetic  acid.    (Wackenroder.) 

Oxysvlpkides. — ^^^c-sulphide,  when  dried  in  the  air,  generally  contains  a  small 
quantity  of  oxide.  Oxysulphides  of  zinc  are  found  in  furnace-flues.  K erst  en 
(Schw.  J.  Ivii.  186)  found  one  in  a  furnace  at  Freiberg,  having  the  compositkm 
Zn0.4ZnS ;  the  anc-oxide  was  not  dissolved  out  of  it  by  acetic  acid.    The  same  com- 

*  For  references,  see  Rammeliberg*!  Mhurakkemk,  p.  46.  f  LsmL 
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13.  Carhonk  ditulphiJt  onltes  with  linc^thyl,  fonnin 
lu  a  brovD  shining  masB,  which  pvea  off  eulphida  of  a 
(Qrabowski,  Ann.  Ch,  Pharm.  nuviii.  IBS  ;  Jahresh 
Une-mst&rl,  or  Xlnomstblae,  Zu(CH*)'.— Thi* 
Franklaod  in  1849,  is  formed  bj  boating  inBthjIie  iodid 
1S0°  ;  but  Ibe  melbad  is  not  advantageoiu,  since  a  Li: 
formed,  asd  eaonpee  forcibly  on  opening  the  tub«,  tarr 
The  prepHTBtion  ib  greatly  facilitated  by  mixing  lh«  met 
itK  bulk  of  elhcr,  and  beating  to  1  Ua°  in  th«  ropper  Bppi 
ot!incclhjl(p.  1076).  On  rectifting  the  product,  aliq 
consisting  of  ziac-mptbyl,  miied  of  cumbined  with  et 
Zn(CH')-  to  1  at.  (C'H'J'O.— When  melhvlic  eliier,  com 
itead  of  ethylic  ether  to  dllnle  the  metbylir  iodide,  a  lii 
obtained,  consisting  nearly  of  2  at.  Zn(CH')'  to  I  at.  ( 
nor  the  metbylic  ether  can  be  srpHrateil  from  the  dnC-Dii 
Fharm.  cii.  62).  Pure  linc-methyl  mnj,  howerrr,  bo  • 
linc-methyl  sod  ethylic  ether  just  mentioned,  by  enclosii 
and  oiethylic  iodide,  heating  the  miilure  to  100',  and  d 
tillata  coDlaina  a  l^^r  proportion  of  zinc-melhyl  than 
repeating  the  procpea  a  certain  nnmber  of  times,  nearly 
(Wsnklyn,  Chem.  Sor.  Qu.  J.  ziii.  134).  According  1 
however  |CheiD.  Soc.  J.  nil.  30),  the  best  muds  of  jmf 
heat  flnely-granulated  linc  with  half  its  Tolnme  of  men 
to  120°  for  24  boon,  and  distil  off  the  product. 

Zinc-methyl  is  a  colourless  liquid,  of  specific  gravity  I 
Blanllyat  46°(FranklaDdMndDuppa).  Vapour-densit 
3'266.  The  Toponr  bear*  a  temperature  of  S00°  vitho 
it  decomposes,  with  soparatioD  of  ainc  and  gnscous  hydj 

Zinc-methyl  takes  fire  immediately  in  eonlnct  with  tl 
greenish-bine  fiame ;  in  oiygen-gaa  it  btims  with  nipli 
Tapour  miiod  with  combustible  gases  render  Ihem  epon 

In  its  chemical  reactions,  rioc-m ethyl  eihibila  for  thi 
irtncelhyl ;  in  some  csbps,  however,  differences  are  obser 
dride  (lii.  1003;  iv.225).—  frcrrfl- decomposes  aac-mgl 
gas  (methylic  hydrrd>),  and  separation  of  elnc-h\drata. 

With  i:»oridt  of  Unit,  nnc-methyl  forms  plnmbic  i 
chloride,  with  separation  of  lead.    (B  nttlerow,  Bnll. 

An  ethereal  solution  of  linc-methyl  added  to  indide 
ilhid',  SniXC*!!')'!',  forms  iodide  of  zinc  aod  stannic  elh 

VfitbvUTevrix:  ctil/rrrthide,  tine-methyl  appears  to  fom 
ethylomethide,  Hg(C'H')(Cn'),  which  however  is  retolT 
mercuric  ethide  and  mercuric  methide. 

Antimonic  di-iodcirimelhidr.  Sb(CH')1',  acts  strong; 
linc-melhyl,  forming  ant  imon ions  methide  (stibmethyl), 
tsmethide,  Sb(CH>)>,  which  cannot  be  completely  » 
(Buckton.  Chem.  Soc.  Ou.  J.  liii.  116.) 

With  chloride  nfacttgl  and  its  homolngun,  linc-mol 
In^  ucfllones  or  tertiuT  alcohols,  according  aa  Iht  prodi 
with  water  immediately,  or  alter  some  time  only.  In 
the  product  formed  in  the  first  case  is  ordinary  acetone, 
but  when  the  liquid  formed  bj  grailuallj  adding  1  Bt.cl 
methyl,  is  lefl  to  itself  for  a  few  hours,  it  solidifloB  to  lar 
pound  CH"Zn"OCl  .  CH'OCl  ■  2Zn(CH'}".  The  ; 
t*ke  place  in  the  manner  represented  by  the  eqnalioa 
(CH'Zn)^(°  +  <CH'Zn)-Cl,  inasmuch  as  the  crysUls 
wsolved  into  marsh-gas,  linc-hydoHe,  linc-chloridr,  ao 
methyl-carbinol) ; 

cS\<>  *  CH-Z.C1  ♦  mv  .  ^n-l'jo 

With  chloride  qf   butyryl,  in  like  manaer,  line-meth 
tJjyl,   C'H'OCH",  ot  terliarr  oetylie  alcohol   (propyl 

qCH^)(™.,.[o  3,„„„„,  ^,^,  „  ^^ 

ISM.p.  49e;BiilI.8oe.Chim.  IMfl.  t,  17;  Jahresb.  Iflf 
With  cUoridta/carbonst  (pho^«B«).  nnc- methyl  fom 
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l>een  shown,  by  recent  experiments  of  Hermann  (Bull.  Soc.  Chim.  1866,  ii.  S86)  to 
be  free  from  it. 

MetallicEirconium  is  capable,  like  silicimn,  of  existing  in  three  states — amor- 
phous, crystalline,  and  graphitoidal. — Amorphous  jeirconium  was  obtained  by  Bercelius 
(in  1824),  in  the  same  manner  as  amorphous  silicium  and  boron — namely,  by  heating 
a  mixture  of  potassio-sirconic  fluoride  with  potassium,  digesting  the  fused  mass  with 
water  containing  a  little  hydrochloric  acid,  and  washing  the  metal  which  remains 
undissolved  with  sal-ammoniac  solution,  and  then  with  alcohol.  It  may  also  be  pre* 
pared  by  passing  chloride  of  zirconium  in  vapour  over  sodium  contained  in  a  red-hot 
porcelain  tube,  or  by  heating  sodio-zirconic  chloride  in  a  crucible  with  sodium  or  mag- 
nesium (Troost,  Compt.  rend.lxi.  109  ;  Bull.  Soc.  Chim.  1866,  i.  213).  Zirconium 
thus  obtained  is  an  amorphous  powder,  compressible  under  the  burnisher  into  thin, 
faintly  lustrous,  graphitic  laminae.  In  the  unignited  state  it  diffuses  itself  through 
water  in  extremely  fine  particles,  which  pass  through  a  filter ;  but  it  settles  down  slowly 
on  standing,  more  quicKly  on  addition  of  acids  or  salts.  It  does  not  conduct  electricity, 
is  not  altered  by  ignition  in  hydrogen  ;  but  if  it  be  then  brought  in  contact  with  the 
air,  after  cooling,  the  metal  becomes  heated  to  redness,  in  consequence  of  the  heat 
evolved  by  the  absorption  of  the  air.  When  heated  in  the  air,  it  takes  fire  at  a  heat 
considerably  below  mlness,  and  bums  with  a  bright  light,  forming  rirconia.  It  is 
but  little  attacked  by  the  ordinary  acids,  or  by  nitromunatic  acid ;  but  hydrofluoric 
acid  dissolves  it  readily,  with  evolution  of  hydrogen,  and  a  mixture  of  hydrofluoric 
and  nitric  acids  attacks  it  very  energetically. 

Crystalline  girconium  is  prepared  by  heating  1  pt.  of  potassio-zireonie  fluoride  with 
1^  pt.  aluminium  in  a  plimibago  crucible,  to  the  melting-point  of  iron.  When  the 
crucible  has  cooled,  the  surface  of  the  aluminium  is  found  to  be  covered  with  foliated  crys- 
talline laminae,  consisting  of  nearlv  pure  zirconium,  which  mavbe  separated  by  disaolving 
out  the  aluminium  with  hydrochloric  acid.  Crystalline  zirconium  thus  obtained  is 
very  hard,  and  resembles  antimony  in  colour,  lustre,  and  brittleness.  It  crystallises 
in  broad  laminae,  apparently  derived  from  a  monoclinic  prism.  Specific  grarity  «■ 
4*15.  It  is  less  fusible  than  silicium,  and  bums  only  at  tne  temperature  of  the  oxy- 
hydrogen-blowpipe.  It  takes  fire  at  a  red  heat  in  chlorine-gas,  and  decomposes 
hvdrochloric  acid  gas  at  the  same  temperature.  It  is  but  slowly  attacked  by  sul- 
phuric, nitric,  or  hydrochloric  acid,  even  when  heated ;  hot  nitromuriatic  add  attacks 
It  rapidly ;  hydrofluoric  acid  also  dissolves  it  readily,  even  in  the  cold.    (Troost.) 

Grapkii&idal  girconium  appears  to  be  formed  only  under  peculiar  circumstances. 
Troost,  in  attempting  to  decompose  zirconate  of  sodium  with  iron,  obtained  airconinm 
in  small  very  light  scales,  of  a  steel-grey  colour. 

Zirconium  is  a  tetratomic  element,  like  silicium,  its  oxide  being  ZrO',  the  chloride 
ZrCl^  &c  It  forms  but  one  class  of  compounds  with  chlorous  elements.  The  oxide 
18  capable  of  acting  both  as  a  base  and  as  an  acid. 

XncO  M I U  My  8SOMZBB  OV.  A  solution  of  zirconium -hydrate  in  hydro- 
bromic  acid  leaves,  on  eyaporation,  a  hydrated  bromide  in  crystalline  grains,  iniich 
are  resolved  by  heat  into  zirconia  and  hydrobromic  acid.    (Berzelius.) 

ZZSCOJilllM,  CK&O&ZBB  Ol*.  ZiCi*. — This  compound  is  formed,  with  in- 
candescence, when  zirconium  is  heated  in  chlorine-gas  ;  also  by  heating  a  mixture  of 
sircon  or  rirconia  with  charcoal,  in  a  stream  of  dry  chlorine,  in  which  case  it  collects  in 
the  cooler  part  of  the  apparatus  as  a  white  sublimate.  Its  vapour-density,  as  determined 
by  Doville  and  Troost  (Ann.  Ch.  Pharm.  cv.  213),  is  8'15 ;  by  calculation  from  the 
formula,  ZrCl^,  for  a  two-volume  condensation,  it  is  8*0.  The  chloride  dissolves  easily, 
and  with  rise  of  temperature,  in  water. 

A  hydrated  chlande  is  obtained,  by  evaporating  a  solution  of  rireonic  hydrate  in 
hydrochloric  acid,  in  colourless  silky  needles,  having  an  astringent  taste,  easily  soluble 
in  water  and  in  alcohol,  sparingly  soluble  in  concentrated  hydrochloric  acid.  (Berze- 
lius.) 

These  crystals  become  o^que  at  SO**,  giving  off  part  of  their  water  and  half  their 
hydrochloric  acid,  and  leaving  a  basic  chloride  or  oxychloride  containing  ZrCl*.ZrO«. 
18H'0,  or  ZrOCl'.9H»0.  The  same  compound  is  obtained,  in  stellate  groups  of  white 
silky  prisms,  on  evaporating  the  aqueous  solution  of  zirconium-chloride.  These  crystals, 
when  heated,  become  white  and  turbid,  and  are  converted  into  the  anhydrous  dioxy- 
chloride  ZrCl«.2ZrO«.    (Hermann.) 

XntCOWnrMf  pwrwcnOW  AMB  BSTXXATZOW  of.  The  reactions 
1^  zirconium-salts  with  alkalis,  alkaline  carbonates,  and  ammonium-sulphide  are  very 
similar  to  those  of  thorinum,  yttrium,  and  the  metals  of  the  cerium-group.  The  precipitate 
fSormed  by  caustic  alkalis  and  ammonia  contains  alkali,  and  is  insoluble  in  exccsN  of 
the  reagent  (distinctiofO  Arom  aluminium  and  glucinum),  also  in  sal-ammoniac.  The 
precipiute  fomied  hj  alkaline  carbonates  and  bicarbonatts  redissolyes  in  ascees  of  the 
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fluozirconatos  haTe  been  examined  chieflj  by  Marignac.  (Ann.  Ch.  Phjs.  [3],  Ix. 
267  ;  Ann.  Ch.  Phann,  cxv.  369  ;  Jahresb.  1860,  p.  136,  ei  sef.) 

The  fluozirconates  are  mostly  soluble  in  water,  and  crystallise  well.  They  are  pre- 
pared by  mixing  the  component  fluorides,  or  by  dissolving  a  metallic  oxide  or  carbonate 
in  a  mixture  of  zirconium-fluoride  and  hydrofluoric  acid. 

The  fluozirconates  of  barium,  strontium,  and  calcium  are  insoluble  in  water ;  conse- 
quently the  solutions  of  fluozirconates  are  precipitated  by  salts  of  these  metals.  Whf-n 
a  solution  of  zirconium-fluoride  containing  free  hydrofluoric  acid  is  mixed  with  carbo- 
nate of  barium,  carbonic  anhydride  is  expelled,  and  a  precipitate  is  formed,  consisting 
of  a  mixture  of  insoluble  barium-zirconium  fluoride  with  insoluble  barium-fluoride ; 
similarly  with  the  carbonates  of  strontium  and  calcium. 

Many  fluozirconates  dissolve  without  decomposition  in  water,  either  hot  or  cold. 
Many  are  decomposed  when  their  aqueous  solutions  are  boiled,  part  of  the  basic  metal- 
lic fluoride  being  deposited,  and  a  fluozirconate  containing  2MF.ZrF^  remaining  in 
solution.  Most  fluozirconates,  when  heated  in  contact  with  moist  air,  give  oflf  all  their 
fluorine  as  hydrofluoric  acid,  leaving  a  mixture  of  zirconia  and  the  oxide  of  the  other 
metal ;  when  heated  with  a  sufficient  quantity  of  sulphuric  acid,  they  yield  a  mixture 
of  zirconium-sulphate  with  the  sulphate  of  the  other  metal. 

Fluozirconates  of  Ammonium, — The  diammonic  saltf  2(NH*)F.ZrF\  forms 
rhombic  crystals,  isomorphous  with  the  potassium-salt :  they  do  not  lose  weight  at 
100°. — The  triammonic  salty  3(NH*)F.ZrF*,  crystallises  from  a  solution  containing  a 
large  excess  of  ammonium-fluoride,  in  regular  cubo-octahedrons. 

Barium-salt.  A  solution  of  the  potassium-salt,  mixed  with  chloride  of  barium, 
yields  a  white  precipitate,  consisting  of  3BaT'.221rF*.2H''0,  or  perhaps  a  mixture  of 
this  salt  with  barium-fluoride. 

Cadmium- salt 8.— The dicadmic  salt,  2CdF*.ZrF*.6H'0,  forms monodinic  crystals 
isomorphous  with  the  manganese-salt,  and  having  the  angle  odP  :  ooP  =  ^9'^  31'; 
+  P  :  -»-P  -  100^  30';  +2P  :  +2P  -  76<>  24';  oP  :  ooP  =  108<>  2^ ;  oP  : 
ooPoo  »  119^  43';  the  same  crystals  are  obtained  by  recrystallisation  from  water. 
A  solution  containing  excess  of  zirconium-fluoride  deposits  the  salt  CdF'.2ZrF*.6HK), 
in  fan-shaped  groups  of  laminar  crystals. 

Copper-salts. — The  tricupric  salt,  3CuF'.2ZrF*.16H*0,  forms  monoclinie  crystals, 
and  crystallises  unaltered  from  solution  in  water ;  but  a  solution  containing  excess  of 
zirconium-fluoride  deposits,  besides  the  larger  crystals  of  this  salt^  light-blue  crusts  of 
zirconium-fluoride  contaminated  with  adhering  copper-salt. 

Lead-salt. — When  a  solution  of  zirconium-fluoride  in  hydrofluoric  acid  is  satu- 
rated with  carbonate  of  lead,  fluozirconate  of  lead  partly  remains  undissolved  and 
partly  dissolves,  the  solution  yielding  on  evaporation  a  gninulo-crystalline  salt,  which 
is  Quicklv  decomposed  by  water,  especially  in  presence  of  hydrofluoric  acid,  with  sepa- 
ration of  lead-fluoride. 

Magnesium-fluoeirconate,  MgF'.ZrF^  forms  small  shining  crystals  with  curved 
faces,  isomorphous  with  the  manganese-salt.  It  is  only  sparingly  soluble  in  water, 
but  crystallises  by  slow  evaporation,  often  in  twins.  By  prolonged  heating  in  contact 
with  the  air,  it  is  converted  into  magnesia  and  fluoride  of  zirconium. 

Manganese- salt 8. — The  monomanganous  salt,  MnF'.ZnF^.SH'O,  forms  mono- 
clinic  cr}-stals,  isomorphous  with  the  magnesium-salt,  but  the  faces  are  flat  and  more 
numerous:  the  crystals  cleave  impi'rfectly  parallel  to  oP.  By  prolonged  heating  in 
the  air  it  turns  black,  and  is  converted  into  manganic  peroxide  and  zirconium-fluoride. 
— A  solution  containing  excess  of  zirconium-fluoride  yields  rose-coloured  monoclinie 
crystals  of  the  dimanganous  salt,  2MnF'.ZrF*. 611^0,  which  dissolves  in  water  without 
alteration,  and  is  not  decomposed  even  on  heating  the  solution ;  but  when  hot  water 
is  poured  upon  the  crystals,  fluoride  of  manganese  separates,  and  the  solution  yields  by 
evaporation  crystals  of  the  preceding  salt. 

Nickel-salts. — The  normal  salt,  NiF*.ZrF*.6n»0,  forms  hexagonal  prisms,  ter- 
minated by  faces  of  a  rhombohedron  of  127®  10',  and  cleaving  parallel  to  tne  prismatic 
faces. — The  salt  2NiF'.ZrF*.12H-0,  produced  in  presence  of  an  excess  of  nickel -fluo- 
ride, forms  monoclinie  crystals  of  a  nne  emerald-green  colour,  .but  mostly  indistinct : 
they  dissolve  without  decomp(«ition  in  water,  but  the  solution,  when  boiled  for  some 
time,  becomes  turbid  from  separation  of  nickel-fluoride. 

Fluozirconate  of  NiikH  and  Pbtassium,  NiP.2KF.2ZrF*.8n*0,  separates  in  small 
but  regular  monoclinie  ciystals,  on  mixing  the  solutions  of  the  component  fluozirco- 
nates. It  is  slightly  soluble  in  water,  does  not  lose  water  at  100^,  but  at  a  higher 
temperature  gives  oif  water,  together  with  hydrofluoric  acid. 

Potas$ium-$alt$, — The  dipotasiic  salt^  2KFJZjcF\  may  b«  prepared  by  igniting 
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other  methods  of  separation,  see  Handw.  d.  Chem.  ix.  1059 ;  Gmelin'a  Handbook, 

iii.  340.] 

Marignac  decomposes  zircon  by  ignition  with  hydrogen-ammcninm-flnoride  in  the 
manner  already  described  (p.  1081),  heats  the  fluonrctmate  of  poCaaaiimi  thereby 
obtained  with  strong  sulphuric  acid,  and  washes  the  strongly  ignited  reoidna  with 
boiling  water ;  pure  zirconia  then  remains  behind. 

Zirconia,  according  to  the  mode  in  which  it  has  been  prepared,  fonna  a  white,  taste- 
less, inodorous  powder,  or  hard  lumps  of  specific  gravity  4*36  to  4*9,  which  scratch 
glass  and  give  sparks  with  steel.  Deville  and  Garon  (Ann.  Ch.  Phann.  criii.  56^ 
by  igniting  fluoride  of  zirconium  with  borax  in  a  domd  cmcible  lined  with  charcoal, 
obtained  zirconia  in  dendritic  groups  of  small  crystals  resembling  sal-ammoniac. 
When  zirconia  is  fused  with  borax  in  a  pottery-furnace,  and  the  residue  exhausted 
with  hydrochloric  acid,  the  zirconia  remains  in  transparent,  coloorleas,  microeoopic, 
quadratic  prisms,  isomorphous  with  tinstone  and  mtile,  haTing  a  specific  grarity  of 
6'71to5-72,  and  capable  of  polarising  light.  ^Nordenskjold,  Fogg.  Ann.  cxir.  612.) 

When  zirconia,  prepared  at  the  lowest  possible  temperature,  is  heated  to  commencing 
redness,  it  glows  brightly,  becomes  dense,  and  is  afterwards  insoluble  in  ordinary 
acids,  dissolves  with  difficiilty  even  in  hydrofluoric  acid,  and  can  be  dissolved  only  by 
strong  sulphuric  acid,  the  finelypulverised  earth  being  heated  with  a  mixture  of  2  pta. 
oil  of  vitriol  and  1  pt.  water.  By  i^ition  with  charcoal  in  a  stream  of  chlorine,  zir- 
conia is  converted  into  chloride  of  zirconium. 

Hydrate  of  Zirconia^  or  Hydrate  of  Zirconium^  is  precipitated  from  zireoninm-salts  by 
ammonia.  When  recently  precipitated,  it  is  a  white  bulky  jelly,  but  shrinks  in  drying 
into  a  yellowish,  translucent,  gummy  mass,  having  a  oonchoi'dal  fracture.  T^e  dry 
hydrate  has,  according  to  Berzelius,  the  compoBiti<m,  2ir*»H*0*  «  ZrO*.H*0 ;  accord 
ing  to  Hermann,  the  hydrate  dried  at  17°,  is  Zr»'H«0*  -  ZrO*.2H*0.  (That  obtained 
by  Berzelius  was  probably  dried  at  a  higher  temperature.)  When  ignited,  it  leaves 
pure  zirconia.  It  dissolves  in  5,000  pts.  of  water ;  the  solution  reddens  tnrmerio- 
paper.    ^Brush.) 

Zirconia  acts  both  as  a  base  and  as  an  acid:  hence  called  zirconic  acid.  The 
hydrate,  when  precipitated  in  the  cold  and  washed  with  cold  water,  dissolves  easily  in 
acids :  if  precipitated  firom  hot  solution,  or  washed  with  hot  water,  it  dissolves  only 
in  concentrated  acids.  The  saturated  solutions  have  an  astringent  sour  taste,  and 
redden  litmus.     [For  their  behaviour  with  reagents,  see  p.  1 080.] 

Ziroonates. — Compounds  of  zirconia  with  the  stronger  bases  are  obtained  by 
precipitating  a  zirconium -salt  with  potash  or  soda ;  also  by  igniting  zirconia  with  an 
alkaline  hydrate.  Zirconate  of  potassium  thus  obtained,  dissolves  completely  in  water. 

Sodium-salts.^-a.  Disodie  Zirconate,  Na*ZrO«  =  Na'CZrO*,  is  easilv  obtained,  by 
igniting  zirconia  with  carbonate  of  sodium,  as  a  crystalline  mass  which  is  gradually 
decomposed  by  water,  with  separation  ^  of  amorphous  zirconia. — fi.  When  zirconia  is 
heated  to  whiteness  for  a  considerable  time  with  excess  of  sodium-carbonate,  2  at.  car- 
bonic anhydride  are  evolved  to  1  at.  zirconia,  and  the  salt  Na*&0*  —  2Na*O.ZrO* 
IS  produced.  The  fused  mass  treated  with  water,  leaves  small  hexagonal  lamine  of 
the  following  salt.--7.  An  acid  Bali,  Na«0.8ZrO«.12H«0,  is  obtained  as  just  described, 
or  by  fusing  pulverised  zircon  with  excess  of  sodic  carbonate,  and  treating  the  mass 
with  water  containing  hydrochloric  acid.  It  forms  hexagonal  tables,  sometimes  aggre- 
gated in  groups  like  those  of  clinochlore.  (Hiortdahl,  Ann.  Ch.  Fhaim.  cxxxvii. 
24,  236 ;  Jahresb.  1865,  p.  185.) 

Calcium-salt. — Zirconate  of  calcium  is  obtained  by  heating  a  mixture  of  silica  aod 
zirconia  (in  the  proportions  to  form  zircon)  with  excess  of  c^ciuro-chloride  to  bright 
redness  for  five  or  six  hours,  and  treating  the  product  with  hydrochloric  acid.  The 
zirconate  then  separates  as  a  shining  crystalline  powder,  together  with  flocculent  silica 
and  amorphous  zirconia.     (Hiortdahl.) 

Zirconate  of  MagneMum  is  obtained  by  placing  a  mixture  of  silica  and  zirconia, 
together  with  excess  of  magnesium-chloride,  in  a  platinum  cmcible,  the  bottom  of 
which  is  covered  with  sal-ammoniac,  heating  the  mixture  quickly  to  whiteness,  and 
continuing  the  heat  for  an  hour.  On  treating  the  cooled  mass  with  water  containing 
hydrochloric  add,  a  crystalline  powder  is  deposited,  consisting  of  distinct  octahedrons 
of  peridase  and  prismatic  crystals  of  magnesmm-zirconate.    (H  i  o rtdah  1.) 

xnuJOHIUM,  OZTOS&OSZBSS  OV«  See  Zirconium,  Chlobidb  or  (p.  1080). 

UXCOJilllMf  SUI>raZBB  OF.  Formed  by  heating  zirconium  with  sulphur 
in  a  vacuum  or  in  hydrogen-gas,  the  combination  in  the  latter  case  being  attended  with 
slight  incandescence.  I&rk  cinnamon-brown  powder,  acquiring  metallic  lustre  under 
the  burnisher ;  not  altered  by  water,  dilute  acids  (even  nitric  acid),  or  aqueous  alka- 
lis ;  slowly  dissolved  by  nitxomuriatic  acid ;  easily  decomposed  by  hydrofluoric  acid. 
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ZymtqueSf  or  AnaSrobies. — Names  applied  by  Pasteur 
to  the  infusoria  which  act  as  ferments  only  when  the  air  is  excluded, — those  which 
require  the  presence  of  air  to  induce  their  action  being  distinguished  as  Azymiques  ur 
Aerolnea, 

XTBBOim  (from  C^/iiv,  yeast,  or  ferment). — An  old  name  for  the  portion  of 
ghiten  which  is  insoluble  in  alcohol. 

ZTMOSCOPB.  An  instrument  contrived  byZenneck  (Bnchn.  Repert.  lix.  204 ), 
for  testing  the  fermenting  power  of  yeast,  by  bringing  it  in  contact  with  sugar-water, 
and  observing  the  quantity  of  carbonic  anhydride  evolyed. 

ZTBKiratGT.  A  name  applied  to  that  department  of  technological  chemistiy 
which  treats  of  the  scientific  principles  of  wine-making,  browing,  distilling,  and  the 
preparation  of  yeast  and  vinegar, — processes  in  which  fermentation  plays  the  principal 
part. 
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—■The  hi/drocMoraie,  C'*H*»N*.2HC1,  crystallises  in  slender  needles,  soluble  in  amylie 
alcohol,  insoluble  in  ether ;  from  its  dilute  aqueous  solution,  caustic  soda,  sodium-car- 
bonate, ammonia,  and  lime-water  throw  down  crystalline  aribine. — The  chhrcvlati- 
nate,  C«*H»N<.2HCLPtCl*,  is  precipitated  in  pale-yellow  needles.— The  neutnd  «J- 
phate^  C'H*N\fl*SO*,  is  obtained  by  decomposing  the  hydrochlorate  with  sulphate  of 
silver.— The  acid  sulphate,  C"H*'N\2H'S0*,  is  formed  by  treating  aribine  with  excess 
of  sulphuric  acid. 

Aribine,  heated  with  iodide  of  ethyl,  forms  yellow  crystals,  probably  consisting  of 
iodide  of  diethyl-aribine,  C"H"(C*H*)*N*P,  which,  when  decomposed  with  moist 
silver-oxide,  3delds  the  corresponding  hydrate  as  an  amorphous  coloured  vamish. 

See  Classification  (i.  1008 — 1017). 
Syn.  with  Aob  (p.  1087). 
:c  ACXJ>.    See  Aob  (p.  1087). 

b.  C"H'«0  =  C"H".H.O.— A  monatomic  alcohol,  produced  by 
the  action  of  nascent  hvdrogen  on  benzophenone  or  phenyl-benzoyl,  C"H'*0,  and  de- 
scribed in  connection  with  the  latter  (iv.  478). 

**B*»B*PW  C*"H*'NO^— This  formula  has  been  established  by  Perrins 
(Chem.  Soc.  Qu.  J.  xv.  339),  by  the  analysis  of  the  alkaloid  and  several  of  its  salts. 
Berberine  is  very  widely  diflRised  in  the  vegetable  kingdom.  Besides  the  sources  of  it 
mentioned  in  vol.  i.  (p.  579),  it  has  been  found  by  Perrins  in  HydroMtU  canadensis 
and  Xanthorrhiza  apitfolia,  two  Korth  American  ranunculaceous  plants ;  in  a  yellow 
dye-wood  from.  Upper  Assam,  called  woodunpar^jirohahlj  belonging  to  the  menisper- 
maceous  order;  in  a  woody  root,  called  Baiz  de  Sao  Joao,  or  St.  Jolm*s-root,  from  Kio 
Grande ;  in  the  yellow  baxi^  of  the  Pachnelo  tree,  from  Bogota ;  and  in  the  root  of 
Coptis  Tecta  or  Mahmira,  a  ranunculaceous  plant  of  Hindostan  and  China,  highly 
prized  for  its  tonic  properties,  and  known  in  the  bazaars  of  India  as  Miskmee^bitter. 
Lastly,  the  substance  «illed  xanthomorite,  discovered  in  1826  by  Chevallier  and  Pel- 
letan  in  the  bark  of  Xanthoxylon  Clava  Hercuiis,  has  been  shown  by  Porins  to  be 
identical  with  berberine. 

When  a  dilute  solution  of  iodine  in  iodide  of  potassium  is  added  to  the  solution  of 
any  berberine-salt  in  hot  spirit,  carefully  avoiding  an  excess  of  iodine,  a  crystalline 
ioaine-compoxmd  is  deposited,  in  green  spangles  resembling  sulphate  of  iodoquinine 
(v.  25),  and,  like  that  substance,  possessing  the  power  of  polarising  light.   (Perrins.) 

BKAUnb-'WOOB.  (i.  656.) — Preisser's  statements  respecting  the  red  colourings 
matter  of  this  wood  are  not  to  be  depended  upon. 

CAMPBSBTZC  ACZB.  C»«H"0'  -  (^'*^*2t^"|o«.— A  tribasic  acid  pro- 
duced by  the  action  of  nitric  acid  upon  camphor ;— described  under  PTBOCJLMPHBsnc 
Acid  (iv.  757). 

CBSyrrzn.  C*H>*N.— This  name  is  given  by  Church  and  Owen  (PhiL  Mag. 
[4],  XX.  110 ;  Jahresb.  1860,  p.  358)  to  an  oreanic  base,  found  in  small  quantity,  to- 
gether with  pyridine,  piooline,  coUidine,  and  Tutidine,  in  the  liquid  obtained  by  distil- 
ling Irish  peat  at  the  lowest  possible  temperature.  When  purified  by  fractional  distil- 
lation, treatment  with  potash,  &c.,  it  forms  a  colourless  oil,  miscible  in  all  proportions 
with  water,  and  agreeing  in  composition  and  boiling-point  (95^)  with  amylaunine. 

CHZMOFBTX&nr.  A  yellow  crystalline  body  obtained  from  Fjp^ila  (or  Che* 
mopkUa)  umhdlata  (iv.  760). 

CBST8ZWIC  ACZB.  A  yellow  colouring-matter  contained  in  the  buds  of  Bopuhu 
nigra  and  P.  pyramidalis  (iv.  688). 

COXi&OZBAXi  ACZB8.    (Graham,  Chem.  Soc.  J.  xvii.  218.)— Colloidal  sub- 
stances can  exist  in  two  states — the  liquid  state,  in  which  they  are  soluble  in  water  in 
all  proportions  ;  and  the  gelatinous  or  pectous  state,  in  which  they  are  but  sparingly 
soluble.     The  soluble  hydrate  of  a  colloid  substance  is  called  a  hydrosol,  the  gelati- 
nous hydrate  a  hydrogel.    The  solubility  of  a  hydrogel  diminishes  with  the  quan- 
tity of  water  contained  in   it.      Gelatinous  silicic  acid  containing  1  per  cent,  of 
anhydrous  silica,  dissolves  in  5,000  pts.  of  water ;  a  jelly  containing  5  per  cent,  silica, 
dissolves  in  10,000  pts  of  water ;  and  anhydrous  silica  itself  is  nearly  insoluble.   The 
passage  from  the  liquid  to  the  gelatinous  state  is  indicated  by  a  gradual  thickening  of 
the  solution,  which  assumes  an  oily  consistence  just  before  gelatinising.   In  a  solution 
of  silicic  acid  obtained  by  dialysis  (p.  141),  the  tendency  to  pass  into  the  gelatinous 
state  increases  with  the  temperature  and  the  concentration  of  the  liquid.    A  solution 
containing  from  10  to  12  per  cent,  silica  gelatinises  in  a  few  hours  ;  a  solution  con- 
taining only  5  per  cent,  may  be  kept  unaltered  for  several  days ;  one  containing  2  per 
cent  ror  many  months ;  another  containing  1  per  cent,  silica  remains  unaltenid  for 
ysaxs ;  and  aolutioof  oontaining  only  0*1  per  cent,  are  doubtless  .quite  pmmaoent^ 
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COmiAimtTnr.  C**H>*0*«.  (Riban»  BoU.  Soc  Chim.  1864,  i.  87  ;  1867,  i. 
79 ;  Laboratoiy,  i.  324.) — The  active  principle  of  Corianria  myrt^foHa^  a  purgatiTe  aod 
very  poisonous  plant  growing  in  the  South  of  France,  in  Spain,  and  in  Italy — ^formeily 
used  for  the  production  of  a  black  dye,  and  for  adulterating  senna.  Coriamyrtin  may 
be  extracted  horn  the  berries  or  the  leaves,  but  the  young  shoots  gathered  in  ^  March 
yield  the  largest  product  They  are  crushed  in  a  mill,  and  pressed ;  the  juice  is 
treated  with  basic  acetate  of  lead ;  and  the  filtered  liquid  is  fireed  &om  excess  of  lead 
by  sulphydric  acid,  then  evaporated  to  a  syrup,  and  repeatedly  shaken  op  with  ethei^ 
which  dissolves  the  coriamyrtin,  and  leaves  it  on  evaporation  in  slightly  brown  crystals, 
which  may  be  rendered  perfectly  white  and  pure  by  one  or  two  crystallisations  from 
boiling  alcohol. 

Coriamyrtin  is  a  white,  bitter,  very  poisonous  substance,  crystallising  in  oblique 
rhombo'idal  prisms  of  98^  40',  having  the  basal  edges  truncated.  It  is  anhydrous, 
and  melts  at  220^  to  a  colourless  liquid,  which  solid^es  to  a  crystalline  mass  on  cool- 
ing. It  is  slightly  soluble  in  water,  easily  soluble  in  boiling  alcohol  and  ether.  The 
alcoholic  solution  turns  the  plane  of  polarisation  to  the  right :  [a]   «  24*5  at  20^. 

Coriamyrtin  is  decomposed  by  fuming  hydriodic  acid,  slowly  in  the  oold,  rapidly  at 
100°,  a  large  quantity  of  iodine  being  separated,  and  a  black  soft  substance  deposited; 
and  if  the  supmatant  liquid  be  decanted,  the  black  substance  washed  with  cold  water 
and  dissolved  in  absolute  alcohol,  and  the  resulting  solution  mixed  with  a  few  drops 
of  strong  caustic  sada^  a  fine  purple-red  colour  is  produced,  resembling  that  of  an  alco- 
holic solution  of  fucfasine.    This  reaction  is  extremely  delicate. 

Bromocoriamyrtin,  C"H**Br*0'*,  is  formed  by  adding  bromine,  drop  by  drop,  to 
coriamyrtin  suspended  in  cold  alcohol.  It  crystallises  from  boiling  alcohol,  in  fine 
anh^'drous  needles,  slightly  soluble  in  cold  water,  very  soluble  in  boiling  alcohol,  and 
having  an  extremely  bitter  taste. 

Chlorine  passed  through  a  mixture  of  coriamyrtin  and  water,  forms  a  crystalline  sub- 
stanco,  composed  of  several  amorphous  chlorinated  compounds,  which  cannot  be  sepa- 
rated by  successive  cr}'stallisation. 

Action  of  Bases  on  Coriamyrtin. — ^Most  bases  attack  coriamyrtin  in  presence  of 
water.  With  potash  and  soda  only  brown  compounds  are  obtained;  but  with  less 
active  bases,  such  as  baryta  and  lime,  coriamyrtin  assumes  the  elements  of  five  mole- 
cules of  water,  producing  a  dibasic  acid,  which  unites  with  the  base.  Thus,  when 
boiled  with  excess  of  baryta,  it  forms  the  compound,  C*'H**Ba''0"  -  C^H'H)'*. 
BaCdH^'O ;  and  with  lime-water,  in  like  manner,  the  salt  C'H^Ca'O'*.  These  salts 
do  not  possess  the  bitter  taste  of  coriamyrtin. 

The  acid,  separated  from  them  by  sulphuric  or  oxalic  acid,  remains  on  evaporation 
as  an  amorphous  mtiss.  Its  aqueous  solution  decomposes  the  carbonates  of  barium 
and  calcium,  with  effervescence,  reproducing  the  salts  just  described. 

Action  of  Acids, — Coriamyrtin  is  dissolved  and  blackened  by  Birong  sulphuric  acid, 
— With  fwmny  nitric  acid,  it  firms  an  amorphous  nitro-compound,  whicn  detonates 
when  heated.  It  is  not  attacked  by  ^xy  hydrochloric  acid  gas,  even  at  100^,  but  de- 
composes when  heated  to  200^  with  the  aqueous  acid  containing  2  or  3  per  cent,  of 
that  gas. 

Acetic  anhydride  and  coriamvrtin,  heated  together  to  140^  in  a  sealed  tube  for 
about  an  hour,  unite  directly  without  elimiuatiou  of  water.  The  soft  mass  thus  pro- 
duced, if  thrown  into  water  to  free  it  from  acetic  acid,  ultimately  falls  to  a  powder, 
which  may  be  washed  with  cold  water,  then  dissolved  in  alcohol,  separated  by  evapo- 
ration, and  dried  at  100°  in  a  vacuum.  It  is  transparent,  nearly  colourless,  brittle, 
\evy  bittor,' molts  below  100^,  is  insoluble  in  water,  but  soluble  in  alcohol.  It  has  the 
composition  C"H*^0'^,  which  is  that  of  hexacetic  coriamyrtin  combined  with 
3  at.  water.     Its  formation  is  represente<l  by  the  equation : 

C»H»H)»»  +   3(C«H»0)«0     -     C*'H«\C«H»0)«0"   +   8H«0. 
Glacial  acetic  acid  forms  a  similar  compound  with  coriamyrtin. 


C'«H*».— The  tenth  of  the  series  of  alcohol-radi- 
cles, G»U*-+'.     It  ha»  not  been  isokted. 

Hydride  of  Decyl,  C*'H"  (isomeric  with  free  amyl),  is  contained  in  considerable 
quantity  in  the  portion  of  American  petroleum  boiling  between  158°  and  163°  (Pe- 
louze  and  Cahours,  Ann.  Ch.  Phys.  [4],  i.  6  ;  Jahresb.  1863,  pp.  626,  629).— It  is 
produced  also  by  carefully  mixing  diamylene,  C'*H*  with  bromine,  keeping  the  mixture 
cool,  wawhiug  the  product  with  dilute  potash,  and  drying  it,  then  heating  it  under 
diniinisluKl  pressurts  and  submitting  it  to  fractional  distillation  (Wurtz,  Bull.  Soc. 
Chim.  1863,  p.  300;  Jaliresb.  1863,  p.  610).  This  hydrocarbon  resembles  amyl  in 
many  of  its  properties  (Wurtz).  It  has  an  odour  of  lemons.  Specific  gravitv  = 
0-767  at  16°  (Pelouze  and  Cahours);    0763  at   0°   (Wurtz).       Boiling-point 
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adhering  resin  by  meang  of  acetate  of  lead,  crystallises  in  colourless  rhombohednl 
prisms.  It  is  tasteless  and  inodorous  when  pure  ;  insoluble  in  water  even  at  theboiUng 
heat ;  soluble  in  benzene,  oil  of  turpentine,  and  especially  in  chloroform  ;  soluble  abo 
in  ether  and  in  carbonic  disulphide.  It  melts  at  114®,  and  solidifies  on  cooling  to  a 
resinous  mass,  which  gradually  becomes  crystalline.  When  heated  in  a  tabe,  it  sub- 
limes in  oily  drops.    The  alcoholic  solution  is  precipitated  by  water. 

Laserpitin  is  insoluble  in  dilute  acids  and  alkalis.  Strong  nitric  and  sulphuric 
acids  dissolve  it,  but  the  solutions  are  precipitated  by  water.  The  alcoholic  solution 
is  not  precipitated  by  an  alcoholic  solution  of  mercuric  chloride,  lead-acetate,  silver- 
nitrate,  or  potassium-iodide.  Heated  in  sealed  tubes  to  ISO*'  with  strong  hydrochloric 
acid,  or  to  200°  with  dilute  sulphuric  acid,  it  yields  a  black  pitchy  mass. 

By  the  action  of  concentrated  alcoholic  potash,  laserpitin  is  resolved  into  an  gelic 
acid  and  laserol,  C'*H*H)',  a  crystalline  resin  precipitable  by  sulphuric  acid : 

C-*H«K)'   +   H*0     -     C'*H«0*   +   2C*H'»0«, 
Laierpitin.  Laserol.  Aiigeiic 

the  decomposition  being  analogous  to  that  of  athamantin  (i.  430)  into  oreoselin  and 
valeric  acid : 

C^H~0'   +  H«0     «     C"H««0*  +  2C*H»»0». 

Athamantin.  Oreoselin.  Valeric 

acid. 

The  root  of  LaserpUium  latifoUum  yields,  by  distillation  with  water,  a  small  quantity 

of  a  volatile  oil,  similar  in  taste  and  odour  to  oil  of  pelargonium.     This  oil  does  not 

yield  angelic  acid  by  oxidation. 

XiXTBOrsXiXiZC  ikCZB.  C^H'^0*.  (Gobel,  Ann.  Ch.  Fharm.  xzxix.  237.— 
Ettling,  t6K?.  xxxix.  242.~W6hler,  i6irf.  xli.  160.— Heumann,  ibid,  xli.  303.— 
Malaguti  and  Sarzeau,  Compt.  rend.  xv.  518. — Gm.  xvii.  375.)«A  crystalline 
acid,  which  forms  the  chief  constituent  of  some  kinds  of  oriental  bezoars  (i.  684).  To 
extract  it,  the  bezoars  are  dissolved  in  boiling  alcohol,  and  the  crystals,  which  form 
slowly  on  cooling  the  solution  and  concentrating  the  mother-liquor,  are  purified  by  re- 
crystallisation,  with  the  help  of  animal  charcoal.  Or,  the  bezoars,  after  being  ex- 
hausted with  water,  are  treated  for  24  hours  with  cold  dilute  ammonia;  the  fil- 
trate is  decolorised  with  animal  charcoal ;  and  the  lithofellic  add  is  precipitated  by 
dilute  sulphuric  acid  and  washed.  The  acid  precipitated  from  alkaline  solutions  re- 
quires still  to  bo  purified  by  crystallisation  from  boiling  alcohol. 

Lithofellic  acid  crystallises  in  very  small,  clear,  rhombic  prisms,  with  oblique  end- 
faces;  hard  and  easily  pulverisable.  Melts  at  204°  (Gobel),  206®  (Wohler),  and 
solidifies,  when  not  heated  above  its  melting-point,  to  an  opaque  crystalline  mass. 
When  heated  a  few  degrees  above  its  melting-point,  it  solidifies  to  a  clear  amorphous 
glass,  which  becomes  electric  when  rubbed,  and  melts  at  105'^  to  110°  to  a  viscid  man. 
Alcohol  poured  upon  this  amorphous  acid  produces  a  larg^  number  of  fine  cracks, 
and  the  acid,  when  left  in  contact  with  a  little  alcohol,  again  becomes  crystalliDa 
(Wohler).  The  acid  slowly  excites  a  bitter  taste  in  the  mouth  (Winckler).  It 
dissolves  in  29  pts.  of  alcohol  at  20®,  and  in  6}  pts.  of  boiliug  alcohol;  the  solution 
has  an  acid  reaction.  The  acid  dissolves  in  444  pts.  of  ether  at  20®,  and  in  47  pts.  of 
boiling  ether. 

Lithofellic  acid,  when  melted  in  contact  with  the  air,  volatilises  in  white  yapoun, 
which  exhale  an  aromatic  odour.  By  dry  distillation  it  loses  1  at.  water,  and  is  con- 
verted into  an  acid  oil,  C^H  *0',  called  pyro lithofellic  acid.  Litliofellic  add 
dissolves  in  strong  sulphuric  acid,  forming  a  solution  which  becomes  milky  on  addi- 
tion of  water.  Hot  nitric  acid  converts  it  into  a  yellow  acid,  soluble  in  acetic  add, 
crystallising  therefrom,  and  containing  C*H*\NO')H)*.     (Malaguti  and  Sarzeau.) 

Litliufellic  acid,  heated  with  sugur  and  sulphuric  acid,  produces  a  violet  coloration 
similar  to  that  which  is  produced  in  like  manner  by  the  biliary  acids. 

The  litho  fellates  are  but  little  known.  The  acid  dissolves  easily  in  caustic  al- 
kalis and  alkaline  carbonates. — The  ammonium-salt  is  known  only  in  solution. — The 
potassium-  and  ammonium-salts  are  amorphous  and  gummy. — The  barium-salt  forms 
crystals  very  soluble  in  alcohol. — A  lead-salt,  of  variable  composition,  is  obtained  as  a 
white  precipitate,  slightly  soluble  in  water,  somewhat  more  soluble  in  alcohol,  on  mix- 
inj?  an  alcoholic  solution  of  the  acid  containing  a  little  ammonia,  with  neutral  acetate 
of  lead. — The  silver-salt,  obtained  in  like  manner  by  precipitation,  appears  to  contain 
C»U"AgO\  ^^ 

Syn.  with  Morintannic  Aan  (iii.  1049). 

IB.    See  PuRPuaATBs  (iv.  748). 
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Conduction  of  Heat        ...  68 

Radicles  or  Radicals       ....  74 

RadioUte 76 

Radish — 

Radish,  OU  of — 

Ramalina '— 

Rammelsbeigite — 

Randanite — 

Rangoon  Tar  (s.  Naphtha,  iy.  8). 

Ranunculus — 

Rapakivi 77 

Rape — 

Raphanosmite — 

Raphanus  (s.  Radish) 

Raphilite — 

Rastolyte — 

Ratanhia '       .  — 

Ratanhinc — 

Ratoffkite 78 

Raumite — 

RazomofTskin — 

Realgar — 

Rectification — 

Red  antimony — 

Red  chalk  or  Reddle      ....  — 

Red  copper-ore — 

Red  dyes  (s.  Dyeing,  ii.  855). 

Red  hssmatitc  or  Red  iron  ore        .        .  — 

Red  iron- vitriol — 

Red  lead — 

Red  lead-ore  ......  — 

Red  manganese — 

Red  oclire — 

Red  pigments — 

Red  Silver-ore  ^s.  Proustite,  ir.  740,  and 

Pyrargjfite,  iv.  753). 

Red  vitriol 79 

Red  zinc-ore — 

Reddle — 

Redrutliite — 

Reduction — 

Reflection  and  Refraction  (s.  Light,  iii. 

608,  and  Radiation  of  Heat,  v.  43,  44). 

Re^uluu — 

Reiset's  salts — 

Reissacherite  .        .                ...  — 

Remin^nite — 

Remohuite  (s.  Atacamite,  i.  429). 

Rensseladrite — 

Resigalluin — 

Resinapitic  acid — 

Resinatcs — 

Resinetn  or  Resinone      .        .        .        .  — 

Resins 80 

A.  Resins  exuding  from  Plants       .  — 

B.  Fossil  Resins      ....  81 

C.  Resins  extracted  fh>m  Plants  by 

Alcohol — 

Resorcin        ......  82 

Respiration — 

Theory  of  respiration      ...  83 
Absorption  of  oxygen     .        .        .86 
Exhalation  of  carM>nic  acid    .        .  88 
Absorption  and  exhalation  of  ni- 
trogen    90 

Qcalities  of  respiratory  oxygen  — 


FiAB 

Place  of  oxidation  ....     90 

Qualitiea  of  expired  air 

Cutaneona  reapintioQ  .       .     92 

Intestinal  respiratioa 

Air-bladder  or  fishes 

Respiration  of  eggs 

YanationB  in  the  <manti^  of 
bonic  acid  exhaled       .        .        .     — 

Consomption  of  oxygen  ...     95 

Breathing  impure  air      .        .        .     96 

Retene 97 

ReteneHBolphuric  acid     ....      98 

Retinalite 

Retinaphtha   . 

Retinasphalt  . 

Retinic  add    . 

Retinite  .... 

Retinole  and  Retinyl 

Retisterene     . 

Retort     .... 

Retzbanyite    .        .        . 

ReUite  (s.  Edelforsite,  iL  861) 

Reussin  .... 

Rhamnetin 99 

Rhamnin 

Rhamnocathartin  . 
Rhamnotannic  add 

Rhamnoxanthin 100 

Rhamnus  .        . 

Rhaponticin  (a.  Chrysophanic   mad,  L 
958). 

Rheadicadd <— 

Rhdc  add,  Rhdn  (s.  Chryaophanie  add, 
i958). 

Rheometer — 

Rheostat — 

Rheum  (s.  Rhubarb,  p.  107). 
Rheumin  (s.  Chrysophanic  add,  i.  958). 

Rhodanides    .  * — 

Rhodeoretin  (s.  ConvolYuIin,  it  15^. 
Rhodeoretinol  )  s.  Convolvuluolic  add, 

Rhodeoretinolic  add  J     ii  15. 

Rhodium — 

Rhodium,  Alloys  of  ...  .  102 
Rhodium,  Chlorides  of  .  .  .  .  — 
Rhodium,  Cyanide  of  (s.  Cyanides,  ii 

271^. 
Rhodium,  Detection  and  Estimation  of .      — 
Rhodium,  Oxides  of       .        .        .  101 

Rhodium,  Oxygen-salts  of     .  .      — 

Rhodium,  Sulphides  of  .  .  .  .  105 
Rhodium-compounds,  Ammoniacal  ~~ 

Rhodium-gold  (p.  102) 
Rhodizite        ....        *        .      — 

Rhodizonic  acid — 

Rhodochrome 106 

Rhodochrosite — 

Rhodonite — 

Rhodophyllite  (s.  Rhodochrome). 
Rhodotannic  acid,  or  Rhodoxanthin       .     107 

Rhomb-spar — 

Rhubarb — 

Khubarbaric  acid,    or  Bhubarbarin  (a. 
Chrysophanic  add,  i.  966). 

Rhus 108 

Ricincla'idamide 109 

Ricinelaidic  add 

RicinelaTdin 

Ricinic  add — 

Hicinine — 

Ricinoleamide 110 

Riciiiolcic  add — 

Ricino-maigaritic     and     Ridno-stearic 
ncidi} Ill 
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1067).     ■ 

Riolite    .  .       .       . 
Kl[HdDliM 

Bui^D  (•■  B««1ku). 

BitUngtrila  . 

Bivutm  .  .       .       , 
RobiDic  >dd  . 


fiocceUic  __._ 

BocraUic  uibydridc 
BocccUic  cthen 


Kubrinitrk  «dd 
Ruby      . 
Kue.  Oil  or    . 
UuJ!KBUic  icid 


Humicin 

KuBiochine 

Kuumide  (a.  Capiwnide, 


Bock-cmUl 

Bock-milk 

Bock-salt  (s.  SodiniD,  Chlorida  of;  p.  331). 
Back-«o«p 

Bosalmu 

Bccttiiitc        .               .       .       .       .      ■ 
SoDuuizovite II 


'■  Katheoium,  Allova  of  ,  ... 
'  Ruthuiium,  Chlimdn  of  .  ,  . 
!  Rutlienium,  Cyuiidea  of  (%,  Cy«aidB% 

a  271> 
I  Rathenium,  DclecCkn  ud  EatlnuUion 


RoHtUte  '. 
K<wdUn  or  Roritc , 


Hucin-Higu   . 
KotinU  acid  (■.  Budn). 
Sotyl     .... 

RyicoUte  oi  Kbyacolite 


BotboSkiu 

Kottlen. 

BotUerin 

Boucou  (s.  AddoUO,  L  SOT). 

Bubeaahydric  add 

BubdUa        ... 


Uuberytbric  acid    . 


BubicblorlB  add 
CblonirutHD 
Rubidebydian 
Rubidinc 
Rabidinm 
Rubidi 


SaccJuritc  .  ,  ,  . 
SaccbaroM  .  .  .  . 
SaccharomcUir 
,  Sacchanun  (9.  Sugar). 
(JaccbuImiiL,  Sacchulmia  add 
Sifeir-lamp  (a.  CombuadoD,  i, 
Safplv-tub 

s*ni>jriu       .      .      .      . 

Safiiowct  .  .  .  . 
Safniiin  .  .  .  . 
,  .SallKin 


leoT  . 


RublaiuBi,  Chloride  i 
Rubidium,  Cyanide  o 
Bubiilium,  l>et«tion 
R^bidin^^  Ferrocyauide  of  (■  p.  129). 
Kubidium,  Hj'dratv  uf    .        . 
Rubidium,  Iodide  of        ...        . 
a,  Oiygtu-aol;*  uf    . 


SacD 


Salop                                    ... 
130    Salbydniuule  (t.  HydroulicTlanude, 
iii.  218), 
Salicin 


1100 
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Benzosalicin    . 

ChloTosalidn  . 

Plumbosalicin 
Salicogyl         .... 

Salicyl 

Salicyl-acetic  acid . 
Salicylamic  acid     . 

Mitrosalicylamic  acid 

Ethylsalicvlamic  acid     . 

Benzovlsalicvlamic  acid  . 

Cumylsalicylamic  acid  . 
Salicylamide  .... 
Salicylic  acid .... 

8alic}'latcs 

Bromosalicylic  acids 

Chlorosalic^'lic  acids 

lodosalicylic  acids   . 

Nitrosalicylic  acida . 

Oxysalicylic  acids  . 
Salicylic  anhydrides 
Salicylic  cblorohydrate  . 
Salicylic  ethers 

Mcthylsalicylic  acid 

Methyl-bromosallcylic  acid 

Methyl-chloroaalicylic  acid 

Methvl-nitroealicylio  acids 

Ethylsalicylic  acid 

Ethyl-bromoflalic^lic  acids 

£thyl-dichloro.<<alicylic  acid 

Ethyl-nitrosalicylic  acid 

£thylene-Balic>lic  acid   . 

Amylsalic}'lic  add 
Salicylide       .... 
Salicvlimide   .... 
Salicylol         .... 

Compounds  of  salicylul  with  acid 
sulphites  of  alkali  metals 

Metallic  Derivatives  of  Salicylul : 
SalicvIiUi 

Organic  Derivatives  of  Salicylol : 
Acetoaaliculolj  drc    . 

Bromosalicj'lols 

Chlorosalicylols 

CVanosalicylol 

loilosalicylol   . 

Nitrosalic^lol  . 

Sulphdsalicylol 
Salicyl-!4ul{>huric  acid  (s.  Sulphosali- 

cylic  acid,  p.  525). 
Salicyluric  acid      .... 
Saligenin 

Chlorosaligenins 
Saliglycic  acid  («.  Salic}*luric  acid). 

Saliretin 

Salisburia 

Salite  (8.  Sahlite). 

Salithol  (s.  Phenetol,  iv.  391). 

Saliva 

Sallow-thorn  or  Sea-buckthorn    (s. 
Hippophai',  iii.  155). 

Salmiac 

Salmonic  acid         .... 


PAOK 

'149 
150 


SalsaparilUn  (s.  Santaparillin). 

Salsola 

Salt 

Salt  gardens  .... 
Salt  lakes  .... 
Salt  springs  .... 
8alri)etre  .... 
Salt-ra<liclc  .... 
Salts,  Numcuclaturc  of  . 

Salvia 

Siilylic  acid    .... 
Samadcra        .... 


151 
152 


154 
156 

157 
158 
160 

161 


163 

164 
165 

166 


167 

168 

169 

170 
171 


172 


174 


176 


182 

184 

185 
186 


rAOB 

Samarskite 186 

Sambacos — . 

Samech  paraoelsi 187 

Samolte ~ 

Samphan  (s.  Sapan). 

Sand — 

Sandal-wood — > 

I         Santalin  or  Santalic  acid         .        .     — 
,  Sandaraca  (s.  Realgar,  i.  386). 

!  Sandarach — 

;  Sandel-wood  (s.  Sandal-wood). 

Sanguinaria 188 

Sanguinarine — 

San^isorba 189 

Sanidin — 

Sanidophyr — 

Santalic  acid,  Santalide,  Santalin,  Ac. 
(&  Sandal-wood,  p.  187). 

Santonin — 

Santonates 190 

Bromoeantonin  .  .  .  .  _ 
Chlorosantonin  ....  — 
Di-  and  Tri-chlorosantonin  .191 

Santorin — 

!  Saoria — 

j  Sapan-red — 

Saphire  (s.  Sapphire). 

I  Sapogenm 192 

i  Saponarin ^ 

Saponification — 

Saponin — 

Senegin:  Polygalic  add  .        .198 

Saponite  (s.  ^oapatooe). 

Saporetin 195 

Sappare,  Sapparite  (s.  Kymnite,  iii.  449). 

Sapphire — 

Sapphire-qnartz — 

Saprochrome — 

Sapucaia — 

Saracenia 196 

Sardne — 

Saroooolla       ......      — 

Saroocollm 197 

Sarcolite — 

Sarcoeine — 

Sard 196 

Sardachates — 

Sardonyx — 

SarsapariUa-root ^ 

Sarsaparillin — 

Sassafras-oil ^ 

Sassafras-ioot 199 

Sassafrid — 

Sassafrin  (s.  Sassarubrin). 

Sassa-gum «. 

Sassaparilla  (s.  Sarsaparilla). 

Sassarubrin — . 

Saiuudin  or  Sassolite       ....    200 

Satenborgite — 

Saturation — 

Saturation,  Capacity  of .        .        .        .      — 

Satumus — . 

Saualpite — > 

Sauldammar — 

Saussurite ^ 

Savine,  Oil  of 20i 

Savitc — 

Soyniie « 

ScabitMta _ 

Scales  of  fishes  and  amphibia ..... 
iScaiinnunio  acid  (n.  .Talnjiic  acid,  iii.  136). 
Si'ammoiiin  (k.  .iMlapiu.  iii.  138). 
5H-amninnoli<>n<-i'l  (»  -rinpinolir  arid,  iii.  Ilo). 
Scnmm«)Mv 2«*2 
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Sapolite 

wn 

S.  E>IilnUionjuidS«pu>tioti. 

Stlemom,  Fluoride  of    .        .       . 

SchapUchite  (b.  BL»DDtlt«UT«r,  I  S97) 

Selenium,  lodida  of       . 

Sttenium,  Oxidei  ud  Oiyg«n.«cid.  ol 

226 

Scbeffcriu 

SehmitM  .... 

ScbWetinilc 

Sdenlcacid     .... 

Seteula.       .       .       . 

2«l 

flW 

?Oft 

BchrUtterito 

i.  1069). 

204 

— 

Boni-opw      ..'.'.'. 

2M 

S^^^ODckidinK  H^oliu) 

Seneoioil 

208  '  Scnegil  gum  (■.  Gum,  iL  9M). 

Senegin  or  Stneguin  (■.  SaponiD  p.  IB3J 

Bcorilite 

Sepeerine  (•.  Sipterine). 

Scon* 

W9 

ScoreoMrt 

Sericic  add  (^  Myrirtic  «d.i). 

?10 

SericiU 

SeriniUW 

SebodcKid 

212 

Serou.  fluid 

Setotei 

ri8 

SopeDUriu 

•m 

IpomBctcOil  .... 

91* 

E.livfic«b«(e        .       .       . 
DigfrceiylioetotootSctHn   . 

Serpentiae-dolomita 

aerum  of  blood  (s.  Ulood,  i  eott). 

Scnme-oil 

Bebin 

SeelerU  oeiulett     .... 

Seulc  cewle  (s.  CcimU,  L  828). 

Sterile 

S«anduy  ilHiholi 

Hecondao-  Amid«  uid  AmiD»      . 

illM 

S«>-bertiM  (».  CliDtonite,  L  1026). 

ShcUuocShcllUc         .        .        . 

mn 

Sht'panlite 

SeleaaniD 

Selenhydrieidd     .... 

SUte  caipiniTalia      .... 

Sidcrile 

Selenic  uid  (p.  280). 

SideroLiile 

21 » 

Sideroconitc    

220 

J2fi). 

!MU 

Stlrniiea  (p.  226). 

SdenLiini,Chloriaoinf  .        .        . 

Sid«™Uicite 

Seleninm,  Cyini.la  of  (p.  220). 

1,  Blowpipe  K»«ioiia      .        . 

2.  ItenL'tiuiu  Id  ulution  .        . 

Sicgenite  (t.  Nickd-lionOTW,  ir.  M). 

llOi 
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PAGE 


240 


242 


260 
261 


262 


268 


Sieoite  (s.  Syenite). 

SUex 

Silica 

Silicates,  alcoholic  (a.  Silicic  ethen). 

Silicates,  metallic 

Quantitative  Analysis :  Estimation 

of  Silica  .        .        .        .        .245 
Siiicntes  cotUaining  omfy  MomUomie 
and  JHatomic  MetaU:  SUioates 
of  FrotoxideM, 
Silicates  coHtamimg  Trmtomie  Me- 
tals: Silicates  of  Sesquioxideg, 
Silicates    cfmtahmtg    Monatomie, 
Diatomic,  and  Triatomic  Metals : 
Double  Silicates, 
Anhydrous  silicates     . 
Hydrated  silicates 
Con^unds  or  Mixtures  of  SiHeaies 
with  other  Salts. 
With  Aluminates,  Borates,  Chlo- 
rides, Fluorides,  Sulphates,  Ti- 

tanates 

With  Tnngitates,  Zirconates,  and 

Niobates 268 

Silicic  ethers — 

suicides,  metallic 266 

suicides,  oiganic 266 

Silidum  (a.  Silicon). 

£-^^«'"}(a8ilu»t«p.262). 

Silicofluoridee  (s.  SiUcon,  Flaoiide  of,  p. 

270). 
Silicon,  Bromide  of        .       .       . 

Silicohydric  bromide 
Silicon,  Chloride  of        .        .        . 

Silicohydric  chloride 
Silicon,  Detection  and  Estimation  of 

Atomic  weight  of  silicon 
Silicon,  Fluoride  of        .        .        . 

Silicofluoric  add 

Silicotiuoridcd  .... 
Silicon,  Hydride  of: 

Siliciiiretted  hydrogen     . 
Silicon,  loilides  of  . 
Silicon,  Nitride  of  . 
Silicon,  Oxides  and  Hydrates  of    . 

a.  Leuconc  Si»H*b» 

fi,  Chrvseone,  SiUcone  Si«H«0> 

y.  Si*ri80«      .... 
Silicon,  Selenide  (if 
Silicon,  Sulphides  of      . 

Silicohydric  sulphide 
Silicon,  Sulphochlonde  of 
Silicon,  Telluridcs  of      .        .        . 
Siliqua  dulds :  St,  Johns  Bread    . 

Silk 

Sillimanite 

Silver. 

Silver  Alloys 

Silver  Ansay 

Silver,  Bismuihic  (s.  Bismutli-silvcr, 

697). 
Silver,  Black  (s.  Stepbanite). 
Silver,  Brittle  Hulphide  of. 
Silver,  Bromides  of         .        .        . 
Silver  Carbides  of  ... 

Silver.  Chlorides  of         .        .        . 
Silver,  Chlorobromide  of 
Silver,  Detection  and  Estimation  of 

1.  Reactions  in  the  dry  way    . 

2.  Reactions  in  solution  . 
8.  Elstimation  and  separation  . 
4.  Atomic  wciglit    . 

SUver,  Fahl-orc  (s.  Tetrahedritc.  \k  72«). 


269 
270 

271 


273 
274 


Silver,  Fluoride  of 

Aicentic  oxyfluoride 

Silver,  FulminatiDg 

Silver,  Horn    . 

Silver,  Iodides  of    . 

Silver,  lodobromide  of 

Silver,  Native 

Silver,  Nitride  of    . 

Silver  Ores 

Silver,  Oxides  of    . 

Silver,  Oxygen-salta  of 

Silver,  Phoephide  of 

SUver,  Red  or  Ruby 

Silver,  Selenide  of  . 

Silver,  Seleniocyanate  of  (s.  Seleniocja- 
nates,  p.  220). 

Silver,  Sulphide  of         , 
.^rsrento-cupious  sulphide 

Silver,  Sulphocyanate  or  (s.  Sulphoc>'a- 
nates^. 

Silver,  Sulpho-hypophoephite  and  Sul- 
phophosphite  of  (s.  Phoephonia,  Sul- 
phides of,  iv.  601, 602). 

Silver,  Telluride  of         .        .        .        . 

Silver,  Vitreous 

Silver-aoetyl 

Silver-glance 

Silver- purple 

Silver-vitnol 

Simaruba 

Similor \ 

Sinamine \ 

Sinapic  acid 

Sinapine 

Sinapis  (a.  Mustard,  ill  1067). 

Sinapisine 

Sinapoline 

Sincaline 

Siuesic  add 

Sinethvlsmine  (p.  811) 

Sinistrin 
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301 


803 
803 

804 


306 


806 


306 

310 
311 


Sinnamine  (s.  Sinamine). 
Sinopite  ..... 

Sinter ] 

Sipeeriue 

Sipopira  or  Sebipira 

Sismoiidin 

275  j  Sisserakite 

—  I  Sisymbrium 

—  I  Sitic  add 

276  j  Sixe 

—  Skapolite  (s.  Scapolite,  p.  208). 

—  Skleretinite  (s.  Sclerctinite,  p.  204). 

—  Skleroclase  or  Sdcroclase 
_    SkogbOUte 

—  Skolvcite  (s.  Scolecite,  p.  207). 
''~     Skolopsite       .... 

Skoriaii  .... 
Skorilite  .... 

Skurudite  (a.  Sctirudite,  p.  208). 
Skorza  ur  Scorza 

Skotin 

Skutterudite 

Slibowitz 

Sluanitc 

Sm«lt 

SmaltiiK* 

Smarogditc [ 

Smanigduclialcite  (**.  Atucamito,  i.  42y). 

Smectius 

Smihu'hin 

Smilucin  (s.  Sarsaparillin,  p.  198). 

Smithifunitc 

Sap 


312 


2H6 
2H7 


313 


295 


297 


3M 
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Comporilioa  oT  black  uh 

Hmla  alum 
SikU  copi 


!■  coppeiu 


Anliiitn,  Hromide  of 
Hmliuni,  ClilDridt  of 
Snlium,  t>rteelian  and 
Sodium,  Fluoiide  of 
Sotium,  tlvilnta  of 
Ro<tiun,  ludidc  of  . 
So-lium,  OxulH  of , 
SMiiito,  Oiyiodide  of 
Snliiim,  Sulphides  of 
Solium,  TcUuridc  of 
Soil* 

Aiulyrii  of  Soils 
Soimonilc  (9.  CoruDdum). 
Soliuiicine 

Soiioine 

Solinokii;  uid   SoUnottcaiic 
J'oUto-fBt,  iv.  7as). 

Solinum 


Sortiuuicle 

SorbaoiUde     , 
Soibio  acid 

Paruurbic  aci 
Sofbic  chloridu 
Sorbic  cthcT   . 
Sorfaltaitaiic  acid 
SorbiU   . 
Soibitic  add  . 

Borbyl    '.       '. 
Sordawallilc  . 

SoTKhO     . 

8|«iiliiita 

Sfianiolite 

BpaninlitniiD  . 

SpaiUilo 

Spirtallte 

Sjiartdne 

Spartinm 

Sprar  pyiitm  (*.  BlaTcaxitc 

S|ivciflc  p-avily 

^MciBc  gnritiea  of  Si 


R<KniiJfa  method  .       .        -    86S 

*  V'""    -    8« 

i        I  — 

D^iUeuui    *" 

:                      aitin,  Ac. 
1  ^tectral  analyaia    . 

Vapouidea; 

.    ST< 

'ofthemetaliof 
alkaline  eartha  .    STfi 
tbe    upectra    of 

in  the  dectrio 

uu 

EiamioatioD   of   the    apectn    of 
at  the 


SpKtra  of  Ncbulie,  Comet*  and 

Specular  iton . 

Speculum  melal 

Spein     . 

Spelter   . 

Spennaceti 

Sperm-oil 

SpenDBtie  fluid 

)l4>enanin 

Spbaria  deuMa 

"  ■  -  -  lichenoids 


use; 


Sphenoclaee  . 
3|>faeaamiie  . 
Spheroidal  slat 
Spberugiderite 
Spheroitiltnte  (a.  Siitbile,  p. 


ScHKelia  . 
Spike-oU 


Spindle-liee 
Spindle- tree 

Spinellane 

Spinlhene 


Spirol'    . 

R,.iB>ylic' 
SpiroTlou 
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Subcranillr  odd 

Riibrritr  cthen 

SuUmne'        '.'.'.'.'.'. 

Kulirrvl 

SiiblimaM 

RiibniLrin 

8ub>tltiTli.in : 

1.  Of  Cbloioiu  ndiclci  for  Hydio- 
(t"> 

3.  Of  llyilrofita  ■od  nth«T  RutIous 
ndiclM  for  Chlonnu  nuliilra  . 

fl.  Of  nwylnu*  or  Chlorous  nuliclM, 

p.  460) 

Kurcinrupinne 

Succinic  acid  ...... 

.Suci'inalH,  MeUllic 
Siiccinat»  of  Oiganic  base*    . 

Sarcinic  unides 

Rucrinic  anhydride         .... 

Succinic  cliliiride 

Succinic  cthen 

Succinite 

Succinone 

Suocino-gulphuhc  add  (i,Sul|ih(iauccuiic 

SocciDum  (t.  Amber). 

Succinyhc  add  (i.  Snccinie  add). 

Succintcrene 

Hucrow  (a.  CaD»4ugaT). 

Suet 

a.  Fennentable  Sof^n    . 

ft.  ^!i&  Of  S»- 

uide«,Sn- 

PanwIucoM 

Suicar  of  fniita 

Sugar  of  lead 

Suj^-coodj  4        ....         . 
SuKai-cane 


or  Sulphame- 
SolphimiUo 


Salphimidonie  acid 


Su1iih«Bal}-de,  Ac.  (i.  IHiulphoatrde,  iii 


Sul|ibD[>eniiiic  cborbydrat«    , 
Suljihobcnioic  chloride  . 
hulrhubcuzoic  cth«n     . 


Salphamidic  add  (e.  Sulpbaioliaed  aciil^ 
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Sulphocaibonic  ethers  {continued) — 

Methyl-  and  Ethyl-amylic  disol- 
phocarbonates  ....  4% 
Amylic  trisulphocarbooate  .  .  497 
Cetyl-diflolphocarbonic  acid  .  •  — 
Elhyl-monoBulphocarbonic  acid  .  — 
Etbyl-monoeulphocarbonic  sulphide  — 
Ethylic  monosulphocarbonate .  .  — 
Etbyl-disulphocarbonic  or  Xanthic 

acid 498 

Ethyl-disulphocaibonic  sulphide     .    499 
Ethylic  diaulphocarbonate :  Xanthic 

ether 600 

Ethyl-trisulphocarbonic  acid  .  .  — 
Etbylic  trisulphocarbonato  .  .  — 
Methyl-disalpbocarbonic  acid  .  501 
M  ethylic  disulpbocarbonate  .  .  — 
Sulphocaibonic  ethers  containing  dia- 
tomic alcohol-radicles : 
Amylenic  trisnlphocarbonate  .  .  — 
Ethylenic  trisulpbocarbonate .  .  — 
EthVlenic     diaulphocaifoonate,     or 

Xanthate 502 

Methylenic,  Tritylenic,  and  Tetry- 
lenic  trisulphocarbonates     .        .      — 
Snlphocarbovinic  acid  (s.  Ethyl-disul- 

phocarbonic  acid,  p.  498). 
Siuphocetic  acid  (s.  Cetylsulphuric  acid, 

D.  621). 
Sulphocblorobcnzamide ....      — 
Sulphochlorobenzoic  acid       ...      — 
Disulphochlorobenzoic  acid     .        .    508 

Sulphocholeic  acid •— 

Sulphocinnamic  acid      ....      — 
Sulphocumenic  acid        ....      — 

Sulphocumide. — 

Sulphocyanacetic  acid  (s.  Thiocyanogly- 
collic  acid). 

Sulphocyanic  acid 504 

Metallic  Rulphocyanates .        .        .    505 

Sulphocyanic  anhydride        .        .        .    515 

lodocyanic  siilphide         .        .        .     516 

Sulphocyanic  ethers       ....     516 

Allylic  sulpbocyanate,  or  yolatile  oil 

of  mustard — 

Amylic  sulpbocyanate  .  .  .  519 
Ethylic  sulpbocyanate  ...  — 
Ethylenic  sulpbocyanate  .  .  520 
Hexylic  sulpbocyanate  ...  — 
Methylic  sulpbocyanate  ...  — 
Naphthylic  sulpbocyanate  .  .521 
Pbenylic  sulpbocyanate  ...  — 
Sulpboc^nnenic  acid  (s.  Cymylsulphur- 

ous  acid,  ii.  298). 
Sulpboilraconic  acid        ....      — 
Sulphoflayic  acid  (s.  Indigosulphuric 
acids,  iii.  262). 

Sulphofurm — 

Sulphofulvic  acid  (s.  Indigosulphuric 

acids,  iii.  262). 
Sulphoglucic  acid  (s.  Glucososulpburic 
acid,  iu  872) 

Sulphoglutinic  acid        ....      

Sulphoglyceric  acid  (s,  Glycerosulphuric 

acid,  lu  892). 
SulpboglycoUic  acid  (s.  Ethylenic  acid, 

sulphate  of,  iL  582). 
Suphobippuric  acid        ....      — 
Sulpho-bydroquinonic  acids  (s.  Hydro- 

quinone,  iii.  217). 
Sulphomar^aric  and  Snlpholeic  acids    .    522 
Sulpbolignic  acid  .        •        .        .       •      — 
Sulphomannitic  acid      ....      — 
Sulphomelanorenic  acid.  •       .     — 
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Solphomellonie  acid        •        •        •       .   »S 
Sulphomethylic  acid  (a.  Methylsnlpba- 

nc  acid,  p.  626). 
Salphomolybdatea  (s.  Molybdenamt  iii. 

1043). 

Sulpbomorphide — 

Sulphonaphthalene.         .        .        .       .     — 
Solphonaphthalic  acid  (a.  Sulphuroiia 

ethers,  p.  560). 
Sulphonaphthalidamic  acid   (a.   Naph- 

thionic  acid,  iv.  17^. 
Sulphonaphthanic  acid  (a.  Sulphonaph- 

thalic  acid). 

Sulphonarcotide 523 

Sulphophenic  acid  (a.  Sulphuric  ethesa, 

p.  627J. 
Sulphopnenylamide       ....'- 
Sulpbophenylic  chloride  (a.  Sulpbuioos 

ethers,  p.  564). 
Sulpbophenylic  hydride  (p.  564). 
Sulphopbenylsuccinamic  acid       .        .      524 
Sulpbophloramic  acid     .        .        .        .     — 
SulpbopbloreUc  acid       .        .        .        .     — 
Sulpbopbospbates  and  Solphophoophites  (s. 

PboG^borus,  sulphides  of,  iv.  603,  604). 
Sulphopianic  acid  (s.  Opianic  acid,  iv.  206). 
Sulphopurpuric  acid  (a.  Indigoanlphoric 

acids,  iii.  262). 
Sulphopyromucic  acid    .        •        .        .     — 
Sulpho<^uinic  acid  (a.  Qainine-aulphuric 

acid,  ly.  26). 
Sniphoretinylic  acid       .        .        .        .     — 
Sulpborufic    add    (a.    Indigosulphuric 

acids,  iii.  262). 
Sulpbosaccharic  or  Sulphoglncie  add     .     -* 
Sulphosalicy  lie  acid        .         .        .        .525 
Sulphosinapic  add  •        •        .        .526 

Sulphoainapisin -^ 

Sulpbosuccmic  add         .        .        .        .    527 
Sulnbosulpbamylic   acid   (a.   Amylsul- 

phurous  add,  p.  552). 
Sulpbotellurates    and    Sulphotellurites 

(s.  Tellurium,  p.  718). 
Sulphotbymic  aad  (a.  Cymylsulphurous 

acid,  ii.  298). 
Sulpbotoluolamide     or    Sulphobenxyl- 

amide .      — 

Sulphotoluylic  add  (s.  Sulphurous  ethers, 

n.  553). 
Sulphotolylamic  add      ...... 

Sulphotriphospbamide    ....    528 

Sulphoyanadatcs  and   Sulphovanadites 

^s.  Vanadium,  Sulphides  of). 
Sulpboyinic    acid    (s.    EthyLsulphuric 

acid,  p.  622). 
Sulphoyiridic  acid   (s.  Indigosulphuric 

acids,  iiL  262). 
Sulphoxalcnide  and  Sulphoxamide    (a. 

Cyanogen,  Sulpb^dratea  of,  ii.  285).  . 
Sulpboxybenzoic  acid    ...         ... 

Sulphur        .....         .      .. 

Sulphur,  Bromides  of     .        .        .         .     533 

Sulphur,  Chlorides  of,  or  Sulphides  of 

chlorine       .....         .       .i^ 

Disulphide  of  Chlorine    .        .         .       

Protosulphide  of  Chlorine 

Tetrachloride  of  Sulphur 

Sulphur,  Cyanide  of    (s.  Sulphocyanic 

anhydride,  p.  516.)      .... 

Sulphur,  Detection  and  Estimation  of: 

1.  Reactions 535 

2.  Quantitatiye  estimation  and  sepa- 
ration   .••••.     637 

3.  Atomic  weight  of  sulphur  .        .    589 
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Sulphur,  Fluoride  of       ...        .    639 
Sulphur,  Iodides  of         .        .        . 
Sulphur,  Oxides  and  Oxygen-acids 

of 

Dioxide    of    Sulphur,    Sulphuioos 

oxide  or  anhydride  .  .  .  540 
Sulphurous  acid  ....  541 
Sulphurous  chloride  .  .  .  54) 
Sulphites,  metallic  . 
Sul|)liite8,    Alcoholic ;    Sulphuroua 

ethers 551 

Amyl^ulphurons  acid        .        .    652 
Diainylic  sulphite    . 
Benzylsulphurous  acid     .        .    558 
CumenylAulphurous  add  . 
Ethylsulphurous  acid 
EthylAulphuroun  chloride  .    554 

Diethylic  sulphite    . 
Ethvlaoiylic  sulphite        .        .    555 
MethylsuIpharouA  acid 
Methylsulphuroufl  chloride       .    556 
Dimethylio  sulphite 
Methyl-ethvlic  sulphite  . 
Chlorinated  methylsulphurous 

acid       .... 
Chloromethylsnlphorous  chlo- 
rides     .... 
Naphthylsulphuroufl  acid 
Naphtliylsulphuious  chloride 
Ethyl-naphtnylic  sulphite 
Naphthyl-thionamic  add . 
Bromo-,   Chloro-,    and    Nitro- 

naphthvlsulphuroos  adda 
Phenylsulphurous  acid     . 
Phenylsulphurous  chloride 
Thymylsulphurous      add      ^s. 
Gymylsulphuioua    acid,     iL 
2§8), 
Xylyuulphnrous  acid       .        .    5€6 
Sulphurous  ethers  containiiig  Dia- 
tomic Alcohol-radicles : 
Ethylcne-sulphurous  add       .        .    566 
Methylene-sulphurous  acid       .    567 
Naphthylene-sulphurous  add  .    568 
Phcnylene-sulphurous  acid       .      — 
Tritylene-sulphurous  acid         .    669 
Trioxide  of  Sulphur,  Sulphuric 

Oxide  or  Anhydride  ...  — 
Sulphuric  add  .  .  .  .571 
Sulphuric  bromide  ....  575 
Sulphuric  chlorhydrate  ...  — 
Sulphuric  chloride  ....  576 
Nitroaosulphunc  add  .  .  .  577 
Sulphates  of  Nitrosyl  or  Asotyl  .  — 
Sulphates,  Metallic  ...      — 

Sulphates  of  Aluminium  .        .        .    579 
Aluminic  double  sulphates: 

Aluma 580 

Sulphates  of  Ammonium  .        .      — 

Antimony,  Barium  .  .  .  584 
Sulphates  of   Bismuth,  Cadmium, 

Caesium,  and  Caldum  .  .  .  585 
Sulphates  of  Cerium  .  .  .  586 
Sulphates  of  Chromium  .  .  .  588 
Sulphates  of  Cobalt  .  .  .590 
Sulphates  of  Copper  ...  — 
Sulphates  of  Didymium,  Erbium, 

Gludnum 594 

Sulphates  of  Iridium  .  .  .  595 
Sulphates  of  Iron  ....  — 
Sulphate  of  Lanthanum  .  .  .  598 
Sulphate  of  Lead  ....  — 
Sulphate  of  Lithium  .  .  •  600 
Sulphate  of  Magnedum  .       .     — 
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Sulphates  of  Manganese  .       .        .  608 

Sulphates  of  Mercurv      .        .        .  604 

Sulphates  of  Molybdenum      .        .  605 
Sulphates  of  Nickel,  Osmium,  Pall*- 

dium 606 

Sulphates  of  Platinum    .        .        .  607 

Sulphates  of  Potassium   .        .        .  ~. 
Sulphates  of  Rhodium,  Rubidium, 

Ruthenium.  Silver       .                .  609 

Sulphates  of  Sodium                .        .  610 

Sulphate  of  Strontium    .        .        .  618 
Sulphates  of  Tellurium,  Terbium, 

Thallium 614 

Sulphates  of  Thorinum,  Tin    .        .  616 
Sulphates  of  Titanium,  Tungsten, 

Uranium 616 

Sulphates  of  Vanadium,  Yttrium, 

Zinc 617 

Sulphate  of  Zirconium    .        .        .  619 
Sulphates,     Alcoholic ;    Sulphuric 
Ethers.        .        .        .        .        .620 

AUyUulphuric  acid .        .        .        .  — 

Amylsulphuric  acid .        .        .        .  — > 

Butyl-,  Capryl-,  and  Cetyl-sulphuho 

adds 621 

Ethylsulphuric  acid        .        •        •  622 

Diethylic  sulphate  ....  624 

Sulphcthamic  acid  ....  625 

Methylsulphuric  acid      .        .        •  626 

Dimethylic  sulphate        .        .        .  — 

Octylsulphuric  acid ....  — 

Phenylsulphuric  add        .        .  627 
Appendix  to  Phenvl$ulphuric  acid 

Paraphenylsulphurous  acid     ^ .  628 

Dibromophcnylsulphuroufl  add  — 

Diazophenylsulphurous  add    .  — 
Diazodibroinophenylsulphurous 

add       .        •        .        .        .  — 

Tetrylsulphuric  add        .        .        •  629 

Tritylsulphuric  add         .        .        .  — 
Hyposulphurous    or   Thiosulphurio 
acid      ......— 

Dithionic  or  Hyposulphuric  acid     •  680 

Trithionicadd 689 

Tetrathionic  acid      ....  641 

Pentathiouic  add    ....  648 

Sulphur-acids  or  Sulphanhydrides  .        .  648 

Sulphur-ba«8                  .        .        .        .  — 
Sulphuret  (s.  Sulphide,  p.  482). 
Sulphuric  add  and  anhydride  (p.  669). 
Sulphuric  chloride  (p.  576). 
Sulphuric  ethers  (p.  620). 
Sulphurous  add  and  anhydrides  (p.  640). 
Sulphurous  chloride  (p.  542). 
Sulphurous  ethers  (p.  551). 

Sulphur-salts — 

Sulphurj'l 644 

Sumach — 

Sumbulamic  add — 

Sumbul- balsam  (s.  Sumbul-root) 

Sumbulic  add  ....••  — 

Sumbuline -" 

Sumbul-oil — 

Sumbul-ioot ^ 

Sundvikite 64* 

Sonstone — 

Super — 

Superphosphate — 

Surinamine — 

Surturbrand — 

Susannite  or  Suzannite  .        .        .        •  — 

Svanbergite — 

Swaga — 

Swamp-ore     ......— 

b2 
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Swietenia 646 

Sycocerylic  add — 

Sycooerylic  alcohol         ....  — 

Sycocerylic  aldehyde     ....  646 

Sycocerylic  ethers          •        •        •        •  "Z 

Sycoretin 6"*7 

Syenite — 

Syepoorite — 

Syhedrite — 

Sylvan — 

Sylvanite — 

Sylvic  acid 648 

Oxysylvic  acid        ....  660 

Sylvine  or  Sylvite — 

Sylvinolic  acid        .....  — 
Symbols,  Chemical  (s.  Formula,  iL  696 ; 
'and  Notation,  iv.  186). 

Symmorphosis — 

Sympathetic  mk — 

Symphytum — 

Symplesite 661 

Synantherin  (a.  Sinistrin,  p.  811). 
Synaptase  (s.  Emulsin,  ii.  486).; 

Syndesmides  .        .        .        .  '     .        .  — 

Syno\'ia — 

Synthesis,  Chemical        ....  — 

Syntonin — 

Syria 652 

Syringa — 

Syringenin — 

Springopcrin 663 

Syrup — 

Szajbelyite — 

Sz€»ko    .        .       .        *       .        .       .  — 


T 

Tabasheer 668 

Tabergite — 

Tabular  spar — 

Tacamahac 654 

Tachyaphaltite — 

Tachydrite — 

Tach^lyte  ■ — 

Tieniin — 

Tagilite — 

Tagua-nut — 

Ta-hong — 

Taigu  wood 656 

Taiguic  add — 

Takouravc  (s.  Nephrite,  iy.  81). 

Talc — 

Talc,  Indurated 666 

Talc,  White — 

Talc-alum — 

Talcapatite — 

Talc-chlorite  (s.  Clinochlore,  L  1026) 

Talc-iron-ore ~- 

Talc-ironstone — 

Talc-garnet — 

Taldte  or  Talkite _ 

Talcold — 

Takose  slate _ 

Talliooonah-oil  (s.  Carapa-oil,  i.  749). 

Tallingite — 

Tallow 667 

Talmigold — 

Ta-lou — 

Taltalite — 

Tamarinds -— 

Tamarite — 

Tamarix 668 

Tamtams — 

Tanaccticacid — 
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Tanacetin 658 

Taoacetum — 

Tanah-ampo — 

Tanghinia — 

Tangiwaite 659 

Tankite — 

Tannaspidic  acid — 

Tannecortepinic  add      ....     — 

Tannenite — 

Tannic  add.  Tannin  .  .  .  .  — 
Tannigenamic  add  (s.  Gallamic  add,  iL 

769). 
Tanningenic  acid  (s.  Catechin,  L  816). 

Tannomelanic  acid 661 

Tannopic  add — 

Tannoxylic  acid — 

Tansy — 

TanUlite — 

Tantalum 662 

Tantalum,  Bromide  of  .  .  .  .  — 
Tantalum,  Chloride  of  .  .  .  .  — 
Tantalum,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions      .        .        .  663 

2.  Reactions  in  solution  ...  — 
8.  Estimation  and  separation  .  .  661 
4.  Atomic  weight  of  Tantalum        .     — 

Tantalum,  Fluoride  of    .        .        •        .665 
Tantalum,  Nitride  of      .        .        .        .  — 
Tantalum^  Oxides  d      ,        .        .        .  — 
Dioxide  or  Tantalous  oxide     .        .  — 
Pentoxide,  Tantalic  oxide,  or  Anhy- 
dride          — 

TantaUcacid       ....  666 

Tantalates — 

Ferrous  Tantalate;     TaniaHU 

and  TtgiMolite         .        •        .  — 
Tantalate  of  Yttrium;  TUndam- 

tafiU 668 

Tantalum,  Sulphide  of  •        .        .        .669 

Tapanhoacanga — 

Tapioca — 

TapioUte — 

Tar — 

Taraxadn 670 

Taraxacum — 

Tamowitzite 671 

Tartar — 

Tartar-emetic 672 

Tartaric  acid — 

Dextrotartaric  add ....  678 

Lievotartaric  acid    ....  674 

Tartrates 675 

Tartrates  of  Mooatomic  metals    .  677 

Tartrates  of  Diatomic  metals        .  680 

Tartrates    containing   Triatomic 

metals  and  Metalloids 

Adda  iaomerie  with  Tariaric  Add: 

Raccmic  or  Paratartaric  add  (p.  34). 

Inactive  Tartaric  or  Mesotartaric 

acid 

Metatartaric  add    .... 

Glycotartaric  add   .... 

Adda  derived  from  Tartaric  Add  by 

the  aubatitutum  cf  Add  RadideM 

for  the  Alcoholie  Hydrogen: 

Diacetotartaric  acid  and  anhydride. 

lienzotaitaric  add   . 

Dibromotartaric  add        .        .        .  690 
Nitrotartaric  add 
Tartaric  amides 
Tartaric  anhydrides 

Ditartanc  add 691 

Tartrclic  add  . 
Insoluble  tartaric  anhydride 


683 


687 
688 
G89 
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TarUnc  Ethers 691 

a.  Neutnd  Ethertenftitunimg  Momttomic 
Alcohol  Radicles : 
Kthylic  tartrate,  or  Tartaric  ether  .     692 
Acetotartaric  ether ....      — 
Diacetotartaric  ether       ...      — 
Benzotartaric  ether.        .        .        .698 
Acetobenzotartaric  ether.        .        .      — 
Succinotartaric  ether       .        .        .    694 
Methylic  tartrate    ....      — 
0,  Acid  Ethers  catUainimg  MomatotiUe 
Alcohol  Badicles: 
Amyltartaric  acid    . 
Ethyltartaric  acid    . 

Ethylbenzotartaric  add  .        .        .    695 
M ethyltartaric  acid . 
Citrotartaric  acid     ....    696 
y.  Tartaric  Ethers    amimmng    Pofy' 
atomic  Alcohol  Radicles : 
Glucosotartaric    acid;  Glycero-tar- 
tario  add  Ac        ....      — 

Tartarin — 

Tartania  .......-— 

Tartralic  acid  (a.  Ditaitaric  acid,  p.  691). 

Tartramcthane — 

Tartramic  add 


697 


Phenvltartramio  add 
Tartramide 


Diphenyltartramide         ...      — 
Tartramylic  add  (s.  Amyltartaric  add, 

p.  694). 
Tartranil  (s.  Fhenyltartramide). 
Tartranilic  add  (s.  Phenyltartramic  add, 

p.  679). 
Tartraniiide  (8.Pheoyltartramide,p.  697). 
Tartrates  (p.  675). 
Tartrelic  acid  (p.  691). 
Tartrethylic  acid  (s.  Ethyltartaric  add, 

p.  694> 

Tartrimide 698 

Tartroglyceric  add  (s.  Glycerotartaric 

acid,  iL  893). 
Tartromethylic  acid  (s.  Methyltartaric 

acid,  p.  695). 

Tartronic  acid. — 

Tartrovinio  add  (s.  Ethyltartaric  add, 

p.  694). 

Tartryl — 

Tartrylic  add  (s.  Tartaric  add). 

TaHmanite — 

Tauna»-date -^ 

Taarine 690 

Tauriscite 700 

Taurochenocholic  add    .        .        •        •      -^ 

Taurocholic  acid — 

Taurylic  acid 701 

Taotodine 702 

Tautolite — 

Taxin — 

Tayutin — 

Tcba-lan — 

Tchinguel  oakcaoy — 

Tea — 

Teak 705 

Tears  (s.  Serous  fluids,  p.  286). 

Tectizite — 

Tectona  (a^  Teak). 

Teeth ~ 

Tekoretin 707 

Telaesin  or  Telescin       ....      — 

Telerythrin — 

Tdesie  (s.  Corundum,  iL  86). 
Tellunroyl  (s.  Amyl,  Tellnride  of,  1 206). 
Tellorates  (p.  716). 
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Telliirethyl  (s.  Ethyl,  TeUuride  of,  il 
5o0). 

Tellurhydric  add  (s.  Hydrogen,  TeUu- 
ride of,  iiL  204). 

Telluric  add  (p.  716). 

Telluric  bismuth  (s.  Tellurides). 

Telluric  ochre 707 

Telluric  silver  (s,  Tellurides). 

Tellurides  and  Tellurhydrates       •        .      — 

Tellurites  (p.  714). 

Tellurium 709 

Tellurium,  Alloys  of  (s.  TeUorides,  p. 
707). 

Tellurium,  Bromides  of .        .        .        .    710 

Tellurium,  Chlorides  of .        .        .        .      -i- 

Tellurium,  Detection  and  estimation  of: 

1.  Blowi>ipe  reactions     .        .        .711 

2.  Reactions  in  solution  .  .  .  — > 
8.  Estimation  and  separation .  .  712 
4.  Atomic  weight  of  Tellurium       .      — 

Tellurium,  Fluorides  of .        •        .        .  713 

Tellurium,  Iodides  of     .        .       .        .  — > 
Tdlurium,  Oxides  and  Oxygen-adds  of: 

Tellurous  oxide  or  anhydride         .  — 

Tellurous  acid — 

TeUurites 714 

Telluric  oxide  or  anhydride    .        .  716 

Telluric  acid — 

Tellurates — 

Tellurium,  Selenide  of  .       .       .       .  718 

Tellurium,  Sulphides  of.        .        .        .  — 
Telluromethyl  (s.  Methyl,  Tellnride  of: 
iii.  992). 

Tellurous  salts 719 

Temperature  (s.  Heat,  iiL  18). 

Tempering — 

Templin-oil    .••...  — 

Tennantite 720 

Tenorite — 

Tephrolte — 

Tephrosia       .....•  — 
Tcracrylic  add  (s.  Fyrotereblc  add,  iv. 
776). 

Teratolite — 

Teratonatrite — 

Terbium  and  Erbium       .        .        .  — 

Tcrebamic  acid 723 

Terebamide — 

Terebene — 

Terebenic  add  (s.  Terebic  add). 

Terebenthene — 

Terebentilic  add — 

Terebenzic  acid — 

Terebic  add — 

Terebic  ethers 725 

Terebilic  acid  (s.  Terebic  add). 

Terecarophene — 

TereArysic  or  Terecrylic  add       .        .  — 

Terenite — 

Terephthalamide  (p.  726). 

Terephthalic  add — 

Nitroterephthalic  add     •        .        .  — 

Terephthalic  amides       ....  726 
Terephthalic  chloride     .        .        .        .727 

Terephthalic  ethers        ....  — 
Terephthalyl-nitrile    (a.    Terephthalic 

amides,  p.  726). 
Teropiammone  (s.  Opianic  acid,  Amides 
of,  iv.  206). 

T^JST*  V"-  Turpentine-oU,  Hydrates 

Terpinol  )     ^>- 

Terra  Catechu  (s.  Catechu,  L  816). 

Teiim  di  Siena — 


Tflirm  foliate  TuUrl       . 
Terrajaiiunica        .... 
Terralpmnia  .... 

Ten*  iDimculoM    .... 
Terr*  muruiic*      .         .        .        . 

Tena  pond«ro«      .         .        .        . 

T«m  k-ttrescibilii  .... 
i.  Ul). 

Tetwtine        .'.'.'.'. 
Tetartobcdi7  {r.  Cryttallograiiby,  ii. 

TMrm  ' 

Telnduitc  (■.  Sopolite,  p.  IDS). 

TetnulecylotTelradecatyl    . 

TMmlymile 

TetiahedriM 

(s.  Ilero 
917). 


Jiur,  Osygen- 
4d>eiiiidiiic,  IT, 


Telrvl,  Aretatei  of. 
Telrj-I  AlcuhiilB 

'I'elrjl,  Bn)mide  of 

Teliyl,  Csrbonale  of  (a.  Cwbouic  crben, 

Tcrrvl,  Chloride  nf 

Tetryl,  Cyanide  of  (^  Cvaniiks,  ii,  272). 
Tetry],  Formate  of  (g.  formic  tibtn,  ii. 


Tetrvl,  Ilydiate  of. 
Tetryl,  Hydride  of. 

Tetrvl,  Iodides  of   . 


(a.  Sulphuric  ethen, 


Tetryieoic  alcohol  , 
Teriyleuictimniide. 
Tetri'lcnic  cliiuriilr 


Sulphuric 

P.78S). 


TcutloM. 
Teaalile. 

TbakcctoDe    '. 

Thalile  . 

Thalleiochin  .... 

Thallih!  (a.  Eiddolt,  iL  190). 


Thallium    . 

Thallium,  Alley*  of 

ThalllotD,  Uromidn  of 

Thallium,  Chlorides  of 

Thallium,  Cyanide  of 

ThalUum,  Deleclioa  and  EeamalHii  of: 

1.  KeactinRB  in  the  diy  wajr 

1,  Kcactiona  in  anlution  . 

8.  Enlimation  and  eeHraliol]  . 

4.  Atomic  weight  of  Thallium 
Thallium,  Fluoride*  of  . 
Thallium,  lodidei  of 
Thallium,  Uxides  of        . 
ThalUum.  Oxrgen-Mlta  of 

a.  ThallioDa  aalta    . 

0.  Thatlic  lalla 
Thallium,  Phiwpbide  of  . 
Thallium,  Sdenide  uf    . 
Thallium,  SulphUle  of    . 


Thallochlore  . 
ThinndiM  {it  Bitter  « 
Thehaine 
Thehelactic  acid    . 


Tlieimnphvllite 
Tlwrmwta't  . 
Therythrin      . 


Tlilaniiu.1  .... 
Tliiencbitd  .... 
Tliiithaldine  (*.  F.thvl-thialdine, 


"hliidiacttic  add 


'  1'litnfucUBol     . 

'  Thiofurfol  or  Thiofuifurul 

!  Thiomelanic  acid   , 
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Thiomethaldine  (a.  Methj-lthialdine,  ]>. 

Thionainic  acid 

Thionamide 

Thionaphthalic  acid  (s.  Napbthylsulphu- 

rrms  acid,  p.  560). 
Thionaphthamic  or  Naphthylsalphamic 

acid 

ThioncsAal      ...... 

Thionuric  acid 

Thionyl 

Tbionvlamic  acid  (s.  Thionamic  acid, 

p.  778). 
Thionvlamide  (s.  Thionamide,  p.  778). 
ThiophoHphamic  acid 
Thiophosphodiamic  add 
Thiosalicol 
Thiofiinamine  . 

Bromothiosinaniine 

Amylthiosinamine 

Kthylthiosinamine 

M  et  h  ylthiosinamine 

Naph'thylthiosinamine 

Phenylthioftinamine 
Thiosinaniline  (s.  Phenylthiosnamine) 
TliioBinnaphthvlamino    (a.     Naphthyl 

thioHinamine). 
Thiotoluic  acid 
Thiotoluolic  acid     . 
Thiovaleric  acid 
Thjdrea  Lava  . 
Thjbreanite     . 
Thomaite 
Thomson  ite     . 

Thorina  (s.  Thorinum,  Oxide  of,  p. 
Thorinum   . 
Thorinum,  Bromide  of 
Thorinum,  Chloride  of 
Thorinum,  Detection  and  Eatimation  of 
Thorinum,  Fluoride  of    . 
Thorinum,  Iodide  of 
Thorinum,  Oxide  of;  T%jrina 
Thorinum,  Oxychloride  of     . 
Thorinum,  Oxygen-aalts  of    . 
Thorinum,  Oxysulphide  of     . 
Thorinum,  Phosphide  of 
Thorinum,  Sulphide  of 
Thorite  . 

Thorium  (s.  Thoriniim). 
Thraulite 
Thridacium     . 
Thrombolite   . 
Thsing-hoa-Iiao 
Thuja     . 

Thujene  (s.  Thujone). 
Thujetic  acid  . 
Thujetin 
Thujigenin     . 
Thujin     . 
Thujone . 

Thulite  (a.  Epidote,  il  490). 
Thumite  (a.  Axinite,  L  477). 

Thuringite 

Thyme,  Oil  of 

Tbymeid  (a.  ThymoTl,  p.  793). 
Thymene        ...••• 
Thymicic  add  (a.  Thymotic  add,  p.  795). 

Thymine 

ThjrmoTl 

Thjrmodamide;  Thymoltie  add;  Thy- 

mono!  (a.  Thymoo). 
Thymol 

Pentabromothymol .... 

ChlcHTothymob        .... 

Nitiotbymola 
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774).  I  Thymotic  add 796 

778  Thj-motide 796 

Thymus  (s.  Thyme,  OH  of,  p.  791). 

Thymus-gland — 

Thymyl 797 

Thymyl,  Hydride  of      .         .        .        .  — 
Thymylsulphuric  add    ..,.—. 

779  !  Thymylsulphurous  acid  (s,  Gymylaol- 
—        phurous  acid,  il  299). 

780  Ticunas  Poiaon 

Tile  ore — 

Tilkerodite — . 

Tillandsia — 

Tima 798 

Timazite — . 

781  ;  Tin — 

Occurrence  and  diatrihatJoa   .        .  -« 

782  MeUllurgy 799 

Propertiea 808 

Tin,  Alloys  of 804 

783  Tin,  Bromidea  of «05 

Tin,  Butter  of 806 

Tin,  Chlorides  of — . 

Dichloride  or  Stannous  Chloride     .  — 

Sesquichloride         ....  807 

Tetrachloride  or  Stannic  Chloride  .  808 
Tin,  Cyanide  of  (s.  Cyanides,  iL  273). 
'84    Tin,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions      .        .        .  810 

2.  Keacticms  in  solution  ...  — 
8.  Quantitative  estimation      .        .811 

Volumetric  estimation    .        .  812 

4.  Separation  from  other  metida      .  — 

5.  Atomic  weight  of  Tin         .        .  818 

785  Tin,  Fluorides  of — 

Tin,  Iodides  of 814 

Tin,  Oxides  of: 

786  Protoxide  or  Stannous  oxide  .  .815 
Sesquioxide 816 

787  Dioxide  or  Stannic  oxide  .  .  — 
Stannic  hydrates  and  salts  .  .817 
Stannic  acid  and  stannates  .  .  818 
Metastannic    add    and   Metaatan- 

'88               natca 820 

Tin,    Oxychloride,    Oxvfluoride,    and 
Oxyiodide  of  (pp.  807,  818,  814). 

Tin,  Phosphide  of 821 

Tin,  Sclenides  of — 

Tin,  Sulphides  of 822 

Protoaulphide    or    Stannous    sul- 
phide      — 

S^uiaulphide         ....  — 

Disulphiae  or  Stannic  sulphide      .  — 

Sulphostannates       .        .        .  828 

789  Tm,  Sulphochloride  and  Snlpboiodide  of 
(pp.  809,  814). 

790  Tincal 824 

Tin-ore — 

791  Tinplate — 

Tin-pjTitea — 

Tin-radiclea,  Organic      ....  — 

Stannethyla         .....  825 

791  Stannmethyla 882 

Stannamyla 886 

792  TiroUte  (a.  TyroUte) 

&c'?cid}     B.  Titanium  (p.  844). 

Titaniferous  iron  (p.  846). 

Titanite — 

Titanium — 

798    Titanium,  Alloys  of        ....  886 

794  Tlumium,  Bromide  of    •        .        .        .  — 
Titanium,  Chlorides  of    .                .        .  — > 

795  1  Titanium,  Cyaoidca  of  (s.  Cyanides,  it  27S). 


1112 


INDEX   TO 


842 

844 
845 
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Utaniuni,  Detection  and  Estimation  of 

1.  Illowpipc  reactions      .        .        .    837 

2.  Kcactions  in  solution  .        •        .    838 

3.  Estimation  and  separation 

Volumetric  estimation      .        .    839 

4.  Atomic  weight  of  Titanium  .  840 
Titanium,  Fluorides  of  . 
Titanium,  Iodides  of  .  .  .  .841 
Titanium,  Nitrides  of  .  . 
Titanium,  Nitrocyanide  of  . 
Titanium,  Oxides  of: 

Protoxide    .... 
Sesquioxide  or  Titanous  oxide 
Dioxide  or  Titanic  oxide    . 
Titanic  acid     . 
Titanates  .        . 

Titanium,  Oxychloride  of  (p.  837) 
Titanium,  Oxylluoride  of  (p.  840) 
Titanium,  Sulphide  of    . 
Titanium-green 
Titanium-sand 
Titanium-steel 
Titration         .... 

Tiza 

Tobacco 

Tobacco-camphor    (s.    Nicotianine,    iv. 

44). 
Tobacco-oil      .... 
Tobacco-seed  oil      .        .        . 
Toddalca  (s.  Lopez-root,  iil  733). 
Tolallylsulphide      . 

Tolene 

Tolid 

Tolin  (s.  Toluene) 
Tolu-balsam  (s.  lialsam,  I  498). 
Toluamic  acid  (s.  Oxytoluamic  acid,  iv. 
821). 

Toluene  or  Toluol — 

Amidotoluene  (s.  Toluidine,  p.  865). 
Azot^duenes    (s.   Azotoluidines,    p. 

867). 
Bromotoltienes         ....    852 
Chlorotoluencs         ....    853 

Ethyltoluene 857 

Uydroxyltoluene,  Crcsol,  or  Cresylic 

Alcohol         .....      ^ 

Methyltoluene         ....      — 

Dioxvmethyltoluene    ...      — 

Kitrotoluencs — 

Oxyt(»lic  acid 858 

Sulphur-ilcrivatives  of  Toluene,  and 
com|H>und8  isomeric  with  them  : 


851 


containing 


I^nzylic  sulphydrate 
Tolucnic  sulphydrate 
Benzylic  sulphide     . 
Oxybenzylic  sulphido 
Benzylic  disulphido 
Toluenic  di!«ulpliide 
OxvhenzvHc  disulphido 
Toluene-sulphamido 
Toluene-sulphobrDmide  . 
Tolaene-flulphochlorido  . 
Toluene-sulpliuric  acid   . 
Toluene-sulphurous  acid 
Toluenyl  (s.  Tolyl). 
Tolu-euf^enyl  (s.  Eugenotoluic  aniiydridc, 

ii.  605). 
Tolu^riycic  rtcid  (s.  Toluiic  acid,  p.  868) 
Toluic  or  Toluylic  acid  . 
IfKlotohiic  acid 
Nitrotoluic  acid 
Nitrotoluic  ethers 
I>initn»toIuic  ethers 
Oxytoluamic  acid    . 


858 


859 


860 
861 


Toluic  or  Tolaylic  add  (amimmtd) — 

Alphatoluic  acid 

Parachlorotoluic  acid 
Toluic  aldehyde      .        . 
Toluic  anhvdride    . 

Salicylotoluic  anhydride 
Toluic  Chloride 
Toluic  ethers  . 
Toluidenc  or  Benzylidene 
Toluides .... 
Toluidine 

Phenyltoluidine 

Benzyltoluidine 

Dibenzyltoluidine   . 

Derivatives  of  Toluidine 
Aldehyde- radicles 
Azotoluidine 
Azoditoluidine     . 

Azophenyl-tolyldiamino 
Benzylamine    .        . 

Dibeozylamine    . 

Tribenzylamine  . 

Phenyl-benzylamine 
Toluol  (s.  Toluene). 
Toluolic  acid  (s.  Toluic  acid). 
Toluonitrile  (s.  lienzylcyanide,  i.  673). 
Toluosalicyl,  or  Toluosalicylol  (a.  Sali- 

cylol,  p.  170). 
Toluric  acid  .  .  . 
Toluyl  .... 
Toluylamine  .  .  . 
Toluylene  .  ,  , 
Toluylic  acetate 

Toluylic  add  (s.  Toluic  acid,  p.  8451 ). 
Toluylic  alcohol 
Toluylic  chloride    . 
Toluvlic  sulphide  and  sulphydrate 
Tolyl  or  Benzyl 

Amidobenzyl  .        .        , 
Bromobenzvls .        .        . 
Nitrobenzyl     . 
Tolylacetamide 

Tolylamine  (s.  Benzylamine,  p.  86 
Tolylaniline    . 
Tolylbenzamide 
Tolylcarbamide 

Tolyl-diplienvl-rosanilinc  (iv.  473) 
Tolyleiie  (s.  Benzylene,  i.  677). 
Tolylcne-diamine  . 
Tolylene-triamines . 
Tolyl-ethyl-urea  . 
Tolyl-phenvlamine. 
Tolylsalic^-lamide  . 
T<ilylsuccniimide  . 
Tolylsulphurous  bromide,  chloride, 

hA'dride 
Tolyl- thiosinamine.        . 
Tombac  .... 
Tombazite 

Tonka-beana  .        .        . 
Topaz      .... 
To[)az-rock 
T<i]>azolitc 
Torbanito 

Torbcritc  (h.  Uranite). 
Tormentilla    . 
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863 
864 


865 
866 


867 


868 


869 


). 


870 


871 


872 


aiid 


862 
863 


}m^\o 

Torrclite  (s.  Xiobito). 
Torricellian  vacuum        .        .        .        , 
Touloucouna  or  Tulucuna  oil  (s.  Caraiiii 
oil,  i.  749).  * 

Toulouron  oil 

Tourmaline * 

Tourmaline,  Artificial     .        .        .        \ 


873 


874 


875 


«77 
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Tourmalnc-rock  and  Tounnaline-sUte .  877 
Towanitc  (h.  Copper-pyrites,  it  77). 

Trachydolerite — 

Trachyte — 

Tragacanth  (s.  Gum,  iL  955). 

Tragnpof^n    ......  — 

Traiwpiration 878 

TransudatioD — 

Trap — 

TrajMi — 

Tnwfl — 

Traversellite — 

Travei^iine      ......  — 

Trehala  or  Tricala — 

Trehalose  (s.  Mycose,  iii  1068). 

Tremella. — 

Tremenheerite 879 

Tremolite — 

Tri — 

Triallyl-sulphiodide        ....  — 

Triamyl-glycerin — 

Triamylidene  (s.  TrioxamyUunine). 

Trianosperma — 

Tricala  (s.  Trehala). 

Tricapronylamine     (s.     Tricenanthyla- 

mioe).  ' 

Tricarballylic  acid — 

TricartMillylic  ethers       ....  880 

Trichalcite — 

Trichopyrite ~- 

TriclaAite  (s.  Fahlanite,  ii.  615). 
Tridacium  (s.  Thridaciom,  p.  788). 

Tridftcyl,  Hydride  of  — 

Triethylglycerin  or  Triethylin       .        .  — 

Triethylsulphine 881 

TriethylsulphurouB  compoQiida       .        .  — 
Triethvl-tntylphydtc  (p.  895). 

Trifolium 888 

Trigenic  acid — 

Triglochin 884 

Triglycollamic  acid  (s.  GlyooUamic  acidSf 

ii.  i)05). 

Triheptylamine       .....  — 

Triheptylidene-dirosaniline     .       .        •  — 
Trihydrocarboxylic  acid  (s.  Hydrocar- 

boxylic  acids,  iii.  189). 
Trimcrcuranil,  Nitrate  of  (iv.  475). 

Triroethyl-glycerin  or  Trimethylin        .  885 

Trimethylsulphine  .....  — 

Trimethylsulphurous  compounds   .        .  — 

Trimethyl-tellurons  compounds      .        .  886 
Trimor^hism  (s.  Dimorphism,  ii  831). 

Trinacnte — 

Triccnanthylamine  (s.  Triheptylamine^ 

p.  884). 
Tnccnanthylidene-dirosaniline  (p.  884). 

Trioilite ~ 

Trioxamylamine     .        .        .        .        .  — 
Trioxy alizarin  (s.  Purpurin,  iv.  751). 
Trioxyprotein  (s.  Protein,  iv.  788). 

Tripe-stone — 

Triphane — 

Triphylline     ......  — 

Triple  salts — 

TripUte — 

Tripoclaso  (s.  Thomsonite,  p.  784). 

Tripoli 887 

Trithionic  acid  (s.  Sulphur,  Oxygen-adds 

of,  p.  639). 

Triticin — 

Triticum ^ 

Tritomite <— 

Tritoxide — 

Trityl  or  Propyl — 


PAOR 

Trityl  alcohols 889 

Tritvl  others 890 

Trityl,  Hydride  of 891 

Trirylarome  or  Propylamine  ...  — 
Tritylene  or  Propylene  ....    892 

Tritylenic  alcohol — > 

Tritylenic  ethers — 

Tritylphycite  or  Propylphydte      ,        .    898 

Tritylphydtic  add 894 

Tritylphydtic  dichlorhvdrin  ...  — 
Tritylphydtic  dichlorobromhydrin  .  — 
Tritylphydtic  ethers  ....  895 
Trombolite  (s.  Thrombolite,  p.  788). 

Trona ^ 

Troostite — 

Tropnolum     .        .        .        ...       .      — 

Tropine — 

Truffle 896 

Tcheffkinite  or  Tschewkinite         .        .      — 

Tchen — 

Tchermi^te 897 

j  Tschewkmite  (s.  Tscheffkinite). 

Tschomosem — 

Tse-hong ^ 

Tsing-lien '— 

Tub&r  cibarium  (s.  Truffle,  p.  896). 

Tuesite  ....  ,        ,      .. 

Tufa — 

Tulip-tree — 

Tulucuna,  Tulicoona,  or  TaUiooona  oU, 

fs.  Carapa  oil,  L  749). 
Tuiucunin 
Tungsten  . 
Tungsten,  Alloys  of 
Tungsten,  Bromides  of 
Tungsten,  Chlorides  of 

Oxychlorides  . 
Ttmgsten,  Detection  and  Estimation  of 

1.  iUowpipe  reactions 

2.  Reactions  in  solution  .        . 

3.  Estimation  and  separation  . 

4.  Atomic  weight    .        .        . 
Tungsten,  Fluoride  of    . 
Tungsten  mineral  .... 
Tungsten,  Nitride  of      .        .        • 
Tungsten,  Oxides  of: 

Dioxide  or  Tungstous  Oxide  • 

Trioxide,  Tungstic  Oxide,  or  Anhy- 
dride     

Tungstates      .... 

Metatungstates 
Tungtiten,  Oxy bromides  of  Cp,  899). 
Tungsten,  Oxychlorides  of  (p.  900). 
Tungsten,  Phosphides  of 
Tungsten,  Sulphides  of 

Sulphotungstates 
Tungsten-methyl    . 
Tungsten  compounds 
Tungstosilidc  adds 

Silicotun^stic  acid 

Tungstosilicic  acid 

Sili(^-decitungstic  add    . 
Tungstoso-tungstic  compounds 
Tun^tous  compounds    .        . 

Tumcin 

Tuibeth  (s.  Tuipeth). 

Turgite 

Turmaline  (s.  Tourmaline,  p.  875) 
Turmeric        .... 
TumbuirsDlue      . 
Tumerite        .... 
Turner's  Yellow     . 
Turnip  (s.  Brassica,  L  664). 
Turpentme 


898 

899 
900 

901 


902 


908 


904 
911 


918 
914 

915 


918 


919 
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Turpentine  camphor      ....  920 

Turpentine  gall-nuts       ....  — 

Turpentine,  Oil  of — 

Compounda  of  Turpentine-oil  with 
Hydrochloric,  Hydrohromic,  and 

Uydriodic  acids  ....  922 

Hydrates  of  Turpentine-oil     .        .  923 
Molecular  transfoimation  of  Tuipen- 

tine-oU 924 

Substitution-products    of    Tuipen- 

tine-<nl 925 

Turpentine-varnishes     .       .        .       .  — 

Turpcth  or  Turbith  mineral    ...  — 

Turpeth  or  Turbith  root         .        .        .  — 

Turpethic  acid 926 

Turpcthin — 

Turpetholic  acid — 

Turrite  (s.  Rutile). 

Tussila^o — 

Tnrquois         ......  — 

Type-metal — 

T^'pes,  Chemical — 

Typha 930 

Tyrite  (b.  Niobates,  iv.  55). 

lyrolite — • 

Tyrosine         ......  — 

Amidotyrosine         ....  933 

Dibromotyrosine     ....  934 

Nitrotyrosine — 

Dinitrbtyrosine        ....  — 

Erythrosin 935 

TyrcMine-sulphuric  add          ...  — 


U 

Uigite 935 

Ulexite  (s.  Borocalcite,  i.  643). 

Ullico — 

Ullmanitc 936 

Ulmaric  acid — 

Ulmic  acid,  Ulmin         ....  — 

Ulmous  or  Humous  substances      .        .  — 

UlmuB — 

Ultenite — 

Ultramarine — 

Ulva 938 

Umbellic  acid — 

Umbolliferone — 

Umber 939 

Un^hwarite — 

Unio — 

Unionite         .        .        .        ...        .  — 

Unitary  theory — 

Upas — 

Uraconise 940 

Uralite — 

Uralite-porphyry — 

Uralorthitc — 

Uramil  (s.  Dialuramide,  ii.  315). 

Uramilic  acid — 

Uranates ,      

Uranic  add .... 

Uranite — 

Uranium — 

Uranium,  Bromides  of  .        .        .        .  942 

Uranium,  Chlorides  of  .        •        •        .  — - 

Uranium,  Cyanides  of    .        .        •        .  — 
Uranium,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions     .        .       •  943 

2.  Keactions  in  solution  .        .        •  — 

3.  Estimation  and  separation  .        .  — 

4.  Atomic  weight  of  Uraninm  .  944 
Uranium,  Fluorides  of  •  •  .  .  946 
Uranium,  Iodides  of       •       ,       .       .  — 


PACK 

Uranium,  Oxxdet  of       • 

.    945 

Uranous  oxide 

.    946 

Uranoso-uranic  oxide 

,      .. 

Uranic  oxide  . 

.    947 

Uranates  . 

.      .i. 

Uraninm,  Sulphides  of  . 

.    948 

Uranium-green  —  Uranyl 

.    949 

Urao       .... 

.           ^^ 

Urari  (s.  Cnrara,  il  185). 

Urdite    .... 

^^^ 

Urea      .        .        .        .        - 

.    950 

Compounds  of  Urea 

.        • 

.    953 

Substitution-derivatives  of  Urea 

.    954 

Ureides  .... 

^^^ 

Uret        .... 

.                   a 

__ 

Urethamylane,  Urethane,  Urethylane    . 

— 

Uric  add 

.                   . 

.    955 

Urates     . 

•                   .                  a 

956 

Pnxlucts  formed  from  Uric  add  by 

oxidation,  &c 

• 

.» 

Glvcolnric  add. 

960 

Bromacetyluieas 
Glycoluril 

_ 

— 

Barbituric  add . 

961 

Urine     .... 

963 

Urinary  sediments  and  calcaM 

965 

Analysis  of  urine    . 

966 

Urine,  Fusible  salt  of     . 

968 

Urine,  Spirit  of 

-^ 

Urochrome  —  Urorhodin 

_ 

Urosteatite     •       • 

.. 

Uroxanic  add. 

969 

Ursone   .... 

,^ 

Urtica    ....... 

970 

Usnic  add  or  Usnin 

.                  •                  . 

Uvitic  and  Uvitonic  adda 

•                  •                  • 

971 

Uwarowite     . 

•                  •                  . 

— 

Vaccinic  acid 

Vaccinium      ..... 

Vacuum 

Valene  (s.  Yalerone). 

Valendanite 

Valentinite     .  .        .        .        . 

ValeracetonitrUe 

Valend 

Compounds    and     derivatives    of 
vaieral 

Valeraldine 

Valeramic  acid  (a.  Amidovaleric  acid,  p. 
978). 

Valeramide 

Valeramine 

Valeranilide 

Valerates  (p.  976). 

Valerene  (a.  Amylene  and  Bomeene). 

Valerian. 

Valerianic  or  Valeric  add 

Valerates 

Amidovaleric  add  . 

Bromovaleric  acid  . 

Chlorovaleric  adds . 

Nitrovalcric  add      . 
Valerian-oil    . 
Valeric  aldehyde  (s.  Vaieral, 
Valeric  anhydride  . 
Valeric  bromide  and  chloride 
Valeric  ethers 
Valeric  iodide.        .        . 
Valeric  oxides 
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972 


974 


975 


p.  978). 


976 
978 


979 


980 
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Valcrolictte  icid 

Valfronitrile  <•■  Cyuide  of  Tctirl,  iL 

ST2). 
Talnii};!         .       ... 


V.lfryl 

Vklen-lamidic  uid  («.  AmidortJeric  acid, 

p.  97St. 
T«lenl-butvl  (».  Vilewne,  p.  981), 


(n,  V»lCT«l,  p.  978). 
Valer^'luna  («.  Valcninid). 

V«lvl     ■.       '.       ■.       '.       '       ■. 

T»l)lent 

Valytiiit*  (s.  T«ljl*ne)- 
Ttnadnlm  (n.  Vuiwiiuni,  p.  969). 
Vanadic  acid 


(•.  VaoadiuiD,  p.  968). 


3.  M«BUaIion 

4.  Alomic  weisht  oT  Vanadium 
Vanadium,  Fluorida,  lodidos  and  I 


Trioxidc 

Tetriixide  or  Vanadioua  oxide 

as. 


Vanadium,  Oxybrnmide  or  . 
Taniilium,  OxychluridMor  . 
Vsnailium,  Sulpbiilea  of. 
Vanilla 


of  (a.  Spedfic  f^vity, 


Variularia 
Variulaiin 


TegeUble  alkali  . 
Tegclabla  elhiopa  . 
Vegetable  Ivoiy     , 


Tef^bie   parehiucDt  (a.  C»1Id1om,  I 

H19), 

flanU,  iv.  16-i). 

Yeneliin  red  !  .  .  . 
Venetian  Tale  (i.  Talc,  p.  656). 
Venice  Toipcutir*   '-    "" 

9I9)._ 

Ventric  and  .... 
Venlrin  (a.  Veta(rnm>iMiB). 


Vcratrum-nna 
VerbaKum 
Vnfaena-oil     . 
Verdittrii 


Vcrmillioa  (a,  Ueicuric  Sulphkk^  iu. 


VenuJina 
Vesuviui 
Vetch  (».  VieU). 


Vinegar  (a.  Aeetjc  acid,  L  7). 

Violan    '.'.'.'.'. 
Violantin        .... 
Violenic  acid  (s.  Viola). 
Violet  (Aniline)      . 
Violin  ot  Viola^metio   . 
Violini 


Violuri 


Vi«io  add 
VlKin     . 


ViKUm 

Vitellin 

Vilex 

Viiii  (a.  Vine  awl  Virginia  CrcepBr). 
Vitrinopal 


Vivianitc 

VOIcknerite  (i.  HTdrotaldte,  ul.  !19). 

VogliU 

VowKM 

Volborthita 

Volcanic  gljM  (a.  Obudian,  ir.  169). 
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Yolgcritc 1005 

Voltaic  battery  (s.  Electricity,  ii.  414). 

Yoltaffometer — 

Voltaite — 

Voltameter — 

Voltzin  or  Voltzite — 

Volume — 

Volume,  Atomic  (a.  Atomic  Volume,  i. 

440). 
Volumenometer  or  Stereometer      .        .      — 
Volzin  and  Volzite  (s.  Voltzin  and  Volt- 
site). 


.  477). 


Voraulite  (s.  Lazulite,  iii 

Vorhauserite 

Voegite  . 

VulcaniHation 

Vulcanite 

Vulpic  acid 

Vulpinite 

Vulpulic  acid,  Vulpulin  (s.  Vulpic  acid) 


W 
Wacke  (s.  Grauwacke,  ii.  842). 

Wad 

Wagite 

Wagncrite 

WaSa 

Walchowite 

Waldheimite 

WallUchen 

Walnut 

Warwickite 

Wa0hin|rtonite 

Wasite,  Wasium 

Water 

Occurrence,  Properties     .        .        . 

Beactions; 

Combinations  ..... 

Natural  water 

Kain-water 

Spring- water 

Kiver-water 

Sea-water 

Quality  of  water  used  for  economic 
and  technical  purposes 

Water-analysis 

Estimation  of  FixG<l  Constituents   . 
Hardness  . 
Origan ic  substances  . 
Acid  constituents 
Bases 
Statement  of  the  Results  of  Water 

Analyses 

Wavellito 

Wax: 

1.  Animal  wax  :  Bees-wax 

2.  Vegetable  wax : 

Chinese  wax :       .        .        .        . 

Cowtrec-wax        .... 

Cuba-wax     ..... 

Japan-wax 

Stop-wax  or  Propolis   . 
Wax,  fossil  (s.  Ozocerite,  iv.  822). 

Websterite 

Wchrlito 

Weissigite      ...... 

Weissite 

Weld 

WeltcrV  Bitter  (s.  Picric  add). 
Wemerite  (s,  Scapolite). 

Wheat 

Whcwellite 

Whisky 


1006 
1007 


1008 


1009 


1012 
1013 
1014 

1015 
1017 
1019 

1022 
1026 

1027 
1028 
1033 
1034 

1035 


1086 


1037 


VAOK 

White  antimony 1037 

White  arsenic — 

White  copperas — 

White  iron  pyrites          ....  — 

White  lead — 

White-lead  ore — 

White  pigments — 

White  teUuriom 1038 

White  vitriol — 

Whitneyite — 

Wichtisite,  Wihtisite,  or  Wichtyn          .  — 

WiUemite,  Wilhelmite,  or  Williamsite  .  — 

Willow — 

WUuite — 

Wind-furnace — 

Wine — 

AnalvBiBof  Wine    ....  1042 
Wine,  Oil  of  (s.  Etherin,  ii.  507). 

Wiserite 1043 

Withamite — 

Witherite — 

Wittichenite  or  Wittichite     ...  — 

Wittingite — 

Woad — 

W5hlerite — 

Wdrthite — 

Wolchite — 

WolchonskoTte — 

Wolfram 1014 

Wolfhunine  or  Wolfxmm-ochre       .        .  — 

Wolfsbergite — 

WoUastonite — 

Wongshy  or  Wongaky.  ....  — 

Decay  of  woody  fibre      ...  — 

Destructiye  distillation  of  wood       .  1045 

Wood-oil — 

Wood-spfrit  (s.  Ifethyl,  Hydrate  of,  uL 

988). 
Wood-tar  (s.  Tar,  p.  670). 

Wool 1046 

Woorara  (s.  Curara,  ii.  185). 

Wootz 1047 

Wormseed — 

Wormseed-oil — 

Derivatives:  Cinebene,  Cimebeno- 
camphor,  Cinaephene,  Cimephanc, 

Cinsphone,  and  Cinacrol     .         .  1048 

Woulfe*s  apparatus         ....  1049 

Wrightino — 

Wuffenite — 

Wuruite — 


Xanthamide  .....        ,  _ 

Xanthamylamide 

Xonthamylic  acid 

Xanthamylic  ether         ....       

Xanthan 

Xantharin  or  Xanthil     .        .        .        .  ^ 

Xanthazarin — 

Xanthein 

Xantheline 

Xanthcne 

Xanthvdric  acid 

Xanthic  acid 1050 

Xanthic  ether 

Xanthic  oxide       .....      

Xanthides       ......  — 

Xanthil  (s.  Xantharin). 

Xanthine — 

Xanthinine 1061 

Xauthinocarpin — 
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Xanthtn-ffpar  (s.  Wulfenitc). 

Xanthitane 1051 

Xanthit« 1052 

Xanthobctic  acid — 

Xanthoch\inu0 — 

Xanthocubaltic  salts       ....  — 

Xanthocone — 

Xanthocystin  (s.  Tyrosine,  p.  981). 

Xanthof^en — 

Xantho^en-oil — 

Xanthoglobalin — 

Xantholcin — 

Xantholein — 

Xanthonethylic  acid      ....  — 

Xanthophenic  add         .        .        .        .  — 

Xanthophyll — 

Xaiithophyllite  (s.  Clintonite,  1 1026). 

Xanthopicrin  or  XanUi(^icrite       .        .  1058 

Xanthoproteic  add — 

Xanthopyrite  (s.  Iron-pyrites). 

Xanthorhamnin — 

Xanthoirhcea  resin  (s.  Acaroid  resin  L  2). 

Xanthorthite 1054 

Xanthosiderite — 

Xanthotannic  add         ....  — 

Xanthoxylcne — 

Xanthoxylin — 

Xanthoxylon — 

Xanthurin — 

Xenolite — 

Xenotime — 

Xenylamine — 

Azo-dixenylamine  ....  1055 

Diethyl-xenylamine        ...  — 

Xenylene-diamine — 

Xenylenic  alcohol — 

Xerasite — 

Xilite  (8.  Xylite). 
Xilopal  (s.  Xylopal). 

Xuthene — 

Xylene  or  Xylol — 

Ethylbenzene 1056 

Bromo-xylenes        •        •        •        .  1057 

Chloro-xvlenes        ....  — 

Nitro-xvlenes 1058 

Azo-xylenc — 

Ethyl-  and  Me^yl-xylene     .        .  — 
Xylene-diamine  (s.  S^lylene-diamine). 

Xylene-sulphochloride   ....  — 
Xylene-sulphoric    add,  Amido-xylene 

sulphuric  add — • 

Xylene-solphurous  add         •        .        .  1059 

Xylenc-sulphydrate       ....  — 

Xylenyl — 

Xylenylamine  (s.  Xylidine). 

Xylidamine — 

Xylidine — 

Dinitroxylidine       ....  — 

Xylite — 

Xylobalsamum 1060 

Xylochloeric  add — 

Xylochlore     ......  — 

Xylocryptite  ......  — 

Xylold — 

XvloTdicacid.        .....  — 

Xyloldin — 

NitroxyloTdin — 

Xylol  (a.  Aylene). 

XyloUte 1061 

Xyloncs — 

Xyloretin — 

Xylostcin — 

Xylosteum — 

XvlotU — 


PAGE 

Xylyl 1061 

Xylylamine 

Xylylene — 

Xylylene-diamine 

'Nitroxylylene-diamine   ...      — 
Xylylic  acetate,  chloride^  dec  (s.  Toluylic 

acetate,  dbc  p.  870). 
Xylylic  add  ......  1062 

Alphaxylylic  add  ....      — 

Xylylic  alcohols 

Xylylsolphamic  add      ....  1063 


Yabicoja 1063 

Tam  (s.  Diosoorea,  iu  885). 

Yanohte,  or  Yantholite  (s.  Axinite,  L  477). 

Yeast  (s.  FennenUtion,  it  629). 

Yellow  copper-ore  (s.  Copper-pyrites,  ii. 
77). 

Yellow  copperas  (s.  Botryoften,  L  651). 

Yellow  dyes  (s.  Dyeing,  iL  856). 

Yellow  lead-ore — 

Yellow  metal — 

Yellow  ochre — . 

Yellow  pigments — 

Yellow-pods — 

Yellow  tellariam  (s.  Sylvanite^  p.  647). 

Yenite  (n.  Licvrite,  iiu  589). 

Yerfoa  mat^  (s.  Paragaay  tea,  iv.  849). 

Ypadu-plant  (a.  Coca,  i.  1059). 

Ytterbite,  Ytterite  (s.  Gadolinite,  ii.  757). 

Yttria     .......      ^ 

Yttrite  (s.  Gadolinite,  IL  757). 

Yttrium ^. 

Yttrium-componnds        .        .        .  1064 
Detection  ana  Estimation  of  Yttrium  1065 

Yttrocerite — . 

Yttrocolumbite  (s.  Yttrotantalite). 

Yttroilmenite 

Yttrotantalite — 

Yttrotitanite — 

Yu 1066 


iSacotinga 

ZafTre     ....... 

Zala  (s.  Borax). 

Zaroboni*s  pile 

Zamtite 

Zanthopicrin  (s.  Xanthopicrite). 

Zeagomte       ...... 

Zcasite 

Zedoarv 

Zdodelite 

Zea  Mais 

Zehi 

Zeolites 

Zeotin-salt 

Zerumbet^root 

Zinc 

Occurrence.    MetaUoigy       • 
Properties       •       .       •        .       . 

Zinc,  Alloys  of 

Zinc,  Bromide  of    .        •        , 

Zinc,  Chloride  of 

Compound  with  Ammonia 

with  Alkaline  Chlorides 
with  Zino-oxide    . 

Zinc,  Cyanide  of  (s.  Cyanides,  ii.  274). 

Zinc,  Detection  and  Pistimation  of: 

1.  Blowi>ipe  reactions     . 

2.  Beactions  in  solution  . 


1067 

1068 
1069 


1070 


1071 
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1071 


1072 


1074 


1075 


Zinc,  Detection  d:c.  {coniinuetf) — 

8.  Estimation  and  Separation 

4.  Atomic  weight  of  Zinc 
Zinc,  Fluoride  of    .        .        . 
Zinc,  Iodide  of       .        .        . 
Zinc,  Nitride  of      .        .        . 
Zinc,  Oxides  of      .        .        . 
Zinc,  Oxychloride  of  (p.  1070), 
Zinc,  Peroxide  of  (p.  1071). 
Zinc,  Phos])hide8  or 
Zinc,  Selenides  of  . 
Zinc,  Selenioc}'anate  of  (p.  220). 
Zinc,  Suboxide  of 
Zinc,  Sulphides  of: 

Protosulphide. 

Oxysulpniiles 

Pcntasulphide 
Zinc,  TeUuride  of  . 
Zincacctamide 

Zincaroide  .... 
Zincaravl  .... 
Zinc-a^K  .... 

Zincazurite  .... 
Zinc-blende  .... 
Zinc-bloom  or  Zinconise 
Ziuc-buttcr  .... 
Zinccthyl  (p.  1076) 
Zinc-fahlore  .  •  ,  , 
Zinc-fiowera  «... 
Zinc-glass  )  s.  Silicxsous  calamine, 

Zinc-grammatite  j      i.  713). 

Zincite 

Zinckenite  (s.  Zinkenite,  p.  1079). 
Zinc-methyl  (p.  1078) 
Zinconise  {s.  Zinoite). 
Zinc*phenylamide  . 
Zinc-phvlfite  (s.  Hopeito,  iu.  106) 
Zinc-rauiclcs,  oiganic 

Zinc-amyl       . 

Zinc-ethyl       .        . 

Zinc-methyl     . 
Zinc-spar  (a.  Calamine,  i.  713). 
Zinc-spinel  (s.  Gahnitc,  i.  767). 
Zinc- vitriol  ?s.  Sulphates,  p.  617). 
Zinc-vitritc  (s.  Siliceous  calamine,  L  714). 
Zinc-white      ....  .  1079 


1076 
1078 


PAOE 

Zingiber  (s.  Ginger,  it.  838) . 

Zinkenite 1079 

Zippeite — 

Zircon ~ 

Zirconia ^ 

Zirconic  add  .        «        .        .        .        .  — 

Zirconite — 

Zirconium — 

Modifications :  Amorphoiui,  cta'sUI- 

line,  and  graphitoldal .         .'        .  lu^ 

Zirconium^  Bromide  of  .         .        .        .  — 

Zirconium,  Chloride  of  .         .         .        .  — 
Zirconium,  Detection  and  Estimstion 

of — 

Zirconium,  Fluoride  of  .        •        •        .  — 

Fluozirconates         .        .        •        .  — 

Zirconium,  Nitride  of     ...        .  10t$3 

Zirconium,  Oxide  of       .        •        .        .  — 

Hydrates 1084 

Zirconates — 

Zirconium,  Oxychlorides  of  (s.  Zirco- 
nium, Chloride  of,  p.  1080). 

Zirconium,  Sulphide  of  .        .        .        .  — 

Zircon-syenite 1085 

Zoiodin — 

Zoisite — 

Zomidin — 

Zoochcmical  Analyses   (s.  Analysis^  i. 

ZoomeUmin — 

Zoonic  acid — 

Zoostearic  acid — 

Zootic  acid — 

Zootine-salt — 

Zooxanthin    .        •        .        .         .        .  — 

Zorgite — 

Zoti&ra — 

Zumic  or  Zymic  acid      ....  — 

Zurlerite  or  Zurlite         .        .        .        .  ^ 

Zwiesolite       ...        .        .        .  — 

Zygadite — 

Zymic  acid  (s.  Zumic  acid). 

Zymic  infusoria lu86 

Zymome         •        •        .        .         .        .  — 

Zymoscope     ....         .         .  — 

Zymuigy , — 
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